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Abstract 

Climate change has been a global concern over the past decade, prompting the need for 

coordinated policies at international, national, and local levels to both mitigate its effects and 

support adaptation. In Africa, smallholder farmers are already adjusting to the environmental 

changes brought about by climate change. However, the accelerating impacts of human-

induced climate change widely documented in numerous studies continue to threaten rain-

fed agriculture, worsening hunger and food insecurity in developing countries.  

The way smallholder farmers perceive climate change significantly influences their farming 

practices. Individuals’ perceptions of their environment often shape their responses to it, 

influencing whether they will adopt modern technologies and adaptive techniques aimed at 

enhancing resilience and coping capacity. 

Mainstreaming has been proposed as a strategy for governments to integrate traditional 

knowledge with scientific approaches in climate change adaptation policies. Increasingly, it is 

recognized that scientific models alone are insufficient for effective adaptation. Instead, 

strategies must be tailored to local contexts, promoting the co-production of knowledge from 

both traditional and scientific sources. This fosters social learning and informs policy actions 

that can better support the resilience of local systems to climate impacts. 

This study aimed to identify and compile the strategies used by crop farmers to adapt to 

climatic variabilities, with a focus on traditional knowledge, its influence on farming practices, 

and its integration with scientific methods for policy action. 

Specifically, the study sought to assess the extent of farmers’ awareness of climate variabilities 

and to document adaptation strategies rooted in traditional knowledge. It also examined the 

growing trend of combining traditional and scientific approaches as a regular practice among 

farmers. Additionally, the study explored efforts to mainstream traditional knowledge into 

policy at both the district and national levels and identify the barriers to integration and 

propose potential solutions. 

The study covered four districts from two agro-ecological zones in northern Ghana using a 

mixed-method approach. Data collection included questionnaires, focus group discussions 

and interviews. Two logistic regression models were used to determine factors influencing 
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farmers' choices in adopting both traditional and scientific adaptation strategies. In total, 687 

participants were engaged, including smallholder farmers, elders, local NGO representatives 

and policymakers at both local and national level.  

A major finding was the seemingly gradual decline in appeal of traditional knowledge, largely 

due to fast-eroding of nature-based adaptation practices by climate related disruptions 

rendering them less effective or a lack of awareness of the full benefits of some techniques 

practiced.  

The findings also showed that farmers' perception on changes in weather, status of household 

head, availability of crop techniques, and access to weather information positively influence 

farmers' decisions on adaptation practices. Conversely, factors such as the level of education, 

number of plots, gender, agro-ecological zone, number of crops grown and number of years 

in farming showed a negative influence on adaptation decisions.  

Farmers used mixed cropping, various crop technologies (early-maturing, disease-resistant, 

pest-resistant, and drought-resistant varieties), and shifting cultivation in crop management 

practices. For water conservation, techniques such as mulching, mound-making, and bunding 

were applied. However, bunding and mound-making are gradually becoming less common 

due to land clearing methods that make their manual constructions unsuitable.  

Farmers were also changing their cropping systems, changing planting dates making use of 

weather information obtained by either traditional prediction or scientific weather (often 

delivered in local languages via radio or television). The findings also show that increasing 

input costs and declining yields are making farmers more vulnerable to debt.  

Furthermore, the study identified a lack of political will, lack of resources, and limited capacity 

at the local level as the major barriers to mainstreaming smallholder farmers’ traditional 

knowledge into policy.  

The study concludes that mainstreaming traditional knowledge into agricultural policy could 

enhance the resilience of smallholder farming systems. Policymakers agreed that for 

adaptation policies to be relevant and content-specific, they must be developed using 

bottom–up approaches. Although traditional knowledge seems to be dwindling, partly due to 

the fast rate at which climate impact erodes evidence-based learning locally, it still holds 



   

 
Bridging TK & Agriculture Policy in Climate Change Adaptation in Ghana: Ph.D. Thesis      vii 

potential as a basis for targeted agro-ecological education and locally relevant climate 

adaptation strategies.  

The study recommends further research into how local policy actors can create opportunities 

for co-producing knowledge through collaborative partnerships involving research 

institutions, agricultural extension services, local authorities, and community members. By 

fostering social learning in these partnerships, local adaptation policies and actions can be 

better informed, context-specific, and more effective. 
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Chapter 1 

General Introduction 

 

1.0 Climate change and Agriculture 

Agricultural systems are impacted drastically by climate change as it affects both plant and 

animal health (Pereira, 2017), making production highly sensitive to changing weather and 

climate. According to IPCC (2021), different types of climate extremes are predicted to 

increase and become more regular, affecting various areas of the world due to the changing 

climate. These extreme occurrences, for instance droughts, increased temperature, and heat 

waves, can negatively influence agricultural production and have consequences for the 

livelihoods and food security of communities. Bailey et al. (2015) and Puma et al. (2015) 

stated that not only regions directly facing the extreme event will be affected, but also regions 

in other parts of the world may suffer from indirect effects such as reduced exports of 

agricultural products and higher food prices. Africa is projected to be one of the continents to 

have the most impact from climate change for two reasons: its geographical features, which 

have most of its lands across the warming tropics, and the inadequate human, social and 

economic capability to adapt to the impacts of climate change (Leal Filho et al., 2015). 

Agriculture also retains a dual identity globally - as an industry in developed countries and a 

way of life in developing countries (Lal, 2021). Agriculture, therefore, must be integrated into 

any universal agenda on climate change mitigation and adaptation, since under the setting of 

climate change, agriculture is an ecological activity, not an economic activity. However, 

temperature rises caused by human-induced climate change have been recorded across 

Africa, with several places warming faster than the global average. However, uncertainty of 

detected rainfall tends to occur in the African region (Ranasinghe et al., 2021). According to 

FAO and ECA (2018), these changing climates are significant and raising concern for food 

security and nutrition in Africa, particularly in agriculturally dependent countries. Reduced 

precipitation and increased temperatures already have a detrimental impact on staple food 

crop production and on modifying farming systems. According to the IPCC (2022), a 2°C 

temperature rise will cause yield reductions in staple crop production across most of Africa 

compared to 2005 yields (e.g., 20–40 % decline in West African maize yields), even when 
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adaptation options and increasing CO2 emissions are considered. Also, the impact of climate 

change has decreased agricultural production in Africa by 34 % since 1961, more than any 

other region. Maize and wheat yields have decreased by 5.8 % and 2.3 %, respectively, in sub-

Saharan Africa since 1974, causing smallholder farmers and pastoralists to believe climate has 

changed, and leading more than two-thirds of Africans to believe that climate conditions for 

agricultural output have deteriorated over the last decade (Trisos et al., 2022).  

 

 

Figure 1.1: Showing various aspects of climate change's impact on rain-fed agriculture by human-made climate 

change. 

Hotter temperatures and high humidity have been linked to maize contamination by moulds 

and fungi, as evidenced along the maize-poultry value chain in Nigeria (Liverpool-Tasie et al., 

2019). Africans are disproportionately engaged in climate-vulnerable sectors: agriculture 

employs around 60% of the sub-Saharan workforce, and 95 % of farmland is rain-fed. Climate 

hazards pose a threat to the livelihoods of impoverished farming families in rural Africa (Trisos 

et al., 2022). Extreme weather occurrences have also contributed to increased acute food 

insecurity and malnutrition among millions of Africans in need of humanitarian help 

(Gebremeskel-Haile et al., 2019). Between 2015 and 2019, an estimated 45.1 million people 

in the Horn of Africa and 62 million in eastern and southern Africa required humanitarian 

assistance due to climate-related food shortages. Children and pregnant women are 
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disproportionately affected in terms of health and nutrition (Gebremeskel-Haile et al., 2019). 

Furthermore, climate change will lead to food insecurity for 71 million people in the world by 

2050, with more than half of them living in sub-Saharan Africa (FAO & ECA, 2018).  

1.1 Smallholder farming and climate change impact 

Farmers are at the forefront of attempts to reduce climate change's harmful effects on food 

systems. While changes and shocks to global and regional food systems will touch all 

individuals in some way, food producers will initially endure most of the consequences, 

especially smallholder producers from the developing world. Crop failures are becoming more 

likely as global temperatures rise and erratic or extreme weather events spread more 

frequently across regions (IPCC, 2014a; FAO, 2017). These events can lead to additional land 

management crises through soil erosion, flooding, and drought, all of which can make food 

production more difficult or impossible (IPCC, 2014b). These effects already affect producers' 

ability to distribute and sell food and will have a detrimental impact on global food security 

(FAO, 2016; Ingram et al., 2016). The livelihoods of farmers are therefore at risk worldwide: 

climate change is expected to increase net poverty, especially in rural regions where 

agricultural production is economically essential (Hallegatte et al., 2016).  

1.2 Traditional knowledge 

1.2.1 Conceptual definition of traditional knowledge 

The knowledge generated and shared by indigenes, or local people, has been classified and 

defined in several ways depending on the source and purpose of the definition. For instance, 

in the field of sustainable development, it is referred to as indigenous technical knowledge, 

traditional environmental knowledge, rural knowledge and farmer’s or pastoralist’s 

knowledge (Warren, 1991). Johnson (1992) defines Indigenous knowledge to be a body of 

knowledge built up by a group of people through generations of living in close contact with 

nature. Also, science education research literature often identifies indigenous knowledge by 

such phrases as: traditional knowledge (ICSU, 2002), traditional wisdom (George, 1999b), 

traditional ecological knowledge (Snively & Corsiglia, 2001). Furthermore, native science 

(Cajete, 2000b), Aboriginal science (Aikenhead, 2006), Mäori science (McKinley, 1996), and 

Yupiaq science (Kawagley, 1995). For instance, widely used term, indigenous knowledge (IK), 

emphasizes attachment to place and establishes a link with indigenous peoples (Nakashima 
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& Rogue, 2002). Some practitioners argue that such identification based on location was too 

narrow excluding people who may have lived in an area for a long period of time but are not 

the original inhabitants. They expanded the definition as knowledge possessed by any group 

living off the land in a particular area for a long period of time (Langill, 1999), a broader 

concept referred to as local knowledge. Various scientific, political, and social considerations 

make it all but impossible for a single term to suit all settings required for the defining the 

concept of indigenous knowledge without any shortcomings (Nakashima & Rogue, 2002; 

IPBES 2021; Yeleliere et al., 2022b). This has led to practitioners using the terms 

interchangeably in the field (Langill, 1999; Aikenhead & Ogawa, 2007). However, this study 

adopts to use the term traditional knowledge (TK) as found in science education literature 

(UNESCO-ICSU, 2002) and defines it as a cumulative body of knowledge, expertise, practices, 

and representations maintained and developed by peoples with extended histories of 

interaction with the natural environment. Encompassing understandings, interpretations, and 

meanings of cultural complex such as language, naming and classification systems, resource 

use practices, ritual, spirituality, and worldview (UNESCO- ICSU, 2002). The study adopts the 

definition for its capture of elements as expertise and practices based for which it aims to 

profile climate adaptation by smallholder farmers. However, other terms used in cited 

literature will be maintained in the study (Bohensky & Maru, 2011) 

1.2.2 Traditional knowledge and climate change adaptation 

Husbandry and agriculture are two of the earliest ways humans have interacted with the 

environment and managed ecosystem services (Fisher et al., 2009). Traditional agriculture is 

the result of thousands of years of experiences supplied by local agricultural traditions (Pulido 

& Bocco, 2003). Traditional farming techniques had an important influence on the 

development of agricultural science knowledge (Sandor & Furbee, 1996; Kerr & Sanghi, 1991). 

For ages, they have fed a sizeable population and continue to do so in various parts of the 

world (Koohafkan & Altieri, 2010). Traditional societies have relied significantly on their own 

Indigenous knowledge systems to study the environment and deal with natural risks 

throughout history. According to Pareek and Trivedi (2011), the knowledge gained from 

observation and research from accumulated experiences and has been down from generation 

to generation. In recent years, it has been acknowledged that scientific models that ignore 

local people’s perceptions of climate change are inappropriate, as local knowledge can be 
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useful in designing policies to deal with the negative impacts of climate change (Byg & Salick, 

2009; Weber, 2010). Meanwhile, traditional agriculture practices have received increased 

attention globally, as a climate-smart approach to conservation and sustainability of local 

environment and livelihoods (Terdoo & Adekola, 2014; Srivastava et al., 2016; Partey et al., 

2018) while policy decisions based solely on scientific models may not reflect the concerns 

and priorities of local people. In support of this, Moonga and Chitambo (2010), Saitabau 

(2014) and Mapfumo et al. (2015) argued that understanding and incorporating traditional 

knowledge have become increasingly topical and have been embraced by academics and 

development practitioners as essential to addressing the multiple livelihood challenges faced 

by rural communities in developing countries. This serves as the foundation for locally led 

adaptation plans that can move beyond the planning stage and begin to be implemented. 

Several scholars have explored local farmers' experiences with climate change and variability, 

considering the emerging understanding of the relevance of traditional knowledge in dealing 

with climate change (West et al., 2008; Yaro, 2013). Ingram et al. (2002), for example, 

investigated the geographical differences in farmers' perceptions of climate change and their 

capacity to use weather predictions in Burkina Faso. According to Roncoli et al. (2002), farmers 

in the Sahel use several local indicators to forecast rainfall and adjust their resource 

management techniques appropriately. West et al. (2008) investigated local perceptions of 

rainfall patterns in Burkina Faso, while Meze-Hausken (2004) compared local farmers' views 

of climatic variability with rainfall variability observations in northern Ethiopia. Yaro (2013) 

investigated climate change perspectives among small traditional and contemporary 

commercial farmers in southern Ghana. He showed that small farmers explained their local 

knowledge and experiences for observed climatic changes, but modern commercial farmers 

understood climate science better. He also stated that specialised strategies are required for 

climate profiling (modelling) in agricultural investment and efforts. Moreover, some studies 

have focused on the factors that impact farmers' decisions to adapt to climate change at the 

farm level (Roncoli et al., 2002; Ziervogel et al., 2005; Vogel & O'Brien, 2006). These studies 

investigate farmers' perspectives, information utilisation, and other aspects impacting 

decision-making. However, despite the vital importance, the contrasts and synergies between 

the traditional knowledge used to manage climate risks and the seasonal climate projections 

are seldom documented (Letson et al., 2001; Broad et al., 2002; Patt & Gwata, 2002; Vogel & 

O'Brien, 2006). This lack of focus has made it harder to harmonise this diverse knowledge base 
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for inclusion into policy. However, according to Yamba et al. (2019), policy must allow and 

capitalise on traditional knowledge to achieve long-term climate action.  

1.2.3 Limitation of traditional knowledge 

Like all knowledge sources, traditional knowledge has limitations that need to be considered 

in its application to be able to achieve the maximum benefits in climate change adaptation. 

Traditional knowledge is created within a worldview that incorporates both physical and 

spiritual components. This makes it difficult to harmonize with western knowledge based on 

entirely different worldviews (LaDuke, 1994:146). Also, since traditional knowledge is created 

and transferred orally in local languages, transferring it into another language often results in 

either misinterpretation or change of the meaning. Furthermore, the mode of the transfer 

also leads to breaching of cultural norms by knowledge holders (Cronon, 1996).  

Specifically in Africa, limitations of use of Africa traditional knowledge in climate adaptation 

recorded in studies from various countries and across ecosystems show negative effect by 

several factors. For instance, Seaman et al. (2014) and Mafongoya et al. (2017) recorded that 

local farmers depending on traditional systems for livelihoods are of the view that African 

governments do not support or promote traditional knowledge in policy development while 

most governmental agricultural extension officers consider traditional knowledge to be 

unscientific and unreliable (Mafongoya et al., 2017).  

Also, due to undocumented nature of traditional knowledge in Africa in addition to it 

inadequately being captured in literature, African governments often do not recognise or 

include it in adaptation planning (Ford et al., 2016; IPCC, 2019b). The possibility of the 

extinction of traditional knowledge is also cited as a limitation to its use since it is passed down 

orally or demonstrated from generation to generation, being preserved mostly in the 

memories of the elderly. Memory gaps or refusal of the holders to pass it on to the next 

generation may lead to the disappearance of the knowledge (Rankoana, 2016a).  

Additionally, IIED (2015) recorded that how traditional knowledge is transferred, accessed, 

and shared is uneven making it difficult for official channels to utilise it easily when required 

in policy development.  
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Urbanisation is another factor identified as a threat to traditional knowledge according to 

Fernández-Llamazares et al. (2015), asserting that due to limited use of it by migrant rural 

dwellers to urban areas for greener pastures, the knowledge is lost with time.  

Also, the lasting effect of colonisation on most African societies where the African indigenous 

ways of knowing were devalued and marginalised for western culture and knowledge (Bolden 

et al., 2018) limiting the use of traditional knowledge amidst concerns about the effectiveness 

of both traditional knowledge indicator and related adaptation responses by communities in 

predicting and adapting to weather events under future climate conditions (Speranza et al., 

2009; Shaffer, 2014; Hooli, 2016). 

1.3 Defining Scientific Knowledge (SK) 

"Science" comes from the Latin word "Scientia," meaning "knowledge." It refers to progressive 

compilation of knowledge and practices, emerging as scientific procedures derived from 

established theories or research processes, encompassing validity and reliability (Turnbull, 

1997, Fazey et al., 2004, Pullin & Knight 2001). Additionally, to Alexander et al. (2011), science 

is made up of instrumental recordings or statistically examined files that are formed from 

precise features of dependent and independent variables, regularly assessed to demonstrate 

a suitable degree of validity and reliability. The US National Academies Press (2019) defines 

science as an approach to inquiry aimed at posing questions about the world and reaching 

well-founded conclusions through collaborative efforts.  

Scientific knowledge, therefore, refers to a methodically and empirically supported 

comprehension of the natural world and the laws governing it, achieved through rigorous 

scientific research, reflections, testing, and examinations. However, evidence produced is 

determined by the philosophical and epistemological stance of the person or organization, or 

the method by which the knowledge was obtained (Turnbull, 1997, Fazey et al., 2004, Pullin 

& Knight, 2001). This study defines scientific knowledge as knowledge generated analytically 

using proven procedures and ideas, such as scientific method (Raymond et al., 2010). 

Thus, the study defines traditional practices as techniques or knowhow developed by peoples 

with extended histories of interaction with the natural environment while scientific practices 

include technologies developed with modern science procedures and methods. 
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1.4 Mainstreaming of Traditional knowledge into Policy 

UNDP-UNEP (2021) described mainstreaming climate change adaptation as the repeated 

process of adding deliberations of climate change adaptation into policymaking, budgeting 

implementation, and monitoring processes at national, regional, and local levels. 

Mainstreaming is frequently related to the practice of considering potential climate change 

consequences when making investment or development aid choices. In the framing of 

mainstreaming framework, Wamsler and Pauliet (2016) enlisted seven strategic levels 

(activities) namely:  

i. Add-on mainstreaming – special initiatives are introduced into the organisation's 

primary activities 

ii. Programmatic mainstreaming – modification of sector work to accommodate climate 

actions 

iii. Managerial mainstreaming – alterations to supervisory and working structures 

iv. Intra-organisational mainstreaming (internal cooperation among departments) 

v. Inter-organisational mainstreaming (cooperation and inter-connection with other 

departments) 

vi. Regulatory mainstreaming – changes in formal and informal planning procedures, 

rules, and legislation that contribute to adaptive integration. 

vii. Directed mainstreaming – giving the highest priority to focus on features related to 

climate adaptation 

Although the framework may be used to whole adaptation or certain components including 

other cross-cutting themes such as climate change mitigation, it is most suited to total 

adaptation. However, Wamsler and Brink (2014) stated that applying it to adaptation will 

require a comprehensive technique for climate risk reduction. Runhaar et al. (2018), in their 

review of mainstreaming initiatives across developed and developing countries, observed 

that while many sectoral policy documents and plans mentioned mainstreaming, fewer than 

half included specific programmes or actions for implementation. The factors causing the 

implementation gap were the foremost is that mainstreaming efforts involve a large set of 

actors, institutions, and processes. Secondly, is that the moving from planning to 

implementation requires overcoming multiple resource, institutional, and capability 
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challenges (Mimura et al., 2014; Gogoi et al., 2017). Thirdly, there is lack of sustained political 

commitment and effective cooperation and coordination among key stakeholders. Lastly, the 

absence of clear mandates, competing political interests, and inappropriate organisational 

structures and practices (Runhaar et al., 2018). But access to information and expertise are 

not significant barriers to mainstreaming implementation (Runhaar et al., 2018). 

1.5 Resilience 

Resilience is the ability of a system to endure shocks while maintaining its core functions, 

structure, feedback mechanisms, and overall identity (Walker et al. 2006). However, the 

resilience concept proposed by Holling (1973:17) looked at resilience in two ways 

‘engineering’ and ‘ecology’, referring to the ability of an ecosystem to return to a state of 

stability after a disturbance, or to absorb changes ‘and still persist’. Since then, resilience 

thinking has expanded from its original, restrictive definition to include the capacity to recover 

or reestablish equilibrium after a disruption, or “engineering resilience" to a more 

comprehensive theory that emphasizes flexibility and transformability as essential 

components (Folke et al., 2010). Defining resilience depends on the field and purpose for its 

use. For instance, Adger (2000) defines social resilience as the ability of groups or 

communities to cope with external shocks and disturbances because of social, political, and 

environmental change. But the ability of ecosystems to sustain themselves in the face of 

disruption is known as ecological resilience, linking ecological and social resilience. This 

connection between ecological and social resilience is obvious especially for communities or 

social groupings who depend on natural resources for their way of life as do most rural 

communities in developing countries. Adger, (2000) and Walker and Cooper (2011) indicated 

ecological resilience places more focus on systemic change or adjusting to a new normal that 

would be less susceptible to hazards developed from Hollings (1973) definition of ‘ecological 

resilience’. Folke et al. (2010) acknowledged the possibility of dynamic change across scales 

as a perspective from social-ecological systems emphasizing the interaction of creativity, 

learning, and adaptability in producing system properties like resilience. This gives the 

possibility of restructuring of systems that point out "bouncing forward" or evolving to a less 

vulnerable state rather than merely "bouncing back" to a pre-shock condition (Maguire & 

Cartwright, 2008; Shaw & Theobald, 2011). From a political standpoint, resilience is a way to 

control uncertainty (expected or unexpected future risks or shocks) in a system. Climate 
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change resilience is the ability to anticipate, adapt to, and recover from the effects of extreme 

weather events with the least amount of harm to the environment, the economy, and society 

(IPCC, 2012). Also, DFID (2013) indicated that the ability of a system and its constituent 

elements to adapt to longer-term climate changes, including transformative change and 

tipping points, is included in the concept of climate resilience. However, some argued that 

resilience is not a universally accepted term, despite its wide range of applications and 

contexts. Stating for instance that even in single-geography fields like disaster risk reduction, 

climate change adaptation, humanitarian aid, spatial planning, governments, and 

organizations also have different perspectives on resilience, seeing it as a process, a state, or 

a quality (Lewis & Kelman, 2010; Davoudi, 2012; Levine et al., 2012; Alexander, 2013).  

Conversely, Walker et al. (2004) asserted that transformability is a related idea that deals with 

what to do when a change into an undesirable regime is either unavoidable or has already 

happened and cannot be reversed, resulting in a new system regime. Béné et al. (2012) 

demonstrated that a system becomes resilient only after surviving change persistently, with 

incremental adjustments in the system until eventual change, resulting in a new system that 

has the capacity to either absorb or withstand the impact of change. 

However, there is disagreement over the mechanisms that produce transformations (Smith et 

al., 2005). Some people believe that transformation happens naturally because of small-scale, 

well-thought-out interventions undertaken by (usually policy) actors (Schot & Steinmueller, 

2018), while others believe that change is an effect of societal mobilization and significant 

political-economic forces (Stirling, 2015). In other situations, transformation is not caused by 

humans, but rather by external biophysical processes like climate change, which are outside 

the control of any individual or group even though they may be anthropogenic in origin (Kates 

et al., 2012). Thus, resilience building of a system regime requires conscious efforts from 

diverse actors to secure sustainability in a stressed environment (Ungar, 2018). Scoones et al. 

(2020) therefore proposed three approaches: systemic, structural and enabling approaches.  

Although, in the scientific community working on climate change uses resilience extensively 

(Füssel, 2007), there exists a disagreement over what resilience means, which can 

occasionally cause confusion because of the lack of a precise definition (O’Brien et al., 2005; 

Gallopin, 2006; Janssen & Ostrom, 2006; DFID, 2013; Lindoso, 2017)). There is considerable 

debate over how the concepts of vulnerability, resilience, adaptation, and adaptive capacity 
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are interconnected (Cutter et al., 2008; Edmonds et al., 2020; Yavuz et al., 2020). While some 

scholars such as Folke et al. (2002), Villagran de León (2006), and Proag (2014) view resilience 

as the inverse of vulnerability, implying a reduction in risk, others like Klein et al. (2003) 

interpret resilience more positively, as an enhancement of a system’s ability to cope and 

adapt. Therefore, a high level of vulnerability to climate change typically indicates low 

resilience to its impacts (Villagran de León, 2006; Shah et al., 2018). Some scholars, such as 

McEntire (2001), Turner et al. (2003), Pelling (2003), and Hoterova (2020), view resilience as 

a component embedded within the broader concept of vulnerability reflecting an inclusive 

relationship. Resilience is also seen as part of adaptive capacity, which refers to a system’s 

ability to modify its characteristics or behaviour to better cope with current or future external 

stresses (Adger et al., 2004). Consequently, numerous factors can influence the resilience, 

adaptability, and vulnerability of an agricultural system. 

Agro-ecosystem resilience and social resilience are closely related, especially for social groups 

or communities that depend on ecological and environmental resources for their means of 

livelihood (FAO, 2007). For instance, smallholder farmers are more vulnerable to sudden and 

unpredictable changes in temperature and rainfall patterns, which exacerbate rural poverty 

(AGRA, 2014; Kansiime & Mastenbroek, 2016; Fahad & Wang, 2020). As much as resilience 

can be an indicator of a person's capacity to handle challenging or stressful circumstances, it 

depends on group efforts, particularly on how farming communities effectively build their 

social and natural capital based on social elements, institutions, politics, power, and local 

contexts (Brown, 2014; Westley et al., 2011). But according to Altieri et al. (2013), farmers and 

their systems are susceptible to climate shocks because of these capitals. Thus, strengthening 

and expanding social networks at the local and regional levels can lessen social vulnerability 

and boost the resilience of agro-ecosystems. 

On the other hand, resilience can be either "good" or "bad," and understanding it without 

political-economic or cultural theory can be challenging. Understanding a system's resilience 

does not necessarily indicate its socially preferred state, while a resource's specific resilience 

may lead to a loss of general resilience. For instance, a study by Seccombe (2004) of a market 

liberalization and the privatization policy of mangroves at one location in northern Vietnam 

undermine environmental as well as societal resilience. This loss of resilience was associated 

with negative repercussions on livelihoods, and in the context of the institutions of common 
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property management, and damage of collective institutional resilience. Ifejika (2010) 

asserted that resilience factors can make people more susceptible to unpredictability and 

climate change. For example, cattle sold for profit, raising animals can be a resilient tactic 

without drought. However, keeping livestock during a drought makes farmers more 

susceptible to the effects of climate change due to risks. Also, O’Hara et al. (2016) argued that 

while insurance is often discussed within resilience frameworks, it is maladaptive, since the 

system is set up to enforce existing vulnerabilities and exposures by returning to the status 

quo, rather than encouraging adaptive and transformative behaviour that could reduce future 

risks.  

Policies for climate resilience building can be perceived as either beneficial or detrimental by 

different segments of society, as they often involve trade-offs and incremental adjustments to 

existing system regimes that may lead to diverse social impacts. The notion of desirability can 

be viewed from social (Scheffer et al., 2000, 2002), ecological (Walker & Meyers, 2004), or 

economic (Carpenter & Brock, 2004) perspectives. Consequently, developing resilience-

building policies must involve all stakeholders to ensure inclusivity and fairness. 

White and O'Hara (2014) caution against the uncritical use of the term "resilience" within 

policy discussions, whether by politicians, policymakers, ecologists, or planners, emphasizing 

the importance of clarifying the point of reference and justifying why resilience is considered 

a desirable policy goal. To effectively enhance community resilience and reduce vulnerability, 

local institutions rooted in traditional knowledge should collaborate with state-level 

institutions in policy development and implementation (Ingty, 2017). Additionally, robust 

networks are essential for effective coordination among all stakeholders addressing structural 

inequalities within society (Negi et al., 2017; Son et al., 2020; Sakapaji, 2022). Social policies 

that strengthen families, enhance their capabilities, and improve their ability to cope with 

challenging climatic conditions are also crucial (Seccombe, 2004). 

1.6 Sustainable Livelihood 

Livelihood interventions have been promoted in development cycles especially in 

development and poverty alleviation rural areas using various conceptualizations by different 

researchers and scholars due to their multi-dimensional and complex nature (Odoom et al., 

2022). The livelihood approach has been assessed to have relevance to the achievements of 
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SDGs 1, 2, 4 and 12 that target improvement of livelihoods. In conceptualisation of livelihood, 

Ellis (2000) asserted that the meaning is often ambiguous due to the different definitions 

within diverse context. Whereas Scoones (2009) declared that livelihood as a mobile and 

flexible term can be assigned to all sorts of words to build whole areas of development 

analysis and practice. Chambers and Conway (1992) indicate in their popular definition that 

competences, assets (material and social resources) and actions are means of living. Similarly, 

livelihood is the consolidation of resources people utilize and undertake actions to make a 

living (DFID, 1999). Both definitions acknowledge that livelihood refers to the mixing of 

resources coupled with people's actions with the ultimate goal of earning a living (Serrat 

2008).  

However, “livelihood is sustainable when it can cope with and recover from stresses and 

shocks, maintain or enhance its capabilities and assets without undermining the natural 

resource base” (Scoones 2009: 175). According to DFID (2000), sustainable livelihood is the 

adeptness to cope with various stresses and impacts while recovering independently, without 

harming natural resources, to preserve and enhance households' current and future 

capacities and assets. 

But to Scoones (2009), livelihood relates to settings, occupations, social differences, 

directions, dynamic outlines and much more which are created by how individuals, 

households, and communities use their capabilities and means of living to secure food, 

income, and assets (Mclean, 2015). Thus, livelihood strategies are dependent on individuals, 

household, and communities’ access to livelihood capitals stored or accumulated or 

exchanged and put to work to generate flow of income, means of livelihoods or other benefits 

(Rakodi, 1999). In using these resources, a household or community may adopt diverse tactics 

to meet livelihood aspirations and resulting outcomes and make a pathway for livelihood over 

time (Matita et al., 2021). For instance, smallholder farming households engage in agricultural 

intensification to develop routes that change their livelihood outcomes in making a 

smallholder livelihood system (Dou et al., 2020). This is directly tied to the use of small-scale 

agriculture and forestry resources, amidst local environmental and institutional resources. 

They face new challenges because of rapid changes in an array of socio-economic, political, 

and ecological conditions. Massive population growth as recorded in developing countries as 

well as land use changes and land degradation respectively have led to dramatic socio-
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ecological changes (Kiteme et al., 2008). Livelihoods are further exposed to economic 

liberalization, new governance structures, food insecurity and ethnic conflicts, among others. 

Also, the expected increasing frequency of droughts and floods (IPCC, 2007) due to changing 

climate poses new threats to agrarian livelihoods. For instance, reduction in rainfall, variation 

in rainfall distribution, drought and variation in temperatures have affected livelihood assets 

of rural communities due to their influences on farmlands, biodiversity and wildlife that are 

the basic capital that rural people depend on for their livelihood (Amisah, et al. 2009). 

The livelihood approach has been criticized for its inability to address global markets and 

political shifts, weak links to governance and development debates, insufficient attention to 

large-scale environmental changes and failure to incorporate scientific analysis of climate-

related impacts on economies and livelihood resilience (Scoons, 2009; Biggs et al., 2014, 2015; 

Horsely, 2015). 

1.7 Coproduction of Knowledge  

Knowledge coproduction is proposed as a methodology to address the significant gap 

between available knowledge and its application in societal actions, helping to accelerate 

preparedness and solutions for climate and sustainability challenges (Norström et al., 2020). 

A useful method in answering environmental issues may result in an increase in community 

adaptive capacity in the face of climate change (Church et al., 2022). According to Armitage 

et al. (2011) and Norström et al. (2020), knowledge co-production is defined as an ongoing, 

collaborative process that combines diverse sources and types of knowledge through 

partnerships to foster a shared understanding of a problem and its potential solutions while 

Wyborn et al. (2019) set coproduction as procedures that repetitively connect ways of 

knowing and acting including ideas, norms, practices, and discourses leading to mutual 

strengthening and reciprocal transformation of societal outcomes.  

These definitions set knowledge coproduction to encompass research across groups which 

traditionally would be labelled as users or producers, working together to produce, distribute, 

and implement research findings (Durose et al., 2017). For instance, knowledge coproduction 

in policy requires the use of diverse actors with different knowledge bases, worldviews, 

norms, and practices for policy formulation especially in climate action. Potentially to spread 
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ideas and innovation to local peers in developing locally appropriate practice in ways that 

reflect citizen preferences for small-scale, informal activities (Durose et al., 2017).  

Also, Miller and Wyborn (2018) argued that coproduction must go beyond stakeholder 

engagement by scientist to the more deliberate design of societal transitions such as shifting 

institutional arrangements that govern relationships between knowledge and power, science 

and society, and state and citizens. Thus, coproduction contains many aspirations to involve 

diverse participants to produce multiple outcomes, including new knowledge, new ways of 

integrating knowledge into decision making and action, importantly new outcomes. 

Yet, just as stakeholders in coproduction are diverse, so too are the approaches to the 

coproduction process, with no one-size-fits-all solution (Sillitoe, 2017; Abu, Reed, & 

Jardine, 2019; Buell et al., 2020). For instance, Teenage et al. (2014), noted three approaches; 

knowledge integration, cross-fertilization or co-existence and co-production practiced in 

combining traditional knowledge and western science knowledge in climate actions in 

literature. However, Chapman and Schott (2020), Henri et al. (2020), Latulippe and 

Klenk (2020), Alexander et al. (2021), Cooke et al. (2021) and Korhonen-Kurki (2022), attested 

that knowledge coproduction had a push upfront due to its underpinning aim of contributing 

to multiple sources of knowledge, ways of knowing and perspectives from different user 

groups in co-creating knowledge (Cooke et al., 2021). Hakkarainen et al. (2021) endorsed the 

adoption of coproduction, along other terms for similar trans-disciplinary and participatory 

research approaches, due to its widespread use in sustainability science literature, where its 

emphasis on solutions in knowledge production is a key factor while Weaver (2022) 

established shortcomings and insufficiencies in knowledge integration and co-existence 

approaches. For instance, Obermeister (2017) observed that in putting the three approaches 

on a scale from weak to strong, knowledge integration is often criticised for asymmetric power 

dynamics on the weak end leading to rejection of other knowledge sources (traditional 

knowledge) often, annexation, manipulative extraction of knowledge and cultural destruction 

(Tengö et al., 2014; Löfmarck & Lidskog, 2017; Mazzocchi, 2018; Chapman & Schott, 2020; 

Latulippe & Klenk, 2020). Coexistence, on the other hand, is between the two ends of the 

scale placing traditional and western knowledge in close proximity with, and parallel to, one 

another. Whereas at the extreme end of the scale knowledge coproduction promises “an 

active partaking of diverse knowledge systems at all stages of knowledge generation” 

https://www.tandfonline.com/doi/full/10.1080/21665095.2023.2203842
https://www.tandfonline.com/doi/full/10.1080/21665095.2023.2203842
https://www.tandfonline.com/doi/full/10.1080/21665095.2023.2203842
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(Obermeister 2017:81) through to practical knowledge application (Tengö et al., 2014; Klenk 

et al., 2017; Cooke et al., 2020). Example is the incorporation of traditional 

techniques/practices used by smallholder farmers in climate change policy formulation. 

Furthermore, Jagannathan et al. (2020) observed the use of outcome-oriented, practical and 

pragmatic, as well as empowering and transformative used as variant for coproduction but 

Wyborn et al. (2019:319) argued that “both theory and practice of knowledge coproduction 

must move beyond stakeholder engagement to a more deliberate design of societal 

transitions, whether the aim is to gain more accurate data, usable knowledge or social 

transformations.”  

Knowledge coproduction has been criticized for its inability to overcome persistent power-

inequalities, especially so when conventional powerholders would want to hold control over 

the collaboration to continue to define and frame problems without other actors’ input (Pohl 

et al., 2010; Wyborn et al., 2019; Cooke et al., 2021). Also, co-production is time and resource 

intensive (cost of funding; stakeholder fatigue) particularly as it takes time and investment to 

engage and maintain relationships with sustained trust and readiness to engage (Cooke et 

al., 2021; Korhonen-Kurki et al., 2022; Howarth et al., 2022). 

1.8 Statement of Research Problem   

The deterioration of environmental conditions due to climate change has become a global 

issue requiring coordinated international responses. Studies show that Africa is particularly 

vulnerable, largely because of its limited adaptive capacity and heavy reliance on subsistence 

agriculture (UNFCCC, 2011; Tubiello et al., 2002). In Ghana, agriculture is predominantly 

small-scale, with about 90% of farms under two hectares in size (MoFA, 2016). This sector is 

further challenged by rising temperatures, prolonged droughts, and shortened rainy seasons. 

Projections indicate that the average base year temperature of 1.0°C could rise by 0.6°C by 

2020 and up to 4.0°C by 2080, with rainfall expected to decline by 1.1% to 20.5% during the 

same period across all agro-ecological zones (MESTI, 2015). 

Given the diverse environmental conditions in Ghana’s five agro-ecological zones (MoFA, 

2016), the effects of climate change will vary across regions, requiring localized adaptation by 

farmers to maintain their livelihoods. Common adaptation strategies include irrigation, use 

https://www.tandfonline.com/doi/full/10.1080/21665095.2023.2203842
https://onlinelibrary.wiley.com/doi/full/10.1002/sd.2276#sd2276-bib-0157
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of improved seed varieties, crop and farm diversification, adjusted planting dates, and 

alternative income-generating activities (Uddin et al., 2014; Ndamani & Watanabe, 2016; 

Ansah & Siaw, 2017). However, these efforts are often hindered by financial, social, cultural, 

and institutional barriers (Jones & Boyd, 2011; Pasquini et al., 2013), contributing to a 

generally low adoption rate of agricultural innovations across sub-Saharan Africa (Meijer et 

al., 2015). 

Although Ghana, like other Kyoto Protocol signatories, has developed climate action plans, 

the persistently low adoption of agricultural innovations highlights the need for strategies 

that directly address the barriers faced by smallholder farmers. Research that captures local 

knowledge and attitudes toward agricultural innovations can inform the development of 

context-specific strategies, increase adoption and improve sustainability for rural 

communities (Meijer et al., 2015). 

Because the effectiveness of adaptation strategies varies by agro-ecological zone, policies 

must be tailored accordingly and integrate traditional knowledge. This approach helps avoid 

introducing unsuitable technologies or top-down interventions that are difficult to promote 

at the local level. Integrating scientific and traditional knowledge has been widely advocated 

to strengthen climate resilience in vulnerable communities, especially in the Global South. 

However, while the Global North has made strides in combining these knowledge systems, 

such integration is less prevalent in the Global South (Boillat & Berkes, 2013; Kim et al., 2017). 

Although there is a growing body of research on traditional knowledge in Africa, most studies 

have focused on smallholder farmers’ perceptions, vulnerabilities, adaptation strategies, and 

the role of traditional knowledge (Gyampoh et al., 2009; Naess, 2013; Boafo et al., 2016; Ubisi 

et al., 2019; Sullo et al., 2020). While other research has examined the factors influencing 

adaptation choices and mainstreaming traditional knowledge into policy (Atanga et al., 2017; 

Basdew et al., 2017; Mantyka-Pringle et al., 2019; Yeleliere et al., 2023). However, these 

studies often exclude the perspectives of policy actors at both local and national levels, 

despite their crucial role in shaping adaptation policies. 

Recent findings indicate that in Ghana, policymakers often undervalue the role of traditional 

knowledge in climate action (Leal Filho et al., 2021), leading to its limited inclusion in policy 

frameworks, especially in agriculture and rural development (Yeleliere et al., 2023). This 
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points to a significant gap in literature. Bridging the knowledge and experiences of 

smallholder farmers with the perspectives of policymakers could enhance the relevance and 

impact of adaptation policies, encouraging stronger local engagement and more effective 

climate action. 

Thus, the goal of this study is to identify and compile the traditional knowledge used by crop 

farmers specifically in planning for adaptation to climatic variations, its influence on farming 

activities, and how it is used in relation to‘ scientific ’methods.  

Specifically, this study aims to: 

1. Determine the farmer-level information on the degree of observed and perceived climate 

changes and extreme climate variations.  

2. Identify manifested climate impacts on farming practices in two selected agro-ecological 

zones.  

3. Determine the various adaptation strategies used by farmers. 

4. Outline the traditional knowledge used and how it augments the use of scientific methods 

in adaptation to climate variabilities.  

5. Explore how this knowledge could best be mainstreamed into policy.  

1.9 Research Questions   

The research questions are:  

a. To what extent are local farmers aware of climate variations in their agricultural 

zone?  

b. What strategies are farmers employing informed by traditional knowledge to adapt to 

these climate variations?  

c. Which combined strategies have become a regular practice used by farmers?  

d. Is there a plan to mainstream and institute traditional knowledge in policy at both the 

district and national levels? If not, what are the barriers to this and how could they be 

overcome? 
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1.10 Rationale   

The expected societal impacts are: 

i. Stimulate more research into various traditional knowledge structures used 

by subsistence crop farmers in selecting adaptation strategies to combat climate 

change effects locally to enable mainstreaming into policy.  

ii. Initiate further research by both academics and non-governmental organisations as to 

why the traditional knowledge used in farming practices is successful or not.  

iii. Enable local agricultural extension officers to tailor their interventions from an 

informed position.  

iv. Provide a source of information for policy makers in their bid to bridge the gap 

between traditional knowledge and scientific methods in policy formulation.  

1.11 Conceptual framework  

Smallholder farmers ’perception of changes in their environment is recorded in literature to 

influence how they interpret the effects of the changes on their farming activities and 

livelihood in general. Experience-based perception forms the basis for planning and 

strategizing for coping and adapting to climate change and extreme weather conditions. Other 

factors such as media information on climate change and extreme weather, access to weather 

information and access to extension services could result in changes in perceived or observed 

situations leading to changes in livelihood choices.  

Changing climate conditions have long been part of smallholder farming requiring continuous 

incremental adjustments to farming practices to adapt to these changes resulting in 

accumulation of knowledge and expertise over time. The accumulation and transmission of 

social norms, belief systems and tactical knowledge through social learning forms the 

traditional knowledge system transferred orally generationally. This orally transferring of 

knowledge and hand-on practices enable farming communities to undertake incremental 

adjustments to cope with changing environment and climate. This is expected to lead to the 

transformation of the system’s ability to adapt to the changes. However, the era of human-

induced climate change has led to rapid environmental changes such that farmers have been 
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adopting science and traditional technologies to combat climate change and extreme weather 

conditions.  

Mainstreaming TK into climate change adaptation policy framework has been proposed by 

experts for climate change adaptation since science simulation models alone are not able to 

combat climate vagaries in different ecological zones. Thus, requiring tailored measures to 

build the adaptive capacity of systems most especially in developing world which are beset 

with low adaptive capacity. Mainstreaming is to allow the integration of traditional knowledge 

and science knowledge systems to coproduce knowledge in framing adaptation and mitigation 

framework for specific agro-ecological zones employing multi–stakeholders. This is expected 

to result in social learning that could enhance social-ecological adaptive capacity with 

resultant resilience of systems to climate and extreme weather impacts and livelihood 

transformation. 

Utilizing literature, the study highlights the perceived and observed changes and climate 

impacts of smallholder farmers, linking these observations to farmer management choices on 

coping and adaptation to climate and extreme weather events. Based on farmers’ initiatives 

in combining both traditional and science technologies, the study explores the views and 

perception of other stakeholders on mainstreaming traditional knowledge into agricultural 

sector policy. Focusing on policymakers and influencers national and local on how the strategy 

for the integration of knowledge should be done to achieve social learning forming basis for 

collective or individual actions in adapting to the changing climate. Coupled with the 

anticipated barriers that may hinder the success of the process. This is visualized in Figure 1.2. 
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Figure 1.2: Conceptual framework 
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1.12 Ethics of the study 

To identify and address appropriate ethical issues, approval was sought from Manchester 

Metropolitan University’s Ethics Committee in accordance with the University’s ethics policy 

before the commencement of primary data collection for this study. Two major themes could 

be drawn from the ethical guidelines for this study. Firstly, scientific research has the potential 

to create and cause harm to participants. Secondly, the research must aim to provide benefits 

to the participants. As the sole responsibility lies with the primary researcher to identify the 

potential risk associated with the study, providing strategies to prevent harmful practices and 

ensure potential benefits that will accrue to the individual and society (Orb et al., 2001). As 

such care was taken for human dignity, care for human welfare, consideration of both 

emotional and legal risk, and informed consent of respondents.  

Thus, confidentiality of participants was ensured in terms of data processing and storage. 

Participants were informed about the purpose, methods, intended use, and storage of the 

information or data collected from them. Participants were made fully aware of their 

voluntary participation; as such, they could withdraw their participation anytime without 

obligations. Discussions on timelines were held with participants to ensure that the interview 

schedule did not pose any physical discomfort, distress, intrusion, or embarrassment to the 

participants. Another ethical consideration was using agreed upon terminologies in local 

dialect that participants will understand for the data collection. This helped to curb any 

discomfort that might have occurred from misunderstanding of the research topic by 

community participants.   

Since the first part of the data collection was done during COVID-19 restriction period, as such, 

both participants and researchers were at risk to exposure to COVID-19 infection, 

considerations were made to observe social distancing and wearing face masks by researchers 

and offering of face masks to participants as required by COVID-19 protocols. Customarily 

handshakes in greeting were abandoned and the reasons behind it explained to participants. 

The beneficial aspect of the research is the exchange of knowledge between researchers and 

participants. The researcher believed that ethically, farmer participants acquired an 

understanding and knowledge on why their farming methods were succeeding or failing 
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amidst rapidly changing environment due to promptings from questions answered while 

awareness of policy maker and influencer participants of the need to incorporate TK into 

policies were enhanced. The researcher, however, acquired the necessary information needed 

for the study (Ethical Approval Number is 33884). 

1.13 Overview of chapters 

An overview of the thesis is as follows: 

The first chapter introduces the thesis by presenting climate change and its impact on 

agricultural systems, emphasizing agriculture as mostly practiced in Africa. The chapter gives 

a brief introduction on smallholder farming and climate impact, traditional knowledge, and 

climate change adaptation, concepts on resilience, coproduction of knowledge and livelihood 

sustainability and mainstreaming of traditional knowledge into policy. Also, the chapter 

presents the statement of the research problem, goals, aims, questions the study is to answer, 

conceptual framework and ethics of the study and closes with the general overview of the 

chapters.  

The second chapter presents the general methodology used for the study, which is a mixed 

method, with both quantitative and qualitative phases given equal priority. The study area 

consisted of two agro-ecological zones, with four districts selected from the two zones. Forty 

communities were engaged, ten from each district for the quantitative phase; eight focus 

group discussions with in-depth interviews were held for the qualitative phase in two 

communities in each district.  

The third chapter assesses the perception and observation of climate change by farmers 

which have impact on their agro-ecological zone and livelihoods. This chapter examines how 

farmers perceive climate change, what factors cause climate variations, and their effects on 

farming activities. It also looks at how smallholder farmers access, interpret, and use weather 

information to counter climate impacts.  

Chapter four assesses how smallholder farmers combine traditional and scientific 

technologies to adapt to climate change in their agro-ecological zone. The chapter uses two 

binary logistic models to determine factors that influence decision-making in adoption for 

land and crop management adaptation. 
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The fifth chapter examines how traditional knowledge could be mainstreamed into policy 

from the perspective of policymakers. Both national and local governments are aware of 

existing climate change policies, climate impacts in local communities, and how smallholder 

farmers adapt to climate change impacts using traditional technologies. The chapter discusses 

the possibilities of mainstreaming traditional technologies into policy, and the perceived 

barriers that may be encountered.  

The last chapter provides general conclusions of the studies, assessing whether the initial 

aims and research questions were achieved and answered. Recommendations and areas for 

further studies are also elaborated. 
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Chapter 2 

Methodology 

The thesis adopted an approach where the study's objectives were converted into chapters 

under which each data set was presented and discussed chapter by chapter. 

2.1 Research Design  

2.1.1 Mixed method research  

Mixed method research employs quantitative and qualitative methods in a single or multi-

phased study (Tashakkori & Teddlie, 1998) at all or many research stages, including sampling 

strategies, data collection and analysis, synthesis of findings, integration, and reporting 

(Creswell, 1995). Data collected, analysed, and synthesised might be numerical or 

textual/visual/multimedia in nature. Tashakkori and Creswell (2007: p.4) define ‘mixed 

method to be a single research or programme of inquiry that the investigator collects and 

analyses data, integrates the findings, and develops conclusions utilising both qualitative and 

quantitative techniques or methodologies.’ However, to Johnson et al. (2007), the definitions 

proposed by the field's leaders have varying degrees of specificity, with the majority implying 

that what is mixed is quantitative and qualitative research, while some also include historical 

research in addition to the two paradigms already mentioned. Tashakkori and Creswell (2007) 

took into consideration how mixed methods can be found at different research stages. 

However, within the research paradigm mixing was referred to by other writers with some 

definitions specifying when or at what level of study that the mixing occurs. For instance, 

according to Tashakkori and Teddlie (2010) mixed methods research, mixes both qualitative 

and quantitative methods within a single study or in multiple phases of a study in the full 

process of research that include logical assumptions, research design, methods of data 

collection and analysis, and the interpretations of results. 

2.1.2. Concept of integration in mixed method design 

Recent proponents such as Plank Clark (2019:108) intimated that integration is the centre 

piece of mixed methods research where qualitative and quantitative parts of the study are 

mixed throughout the stages of the research processes. Creamer (2018:12) in defining fully 
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integrated mixed method research stated there should be the intent to blend or integrate the 

qualitative and quantitative parts of study throughout each of stages or phase of the research 

process. This makes the distinctive quality that differentiates mixed method research from 

other studies. Integration could be viewed as the product of mixing, merging, connecting, and 

building qualitative and quantitative strands, such as mixing several types of data, and building 

a qualitative phase based on the results of an initial quantitative strand (Zhou & Wu, 2022). 

Fetters and Molina-Azorin (2017:293) introduced the concept of integration sequence as ‘‘an 

overarching concept that includes all dimensions (philosophers, ethicists, methodologists, 

applied researchers, and other academicians) consider a meaningful way for mixed methods 

approaches at the philosophical, methodological, and methods levels to inform an all-

encompassing approach”.  

Meanwhile, Teddlie and Tashakkori (2009), write that the study could utilize diverse designs, 

such as convergent, parallel, concurrent, sequential, and embedded designs. The designs 

used vary depending on the relative priority given to the qualitative and quantitative data. 

For instance, exploratory studies usually privilege qualitative data as little is known. However, 

explanatory studies which seek complementarity often prioritize quantitative data (Andrew 

& Halcomb, 2006). Also, mixed methods design varies at the integration point of the 

qualitative and quantitative data and such integration can happen at any point in the research 

process. For example, various philosophical approaches can be used to underpin the study, 

research questions can include both qualitative (why?) and quantitative (how often?) 

questions. Data collection can combine open-ended questions which collect narrative data 

and rating scales, or data analysis can cross tabulate themes and participant demographics 

(Andrew et al., 2008). According to Johnson (2017) and Schoonenboom and Johnson (2017), 

there is no single way to conduct mixed methods research, but mixed method studies share 

a common goal to produce robust and relevant conclusions. For complex research such as 

implementation studies, mixed methodology can explore a diversity of views and achieve 

results that increase contextual understanding and at the same time are generalizable to 

other settings. Additionally, mixed method research can draw from a variety of methodology 

and philosophical stances and combine to provide guide and build appropriate research 

process (Martel et al., 2022) since all research is underpinned by a set of assumptions about 

the nature of reality (ontology), theories about the nature of knowledge (epistemology), and 
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the best way to go about increasing knowledge (methodology). Combined with the values of 

the researcher (axiology), these research paradigms influence the method and the design of 

the study (Zachariadis et al., 2013). 

Limitations such as uncertainty in design due to the complexity of research needs require 

researchers to expand their research skills and experiences. Learning about new research 

methods and techniques to be qualified to conduct both parts of research (Yu, 2012; Molina-

Azorin, 2016; Fetters & Molina-Azorin, 2017b).  

The need for extensive data collection, for example, data collection in sequential design takes 

longer to complete (Halcomb & Andrew, 2009; Molina-Azorin, 2016). Additionally, the time-

intensive nature of analysing both text and numerical data are some of the challenges 

associated with mixed method approaches. 

This study used a mixed method approach to quantify and give detailed observations and 

strategies of smallholder farmers in describing climate impacts on their livelihoods. Johnson 

et al. (2007) described mixed method as an approach which involves using more than one 

approach or technique of design, data collecting, or data analysis within a single programme 

of study, with integration of the various approaches or methods taking place throughout the 

programme of study, rather than simply at the end. The method allows the research to explore 

new ideas that are not well comprehended, when findings from an outcome could well be 

explained by another source of data, when neither method (quantitative or qualitative) could 

be used to fully explain the concept under study alone, or when the quantitative results are 

such that qualitative data will help interpret and infer better (Creswell & Plano Clark, 2007). 

To explain and assign meaning to reasons behind farmers' choices in adopting techniques and 

strategies to adapt to climate change, the research required the use of mixed methods to 

allow for various designs. Also, the understanding of the complex experiences of farmers' 

perception of climate impact, its influence on management decisions, and the complexity of 

mainstreaming in policy-making, necessitate the intentional integration of quantitative and 

qualitative data in a mixed method research approach to maximise the strength and minimise 

the weaknesses of quantitative and qualitative methodologies (Creswell et al., 2011; 

Doorenbos, 2014) enabling an in-depth understanding of perspective of stakeholders making 

the mixed method approach appropriate for the study to achieve its aims and objectives.  
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Thus, the study is based on pragmatism since it is seen as the best philosophy suited for the 

combination of quantitative and qualitative methodologies in one study (Creswell, 2009; 

Maarouf, 2019). A sequential design involves qualitative and quantitative data being collected 

separately, with the findings from one data type collected providing a basis for the collection 

of a second set of data (Moline-Azorin, 2016). The study adopted Creamer’s (2018) multi-

phase sequential design in the collection of data. The quantitative data collected informed the 

type of data collected from the qualitative phase, clarifying certain findings, and meaning 

behind decisions of adoption by farmers. Also, integration was done throughout the research 

process – data collection, interpretation, analysis, and presentation of results (Creamer, 2018; 

Plank Clark, 2019; Zhou & Wu, 2022). 

2.2 Data analysis  

The data analysis was done using Predictive Analytical Software (formally SPSS 26) and NVivo 

14 software to support coding of variables for both quantitative and qualitative data. Codes 

are short phrases or words that were assigned to parts of the data to capture the data’s core 

message, significance, or theme. This step simplifies complex textual data by transforming it 

into a theoretical form and assisting in identifying elements related to the research questions 

using keywords identified in the data (Saldana, 2016; Naeem et al., 2023). Creswell (2015) 

asserted that coding is needed to break down dense textual data without which much time is 

required to go through to make sense of.  

For the quantitative data, appropriate statistical analytical tools such as logistic regression, Chi 

Square test, non-parameter test statistics and cross tabulation were used. From frequency 

tables, themes generated from the unstructured questions were presented graphically for 

analyses. The interpretation of the findings was done through contextualization of concepts 

within existing research papers (Morse, 2016). 

The qualitative data was first coded manually, and themes generated before transferring to 

NVivo version 14 software to support another coding and generation of themes for the data. 

The computer-aided analysis made it easier to detail the steps in the development of the 

interpretation and analysis. This makes it possible for the reader to re-trace the logical steps 

of the development and the basis for the conclusions of the study (MacLaren & Catterall, 

2002). Also, effective documentation of the process enhanced transparency and rigour of the 
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analysis process which facilitates replication of the study (Fielding & Lee, 1998). A deductive 

thematic analysis was applied for pattern identification and theme development guided by 

the theories and framework formed from the results of the quantitative phase (Braun & 

Clarke, 2006) for the interviews and focus group discussions. Since the interviews and focus 

group discussions were aimed to confirm the results from the quantitative phase and drawing 

out new ideas (Saldana, 2016). The voice data were transcribed, and researcher triangulation 

was used to verify the result of the script produced to fill in gaps. This was added to the written 

scripts made during the interactions, thus increasing the validity of the data collected 

(Burnard, 1991; Graneheim & Lundman, 2004). Community interviews and focus group 

discussions were conducted in the local dialects of the respondents using an interpreter, while 

the responses were written down in English during the sessions. 

Secondary data analysis was through qualitative direct content analysis of the policy 

documents and district development plans manually by reading the documents with 

keywords or indicators such as traditional or indigenous knowledge or climate change (Hsieh 

& Shannon, 2005). The search covered strategies captured in the documents for adaptation 

of climate change from traditional knowledge alongside scientific methodologies. Weather 

data collected from Ghana Meteorological Services from the two agro-ecological zones were 

transferred into Microsoft Excel 2010 for graphical representation for interpretations.  

2.3 Study zone 

For this study, four districts were selected from the Sudan and Guinea savanna agro-ecological 

zones after a predetermined criterion (exposed to climate anomaly- drought) have been used. 

The inclusion criteria for the study districts that have been predisposed to climate and 

ecological change risks and abnormalities (temperature change; change in rainfall pattern; 

longer dry seasons). Kassena Nankana East Municipality, Kassena Nankana West, Bole and 

Sawla Tuna Kalba (STK) districts in the northern part of Ghana (Figures 2.1 & 2.2) were selected 

with additional characteristics to the criterion set. The districts were selected due to their 

similar characteristics such as highly vulnerable to climate and ecological changes due to their 

semi-arid physical characteristics and climate (Boafo et al., 2016; GSS, 2010); uni-modal 

rainfall pattern compared to the bi-modal pattern experienced in rest of Ghana (Aniah et al., 

2019). 
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Additionally, the districts are mostly rural communities that depended on local systems to 

meet their livelihood needs (Boafo et al., 2014). Furthermore, the selection drew on 

preexisting connectivity of the districts with the view to check if traditional knowledge 

transferred orally (Wasti, 2023) has been adhered to over time. Another criterion checked for 

information from previous studies made on mainstreaming of traditional knowledge in 

climate change adaptation into development planning in the study districts (Mankodo et al., 

2014).  

Lastly, consultation and advice were sought from Agricultural Officers from MoFA in the 

northern regions based on the goals and objective of the studies (Antwi-Agyei et al., 2019).  
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Figure 2.1: Map showing the study districts of Guinea savanna zone in relation to Ghana and Africa.  
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Figure 2.2: Map showing the study districts of Sudan savanna zone in relation to Ghana and Africa. 
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2.4 General characteristics of the study zones 

The savanna agro-ecological zones of Ghana comprise the Upper East, Upper West, North-

East, Savanna, and the Northern Regions in the northern part of Ghana. The zone is divided 

into two, namely the Guinea and Sudan Savanna zones, controlled by the rainfall amount and 

distribution (Figures 2.3). They are known to be highly vulnerable to climate and ecological 

changes due to their semi-arid physical characteristics and climate (Boafo et al., 2016). The 

zone is warmer than the rain forest of Ghana, with a uni-modal rainfall season between 600 

and 1500 mm annually, accompanied by pronounced drought from late November to early 

March (Aniah et al., 2019). On average, the northern savanna ecological zones experience an 

annual rainfall of 1,100 mm compared to 1,300mm, 1,500mm and 2,200mm in the 

transitional, deciduous forest and rain forest belts, respectively (Dietz et al., 2004; 

Acheampong et al., 2014; MoFA, 2016). With projections of longer drought periods and 

shorter rainy seasons, as well as temperature change ranging from 0.60C in 2020 to 4.00 C in 

2080, there is an expected decrease in total rainfall from 1.1 % to 20.5 % from 2020 to 2080 

across the agro-ecological zone (MESTI, 2015). Undoubtedly, this will deepen the erratic 

climatic patterns in the zone, making it the region most vulnerable to climate variations 

compared to other parts of Ghana. Also, the savanna zones have the highest poverty rate in 

the country, characterised by low income, malnutrition, ill-health, illiteracy, and economic 

insecurity), with levels ranging from 44.4 % to 50.4 % (Cooke et al., 2016; GLSS, 2018). Most 

of the population in the savanna regions live in rural communities, leading to a high reliance 

on local systems to meet their livelihood needs (Boafo et al., 2014). Most of the population 

(78 %) also depend on rain-fed agriculture, which is a blend of crop farming with livestock 

raising (GSS, 2014), with crop farming systems traditionally utilising hoes, organic fertilizer, 

and slash-and-burn, although gradual modification, such as use of tractor or animal-driven 

implements for clearing of land and application of inorganic fertilizers, is now being witnessed 

across the region (GSS, 2014). The predominant cropping system is the cereal-root crop 

“mixed cropping system,” which is a combination of cereals, leguminous and root crop species 

(Callo-Concha et al., 2012). However, a slight difference occurs between the two zones. The 

cropping systems of the Guinea savanna zone have cereals, leguminous and root crop 

combination, while the Sudan savanna zone has cereals and leguminous crops in combination 

with dry season vegetable cropping.
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Figure 2.4: Description of name of district, geographical location, weather pattern and main livelihood (agriculture) 

  

 

 

 

 

  

 

 

 

 

 

 

 

District 

Sawla/Tuna/Kalba 

District  

Located: 9 o 17'0'' N, 2o 

25' 0'' West.    

 

Area 4,227 km2. 

Rainfall pattern: Rainy season June–October. Annual rainfall 

between 1000 mm – 1500 mm. High temperatures: about 36°C 

to 38°C, March–April.  
Low temperatures: (about 28°C to 30°C) November–February 

(Harmattan period). 

97.1% households are 
engaged in crop farming. 
91.6 % of rural households 
engaged in agriculture 
production. 

Bole District 

Located: 8o10.5' and 09' 

North, 1.50E' and 2.45 ’

West.  

 

Area is 6,169 km2.  

95% households are involved 
in crop farming. The rural 
localities have 71.1 % 
households engaged in 
agriculture production.  

Rainfall pattern: Rainy season June–October. Annual rainfall 

between 1000 mm – 1500 mm. High temperatures: about 36°C 

to 38°C, March–April.  
Low temperatures: (about 28°C to 30°C) November–February 

(Harmattan period). 

Located 10.97° North, 

01.10° West.  

Area 1,004 km2.  

Rainfall pattern: Rainy season June–October. Annual rainfall 

between 950 mm. High temperatures: about 36°C to 38°C, 

March–April.  
Low temperatures: (about 28°C to 30°C) November–February 

(Harmattan period). 

98.2% households involved in 

crop farming.  

In the rural localities, 93.4% 

engaged in agricultural 

production.  

Located 11°10' and 10°3' 

North and 10°10' West.  

Area is 767 km2. 

Rainfall pattern: Wet season: May to Oct. Average annual 

rainfall: 950 mm. Night temps: 26°C–28°C. Dry Season: late Nov 

to early March.  

Rainfall is entirely absent. Day temps are high, recording 42° C 

(Feb and March). Low temperatures 18oC. 

96.1% households are 
involved in crop farming.  
93.1% rural households are 
agricultural households.  
 

Geographical 

Location 

Weather Pattern Agriculture      

Kassena Nankana Municipal 

Kassena Nankana West 

District 

Source: GSS 2014: 2010 Population and Housing Census Analytic Report 
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2.4.1 Selection of communities 

Twelve communities were selected from each district for the study (Table 2.1). In this study's 

context, the community refers to a group of local people who live and interact daily. The 

twelve communities were chosen because they share characteristics that could be researched 

in line with the goal of the study: (1) shared borders and similar livelihood activities that 

should have been or is being exposed to some sort of climate anomaly (particularly shorten 

rainfall and long dry seasons) (Antwi-Agyei et al., 2019; Anial et al., 2019); (2) substantial 

dependence on the local ecosystem to meet both primary and secondary livelihood needs 

(GSS,2014) and (3)  easily accessible by transport [poor road networks are patterns in the 

northern region in general (GSS, 2010)] and the community must be prepared to partake in 

the study during its entire period (Anial, 2019). The selected communities were between 5 

km and 10 km apart, making them easily accessible for the study. To have a wider spread of 

respondents, the communities for the qualitative phase were different from the ones for the 

quantitative phase. This is to give additional data and meaning to some findings, and to verify 

information from the first phase. The community selection was done in consultation with 

agricultural officials from the study zone, through a biased selection method, with inferences 

from the characteristics of the ecological zone according to reviewed literature (Antwi–Agyei 

et al., 2019). 

Table 2.1: Districts and names of selected communities in northern Ghana, two agro-ecological zones 
for data collection activities for questionnaire administration, in-depth interview and focus group 
discussions. 

 
District 

Names of communities 

Communities for administering of 
questionnaires 

Communities for focus 
group discussions and 

interviews 

Kassena Nankana 
Municipality 

Akurugu, Daboo, Janania, Kongwani, Korania, 

Nangalikenia, Nayagnia, Nyangua, Upper Gaane 

and Vunania. 

Kologu and Korania  

Kassena Nankana 
West District 

Baduno, Chiana Asunia, Chiana Sabonia, 

Kakungu, Katiu Asasong, Mirigu Tikongo, Mirigu 

Woligum, Navio Sanwo, Nyangania and Paga. 

Mirigu Go and Nania  

Bole District Bale, Goli, Gbogdaa, Kiape, Kilampobile, 

Kpanyir, Lamporga, Mandari, Mankuma and 

Seripe. 

Chache and Horiyiri 

Sawla Tuna Kalba 
District 

Blema, Digizie, Guruyiri, Jentilpe, Koonaar, 

Muiyiri, Muona, Nakpala, Nyange and Yorlyiri. 

Bodi and Sanjeri 
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2.4 Sampling  

The research used both probability and non-probability sampling methods. The probability 

methods were systematic and stratified sampling while the non-probability method was 

snowballing. In the probability sampling methods, the rule of probability applied ensuring 

every member of the selected population has equal chance of selection. The selected sample 

is a representative of the population, and the researcher can generalize the findings to the 

entire population (Naderifar et al., 2017). The farmer participants were systematically 

selected and to ensure representation, community members from age 25 years and older, as 

age is seen as a proxy for experience acquired in traditional practices in farming (Kibue et. al., 

2015). Also, the study assumed that they have heard, observed, and experienced the use of 

traditional methods in farming for sufficient years to contribute meaningfully to the project. 

The key informant interviewees were purposefully selected using stratified sampling based on 

their position in the community or profession (district assembly members, district planning 

officers, district agricultural officers, development partner representatives and members of 

parliament) using quota sampling (Wasti et al., 2023).  

The non-probability sampling used snowball sampling. Snowballing is a convenience sampling 

method applied when the targeted subject is difficult to reach. The existing study subject 

recommends future subjects among their networks (Parker et al., 2019). According to Polit-

O’Hara and Beck (2006) snowballing referred to as ‘chain method’ is efficient and cost-

effective to access people who would otherwise be exceedingly difficult to find. The first 

respondents referred as ‘seeds’ recommend others in their circles to the researcher as 

potential participants resulting in a chainlike reaction until data saturation (Wasserman et al., 

2005; Parker et al., 2019). Some merits of the technique are often shortened time and 

diminished cost regarding gathering of participant group of sufficient size and diversity 

through recommendation (Naderifar et al., 2017). Wasserman et al. (2005) noted that 

participants can easily be identified based on set criteria and that the development of cultural 

competence and trust among potential participants enhances engagement. However, since 

the sampling depends on an initial small group of contacts, the research is at risk of becoming 

distorted at the onset of the research process (Parker et al., 2019). There can be ethical 

concerns if participants feel pressured to recruit others or if sensitive topics are involved. The 

dependence on the initial participants means the quality and diversity of the sample solely 
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depended on them which may result in skewed sample if care is not taken in the 

recommendation process (Wasserman et al., 2005).  

The study chose snowball sampling for the collection of data for members of parliament 

respondents after utilizing parliamentary procedures to engage select committee members 

without success making them fall under the difficult to reach category group using ordinary 

random sampling. The research used multiple entry-points (three seeds) as the initial 

respondents obtained from researcher’s network to ensure sample is not skewed and help to 

reduce bias arising from using a single entry-point (Geddes et al., 2017). Each seed then 

recommended future participants to be contacted ensuring diversity and quality among the 

respondents. Also, the different initial seeds used served to incorporate anticipatory 

compensation for the potential imbalance in the recruited sample (Salganik, 2006). Data 

saturation was determined when no new information was added to the data when no new 

recruits were achieved (Parker et al., 2019).  

2.4.1 Sample size 

The quantitative phase of the study was based on a sample size calculation at a 95 % level of 

confidence (Daniel, 1999), with population projection figures from the four districts for ages 

25 to 80+ years (GSS, 2020). A sample of 400 respondents were involved, based on the 

calculation, to ensure the validity and reliability of the findings’ generalisation. A total of 100 

respondents completed the questionnaire from each district from the two agro-ecological 

zones. Using the population (Table 2.2) from the four districts, a sample calculator for finite 

population correction was used to calculate size. 

Table 2.2: Population figures for 2020 projected population by age in four districts in two agro-
ecological zones in northern Ghana 

Age Group 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79 80+ Total 

Bole 
District 2,792 2,319 2,069 1,732 1,283 1,123 709 715 416 577 286 425 14,446 

Sawla 
Tuna Kalba   2,615 2,218 2,078 2,090 1,794 1,846 1,154 1,504 806 882 497 811 18,295 

Kassena 
Nankana 
Municipal  4,793 3,700 3,099 2,485 2,256 2,084 1,421 1,417 891 1,041 803 769 24,759 

Kassena 
Nankana 
West 3,132 2,546 1,999 1,758 1,458 1,359 856 959 652 928 655 665 16,967 

Grand Total 74,467 

Source: Ghana Statistical Services - Projected population by age, sex, and district, 2020 
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Using the Sample Size Calculator with the formula for finite population correction: 

n = z2 * p * (1 - p) / e2 

n (with finite population correction) = [z2 * p * (1 - p) / e2] / [1 + (z2 * p * (1 - p) / (e2 * N))] 

Where: 

n the sample size, 

z is the z-score associated with a level of confidence, 

p is the sample proportion, expressed as a decimal, 

e is the margin of error, expressed as a decimal, 

N is the population size. 

Confidence level   95 % 

p-value   0.5 

error   0.05 

alpha divided by 2  0.025 

  Z-Score 95 %   1.96 

Sample size   382.17 ≈ 400 

The sample size was approximated to 400 to give an equal number of participants of 100 in 

each district. The study therefore selected ten communities per district and ten participants 

each within a community for the quantitative phase.  

The qualitative phase had 151 participants from eight focus group discussions (Table 2.3), 

eight in-depth community interviews, and 26 interviews with policymakers/influencers 

(district assembly members, district agricultural division officers, parliamentarians, NGO 

representatives and district planning officers) giving a total of 185 participants. Apart from the 

parliamentarians, all the others were drawn from the district level within the study area. The 

selection of community elders/opinion leaders was done in consultation with assembly 

members of the electoral area.  

https://goodcalculators.com/z-score-calculator/
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Table 2.3: Table showing district, community, and total participants for each focus group discussion 

District/Municipality Community Number of participants  

Guinea Savanna zone 

Bole  Chache – Men focus group 15 

Horiyiri – Female focus group 19 

Sawla Tuna Kalba  Bodi – Men focus group  15 

Sanjeri – Female focus group 26 

Sub-total 75 

Sudan Savanna zone 

Kassena Nankana 
Municipality 

Kologu – Men focus group 12 

Korania – Female focus group 19 

Kassena Nankana Nania – Men focus group 13 

Mirigu Go – Female focus group  32 

Sub-total 76 

Grand-total 151 

 

The elders and opinion leaders are distinguished, and influential (third parties) members of 

the community adjudge such by their years of service to the community or career (Elias et 

al., 2020) though, by definition (these category of community members can be classified as 

“gatekeepers” [(described as individuals, groups or organizations that act as intermediaries 

between researchers and participants and have the power to directly or indirectly facilitate or 

inhibit researchers ’access (De Laine, 2000; Mandel, 2003; Wasti et al., 2023)]. The study used 

this category of community members as part of the respondents and their acceptance to 

participate gave extra credence to the study within the communities. 

First, a list of categories of potential study participants as key informants (assembly members 

of electoral area of a study community; planning officers of the participating districts; 

development partners operating within the districts; agricultural officers of the participating 

districts and members of parliamentary select committees on environment science and 

technology and food agriculture and cocoa affairs) was made and quotas were set for these 

categories (Larkin et al., 2014; Wasti et al., 2023). However, the category set to include 

parliamentary select committee was abandoned when several attempts to get access to them 
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through official channels as required by parliamentary procedures failed. The research then 

changed and used the snowball approach to reach this category of interviewees.  

2.5 Data collection  

The study used a quantitative and qualitative mixed method approach. Using Creamers ’

(2019) classification system of the mixed methods models, the study adopted a multi-phase 

design for the collection and analysis of the data, giving equal priority to both quantitative 

and qualitative components. Primary data collection for the quantitative phase was done 

using a mixture of both closed and open-ended questions in one questionnaire.  

This ensured that respondents assigned reasons to certain choices in their adaptation method 

for their perceived or observed climate changes, enriching the development of the themes 

for the second qualitative phase. The qualitative phase used guides for both focus group 

discussions and in-depth interviews, developed from findings based on the quantitative phase 

and the literature review. To create a conducive environment (inclusive and equality) for the 

focus group discussions, physical seating arrangement was circular (Elias et al., 2020). 

The secondary data were rainfall and temperature data over a ten-year period from two 

meteorological stations from the two agro-ecological zones of the study, extracts from the 

Ghana Food and Agriculture Sector Development Strategy II, Ghana Climate Change policy 

document, and districts ’medium term development documents. Table 2.4 gives a summary 

of questions and data collection methods used.  

Table 2.4: Description of summary of questions and data collection methods 
Research question Data collection method 

To what extent are local farmers aware of climate variations in their 

operating zone over a ten-year period? 

Questionnaire  

FGDs 

One-to-one interviews 

What are the observed or perceived impacts of climate on smallholder 

farming and livelihoods?  

Questionnaire  

FGDs 

One-to-one interviews 

What strategies are employed by farmers to adapt to weather variations 

informed by traditional knowledge? 

Questionnaire  

FGDs 

One-to-one interviews 

Questionnaire 

One-to-one interviews 

Is there a plan in mainstreaming and institutionalization of traditional 

knowledge in policy at both district and national levels? 

One-to-one interviews 
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2.5.1. Study Instruments 

2.5.1.1 Questionnaire 

Through the literature review based on the aims of the study, the questionnaire was 

developed to elicit information from the participants on their perceived or observed climate 

impacts in the local community and the strategies employed to combat them. The 

questionnaire (Appendix 8.1) was divided into sections, as follows: 

a. Perceived and observed changes in climate.  

b. Strategies adopted to combat the impacts of changing climatic conditions.  

c. Information on the land and soil management practices and strategies, crop management 

and cropping systems used. 

d. Access and use of weather information.  

e. Accessing groups and extension agents in training and their impact on their farming 

activities. 

f. Access to land use, in anticipation and in response to changing climatic conditions.  

g. Biographical details.  

2.5.1.2 Focus group discussions (FGD) and interview guides  

The FGD guide was developed from the result from the quantitative phase, mostly to confirm 

and clarify some findings. The FGD guide had three sections (Appendix 8:3):  

a. Observed climate change impacts. 

b. Perceived changes in weather and climate impact.  

c. Perceived threats or risks to their livelihoods and environment.  

The interview guides were of two kinds, one for community engagement and one for 

policymaker interviews. The guide for policymakers addressed: 

a. Awareness of climate impact on the community and techniques employed by 

smallholder farmers. 
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b. Awareness of climate change policy documents, content, and relevance to their 

responsibilities. 

c. Views on whether smallholder farmer techniques based on traditional knowledge 

should be mainstreamed into policy, and perceived barriers (Appendix 8.2). 

2.5.2 Quantitative phase data collection 

The quantitative data was collected using an offline survey software from Lighthouse Studio 

9.12.1. The questionnaire was developed with both closed and open-ended questions, giving 

respondents options and multiple-choice selection when required.  

2.5.2.1 Maximum difference item scaling (MaxDiff) 

The study utilised Maximum Difference item scaling (MaxDiff) technique in Sawtooth software 

for the simulation of respondents’ strategic preferences in their farming methodologies in 

adapting to climate change variabilities. Although there are equally good scaling techniques, 

MaxDiff offered better scaling than standard rating or ranking exercises, and it was easy for 

respondents to answer the questionnaires compared to other methods. Also, MaxDiff had a 

fixed design that supported paper-and-pencil interviewing, an important feature that suited 

the remote research area, in the case of technology failure during the data collection. The 

MaxDiff scale allowed the respondents to evaluate 4 or 5 attributes to select the least and 

most preferred choices. 

2.5.2.2 Training of research assistants  

A day of training research assistants (Godfred Koio Kansake and Anthony Adonis Asagre, 

master’s students from the C. K. Tedam University of Technology and Applied Sciences, 

Navrongo, Ghana) who are natives of the study communities. The research assistants were 

recommended by a lecturer from the mathematics department of their university after a 

discussion on the data collection activities and on the aims of the study. They were 

recommended because they had recent experience in national census data collection activity 

using local dialect after undergoing training within the research zone. In addition, the 

assistants’ local knowledge of the terrain for the study engagement, a logistical consideration 

which cost effectiveness, proved favourable to employing a professional interpreter or 

assistants from the UK. The training for the assistants were accomplished via Microsoft Teams 
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to address the collection of data and discuss the use of common local terms for the 

explanation of certain terminologies, to provide consistency in the data for easy 

transcription/interpretations. Furthermore, the assistants were taken through the ethics 

document on how participants are to be treated during interaction to ensure that they were 

comfortable to participate with an understanding of their voluntary status and their right to 

withdraw at any time. To cater for positionality during the interactions, research assistants 

were reminded to convey to participants of their importance in the survey exercise despite 

the researchers’ presence in the community. The research assistants were also reminded to 

look out for females deferring (a culture practice by some communities) to male in public 

speaking as an aspect of gender positionality and ensure that interaction with females were 

not interrupted by their male counterparts. Where the situation cannot be helped, a new 

participant should be sorted for the engagement. A day before the actual data collection 

activity, the assistants were guided to use an app installed on Samsung Galaxy tablets. These 

assistants worked with the researcher throughout the field activities. 

2.5.2.3 Pre-testing of questionnaire 

Pre-testing of the questionnaire was done in July 2021 by two research assistants in two 

communities in the Sudan savanna zone. These assistants were selected as part of the study 

community with assistance from an agriculture extension officer. The resultant feedback was 

used to revise the questionnaire for the actual data collection. Revisions such as adding a few 

open-ended questions as follow-up to give more details e.g., Q41. The MaxDiff questions were 

added to the questionnaire. Also, the position of some questions was interchanged to create 

a logical flow that participants would understand. For example, Q17 was followed by Q19 after 

the pre-test result. Certain questions were re-phrased to make it clearer to participants (why 

it is or why is it not …. instead of if not…).  

2.5.2.4 Participants engagement 

The data collection took place between August 2021 and September 2021. The research 

assistants initiated the community entry. Obtaining consent for participation was done orally, 

after entering the community of prospective respondents and explaining the purpose of the 

study. The participants’ intention of participation in the study was interpreted as giving their 

consent before the start of the administration of the questionnaires.  
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2.5.2.5 Sampling  

The study employed a purposeful sampling technique by selecting respondents who are 25 

years and above in age since local knowledge is passed on from generation to generation 

(Basdew et al., 2017). Based on the minimum legal employment age of 15 years for children 

(Children Act 1998), the study design assumed that by 25 years and above a farmer would 

have learnt and experienced practices in their farming for at least a decade. A systematic 

approach was used in the selection of households as constituting a group of people who own 

the same productive resources, live together and feed from the same pot, according to Yaro 

(2006). The researchers randomly selected a house from one end of the community. The first 

selected house became the baseline survey household. Then, every fourth house was 

selected as a survey household to engage participants until we had the required number of 

participants. This ensured a geographical distribution of participants in the community; the 

fourth selected house did not follow a straight line but went in a haphazard direction. Also, a 

skipped fourth house due to unavailability of prospective participants further enhanced 

geographical distributions. The questionnaire took between 30 and 35 minutes per 

respondent, ten in each community and hundred in a district, adding up to four hundred and 

three respondents. 

2.5.3 Qualitative Phase 

The second phase of the study, the qualitative phase, is intended to give meaning and 

reasoning to the previously collected quantitative data in terms of quality, the different 

manifestations, the context in which they appear, or the point of view from which they can 

be perceived (Busetto et al., 2020). The data collection took place between May 2022 and 

June 2022. Both focus group discussions (FGDs) and in-depth interviews (IDIs) were used for 

the qualitative components of the research design since according to Hammarberg et al. 

(2016), in-depth interviews help understand a condition, experience, or event from a personal 

perspective.  

The FGDs were designed to fill gaps and give insight into “why,” “what” and “how” in the 

results obtained from the quantitative phase of the study. The FGDs were facilitated using a 

discussion guide to ensure that gaps and questions raised from the quantitative data collected 

were filled through consensus while taking on board additional information. The guide was 
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divided into three, based on findings from the first phase: observed weather changes (change 

in temperature–day/night/dawn); water conservation methods (irrigation types, soil 

management type, materials used for composting); cropping systems used and their impact 

(change in crop type, dietary change); experience with agricultural extension officers, how 

farmers perceive climate change (threat or risk) and expectations from NGOs and government 

(district, regional and national levels) as a response to climate change effects on their 

livelihood. As community elders are seen as custodians of traditional and local knowledge, 

IDIs were conducted with them to explore further the traditional knowledge used in farming 

and the ways in which they have been adapting to changing conditions even before human-

caused climate change era without any guide. 

The FGDs and community interviews were done through an interpreter (one of the research 

assistants) and responses translated into English for recording. The assistant, more 

conversant with the local dialect spoken within the community, did the interpretation for the 

day while the other took notes, pictures, and voice recordings of the meetings with the 

researcher dubbing facilitation and note taking.  

The IDI interviews with key informants/policymakers used an interview guide developed with 

information from reviewed literature on climate change and development planning in Ghana. 

The interviews were conducted in English by the researcher taking notes and recording at the 

same time.  

Mopping up phase was done between 16–20th October 2023 with four community meetings 

(one in each district) as feedback session to further refine the results compiled during the 

analysis for validation (Aniah et al., 2019). 

2.5.3.1 Sampling 

The selection for the communities for the focus group discussions and interviews of elders 

was done in consultation with district agricultural officials and assembly members (Antwi-

Agyei, 2019) to ensure that communities were different from the ones the quantitative date 

was collected from, giving a broader representation, and verified earlier findings by different 

sets of farmers. Two focus group discussions were held in each district: male and female 

group separately to create a more conducive atmosphere for women to speak freely during 

the discussion. This arrangement allowed sidestepping of a culture where women mostly stay 

at the background during discussions deferring to their male counterparts.  
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The sample of parliamentarians snowballed, as each interviewee gave the contact of a 

colleague (2.4). These colleagues were contacted to seek their participation until the number 

required was reached. Data collection used face-to-face interviews with local officials, while 

phone interviews were conducted with parliamentarians, since they preferred that over face-

to-face interviews. Most of the parliamentarians requested the interview guide prior to the 

interview to ensure that the contents were not politically sensitive. The interview took 

between 25 and 30 minutes in English, with notes and voice recordings made after the 

interviewee had consented. 

2.6 Data analysis  

The data was exported to Microsoft Excel 2010 for cleaning to ensure consistency. The cleaned 

data was then imported to Predictive Analytical Software (formally SPSS) version 26 to support 

coding of variables for analysis for quantitative data. The notes and recordings from the FGDs 

and interviews were transcribed, coded, and analysed with computed aided support from 

NVivo 12 (refer to section 2.2).  

Data from the structured questions from the quantitative data were analysed using logistic 

regression analysis and nonparametric tests (e.g., Mann–Whitney test, Kruskal–Willis’s test 

and Chi-squared test). Also, using frequency tables and percentages of themes formed from 

the responses generated from the unstructured questions. Frequency and percentages for the 

themes generated were presented graphically using Microsoft Excel 2010. The mean monthly 

data for rainfall and temperature collected from two meteorological stations in the research 

districts were graphically plotted using Microsoft Excel 2010 (Figure 2.3). Additionally, a 

MaxDiff preference scale was used to rate farmers ’preference for soil fertility improvement 

techniques and weather information delivery.  

 

 

 

 

 

 



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana – Ph.D. Dissertation                 47 

 

 

 

1.  

 

 

 

 

 

 

Figure 2.3: Descriptive summary of type of data and analytical tool for data analysis of the study 

 

For the qualitative data, major themes were identified through intensive content analysis from 

generated codes and indexing (Krippendorff, 2018). Structuring the themes allowed for 

putting responses into categories that enabled the identification of those that diverged from 

the common themes. The information from the focus group discussions, community key 

informant interviews and feedback sessions were used to triangulate any contradictions 

observed in the data from the quantitative phase. This ensured that threats to qualitative data 

validity and reliability are eliminated (Patton, 2014; Aniah et al., 2019). Also, some information 

was quantified and plotted using Microsoft Excel 2010 to give a better understanding of the 

findings. Some additional quotes were sourced from FGDs to enrich the data by selecting 

statements that aligned with themes formed from the generated codes (Yamba et al., 2019). 

2.7 Research limitation  

A limitation of the study was its reliance on stakeholder information (interviews) in line with 

data gained in the context of social studies, where individuals are sources of information. 

However, the perceptions of the participants are based on and influenced by firsthand 
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experiences and opinions, among other factors. Additionally, people remember what is most 

important to them, and this may be influenced by their occupation and experiences. 

Furthermore, people’s knowledge and responses change over time. The memory failure of 

how long farmers could remember is addressed by filling in gaps using responses from the 

multiple methods from devise participants using researcher’s triangulation. Time was a 

constraint due to the domiciliary nature of the researcher; fieldwork scheduled within a 

certain period posed a challenge when the respondents seemed not available. Aspect of the 

study could best be done using ethnographic study instead of focus group discussions, this 

would have given the researcher more details of the nuances of farmers day-to-day farming 

decisions but due to financial constraints, the research had to use alternative methodologies.  

2.8 Positionality Statement 

Reflexivity according to Robson (2002:22), is defined as ‘an awareness of the ways in which 

the researcher as an individual with a particular social identity and background has an impact 

on the research process.’ According to Lazard and McAvoy, (2017), reflexivity is a form of 

critical thinking that involves addressing the issues of identity and positionality by making the 

researcher’s assumptions explicit and finding strategies to question these. As a Ghanaian 

woman scholar and researcher with an agricultural science background, in reflection, I may 

have influenced the research area chosen for the study, seeing myself as one with years of 

experience in community interactions for knowledge production (Mao et al., 2016; Jacobson 

& Mustafa, 2019; Holmes, 2020). Using the pragmatic research paradigm (Creswell & 

Tashakkori, 2007; Feilzer, 2010; Biddle & Schafft, 2015) which is grounded in the belief that 

both singular and multiple realities can be explored through empirical investigation, this 

approach emphasizes practical solutions to real-world problems (Feilzer, 2010). The effect of 

climate change impacts and adaptation on farming communities in the global south is one 

such situation that needs to be investigated. The paradigm advances scientific knowledge 

using research design and adaptable methodological approaches (Biddle & Schafft, 2015) 

giving researchers the flexibility of design choices required in mixed method methodology.  

The qualitative phase of the research utilized focus group discussions and interviews of 

participants that required face-to-face interactions or phone calls for the data collection. 

Reflecting on my own activities and those of my assistants during fieldwork, we were 
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perceived as both insiders and outsiders, highlighting the complex nature of our positionality 

in the research context. I was positioned as an insider by virtue of my nationality as a 

Ghanaian. However, as a PhD student from a foreign country and a different tribe, it made me 

an outsider. Meanwhile, the assistants’ outsider status was from their position as master’s 

student from the university and insiders because they were native speakers (Milner, 2007; Dill 

& Kohlman, 2012; Mao et al., 2016). In view of these positions, we played both roles as when 

needed on the field. For instance, during the focus group discussions and key informants’ 

interviews, participants were made to understand that they were the source of information 

for the research required due to their experience acquired over the years from farming and 

interacting with their environment. Emphasis was laid on the cyclical seating arrangement 

used during the focus group discussions that signified equal standing in the interactions. Also, 

the inherent outsider position I held meant that some participants expected me to convey 

issues they were facing due to the topic under discussions to ‘authorities’ on their behalf or 

provide solutions to them in the future. An example was when a female focus group 

participant asked after the engagement; ‘what is going to be done about climate change, and 

it impacts on our livelihood.’ However, as an insider and an educated woman, some of the 

female participants viewed me as a potential voice that could courier their plight to the 

authorities that be, for solutions or gather resources elsewhere to help them. To counter such 

expectations, we made the objectives as an academic activity clear at the onset and as part 

of the concluding statement, categorically stating that participants would gain 

information/knowledge from the interactions. As intimated by Mullings (1999), the binary 

function in the insider/outsider debates of the researcher was less than real because the roles 

had to be switched depending on the time and space since no individual can remain an insider 

consistently or outsiders completely throughout the process.  

The interviewer and interviewee relationship that assumed exchange of information to be 

beneficial was an interesting one since at a point the information assumed a status of a 

currency, a means of exchange (Robertson, 2022). This also could be equated to processing of 

power which according to Bordo (1993:191) within the Foucauldian approach “the fact that 

power is not held by anyone does not mean it is equally held by all. It is “held” by no one, 

people and groups are positioned differently within it, and no one may control the rules of 

the game. But not all players on the field are equal.” This information seeking by participants 
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took place after the scheduled interview where I then became the potential source of 

information. For instance, a local planning officer who was offering his master’s degree used 

his study as an excuse to delay being part of the interview until he had enquired from me 

about how to secure PhD funding in the UK. This led to his interview occurring via WhatsApp 

after the field activities were done and I had returned to the UK. Also, a local assembly 

member told me to help him secure a scholarship for a masters’ programme in the UK after 

the interview session. These indicated the power shifts in the power conceptions, since the 

two individuals used their information sharing by exerting power differently.  

According to Cotterill and Letherby (1994), “familiarity,” can reduce initial problems of access 

and this was used for entry of communities for the fieldwork. Based on the insider 

researchers’ knowledge of local power players and how they often try to influence 

methodology for community engagement. Of the two foremost power players (traditional and 

official), the official route (assembly members and agricultural officers) was contacted as 

gatekeepers1. This proved to be the best option since negotiations were mostly one-off cases, 

one would say the presence of the research assistants who knew most of them personally or 

through referral for initial contact. However, given that these gatekeepers also held influential 

positions within the community, it is important to reflect on how their involvement may have 

impacted community members’ participation raising questions about whether individuals felt 

compelled to take part. While their presence lent legitimacy and credibility to the study, it 

may also have unintentionally influenced the voluntariness of participation. 

In conclusion, researchers and researched have roles to play for the research process to be 

complete, a dynamic that is influenced by how the researcher is perceived on the field. This 

dynamic is constantly influx requiring the researcher to be attentive to react to it when 

needed. Although one’s experience and knowledge of research area can be valuable in 

methodology for data collection, the continuous nature of changes that occur in primary 

research data collection require that researchers be flexible in conceiving alternative plans 

that would satisfy the conditions of the research aims and objectives for success. 

  

 
1 Individuals, group or organizations that act as intermediaries in the research process with the power to directly or indirectly 

to facilitate or inhibit researchers’ access to prospective participants (De Laine, 2000; Mandel, 2003). 
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Chapter 3 

Smallholder farmers perceived or observed changing climate and its impacts 

 

Objectives 1: To determine the farmer-level information on the degree of observed and 

perceived climate changes and extreme climate variations.  

Objectives 2: To identify manifested climate impacts on farming practices in two 

selected agro-ecological zones.  

Research question 1: To what extent are local farmers aware of climate variations in their 

agricultural zone?  

 

Abstract 

The perception of one’s environment has always been considered a determining factor in how 

one interacts with the immediate environment. Smallholder farmers’ perceptions or 

observations have an impact on their farming activities, through which they interact with their 

environment for their livelihood and sustenance. Farmers’ perceptions have been shown to 

be influenced and modelled by their personalities, experiences, evidence obtained, and the 

traditional and environmental settings in which they live and interact, which are mostly 

subjective. Thus, the smallholder farmers' perception of change in their environment 

influences their farming choices in ensuring farm yields while protecting the environment. 

This chapter examined if smallholder farmers in northern Ghana have perceived or observed 

changes in their environment and how their perception has influenced their on-farm decision-

making and the impact of the changes on their livelihood.   

The study showed that smallholder farmers have observed or perceived decreases in soil 

moisture, increases in temperature, more irregular rainfall, high intensity of the rainfall, 

shorter rainy seasons, and longer drought periods in both agro-ecological zones. They 

mentioned that negative human behaviour, deforestation, natural weather phenomena, and 

belief systems are the causes of climate change. Also, studies showed that climate impacts 

communities’ farming, economic, and environmental activities, leading to deepening food 

insecurity. To adapt to these changes, farmers are changing their cropping systems, shifting 
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planting dates, and using weather information either through traditional prediction or 

scientific weather data delivered (in local languages) conventionally through radio or major 

television news casts. Farmers, however, mostly access weather information on daily rainfall 

patterns and distribution, and maximum and minimum temperatures, to aid in their farm 

decisions. The farmers also preferred direct interactions with public agricultural extension 

agents for extension delivery. The study concluded that for smallholder farmers to build 

resilience, the agriculture service delivery, including climate information, must be tailored for 

effective use by farmers for farm decisions and management for the sustainability of their 

livelihoods and the rural economy. Also, since agricultural agents are at the center of service 

delivery, they must be well equipped to deliver the required services and advice.  

3.1 Introduction 

Climate change perception is the way a person sees, comprehends, explains, and assesses 

climate change by observing its impacts while interacting with the environment and 

community (Munhall, 2008). Smallholder farmers ’perceptions of climate change and its 

impact is influenced by components of social and cultural systems that influence observations 

of, and responses to climate change, which affect decision-making and governance in the 

short- and long-term (IPCC, 2018). Farmers' perceptions of climate change have been based 

on its impact on their immediate environments. Such impacts include increasing 

temperatures, declining amounts of rainfall, irregular rainfall patterns (amount and 

distribution), reduction in crop yields, and increasing prevalence of disease and pest 

infestations. Farmers' perceptions of climate change leads to the assessment of its related 

risks, resulting in management of the risk by adopting strategies to adapt the farming system 

to climate impacts for sustainability. However, the effectiveness of adaptation planning is 

determined by how farmers perceive and respond to the climate risks involved (IPCC, 2018). 

In the food-climate relationship, success or failure of adaptation depends on farmers ’

knowledge and perceptions of the risk involved and the access to available resources required 

for adaptation. 

3.1.1 Perception  

The term perception is defined according to the discipline using it (Soubry et al., 2020). For 

instance, Bennett (2016) indicated that perception is loosely defined depending on the 
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situation in conservation literature. Baul (2013), for example, defined perception as the 

acquisition of information from the immediate environment, altering it into physiological 

awareness. Instead, in social science, the term refers to how reality is perceived and 

experienced to recognize and shape responses to form behaviour and actions (Fetterman, 

2008).  

In the environmental context, perception is a cognitive, emotional, and cultural process of 

understanding and responding to the natural world - an act of observing and learning to 

protect and care for the environment (Savietto, 2014). Within the conceptual framework of 

climate adaptation, perception is explicitly referred to as an individual's link with climate-

based risks (Soubry et al., 2020).  

The process of understanding climate change perception is complex and includes a range of 

psychological constructs, such as expertise, convictions, styles, and queries about if and how 

the climate is changing (Whitmarsh & Capstick, 2018). However, perceptions are always 

subjective, since it is always a person’s or a group’s distinct way of observing a phenomenon 

and interpreting it by adding their individual experiences and memories to inform their 

actions (McDonald, 2012).  

In general, an individual’s view of climate change is based on complex social, moral, 

psychological, institutional, and cultural processes that influence how people perceive climate 

change, potential solutions, and individual attitudes and behaviour towards it (Leiserowitz, 

2005). 

3.1.1.2 What influences perceptions? 

Knowledge is vital to perception because it gives meaning to the perceived impacts of the 

environmental phenomena of an individual; included are immense experiences and 

understandings that influence the perception of people in their environment (IPCC, 2014b). 

For instance, van der Linden (2015) indicated that perceptions are influenced and shaped, 

among other things, by one’s characteristics, experiences, evidence received, and the cultural 

and environmental setting in which they live. Several relational factors, past experiences, and 

individual and collective attributes influence perceptions (Moon & Blackman, 2014; Levine et 

al., 2015).  
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However, Marques et al. (2020) stated that perception is based on more than what is seen. It 

is also affected by necessities and wishes to improve upon the experience and knowledge 

accumulated or overcome certain situations. For example, the result of the many influences 

on perception in climate change adaptation at the local level is that opposing groups and 

entities can observe the same situation in hugely diverse ways.  

Thus, according to Satterfield et al. (2009), people's perceptions can change over time, and 

decisions are often subject to persuasion. Nevertheless, perceptions are said to be context 

and location specific, as influencing factors are different, such as culture, education, gender, 

age, endowed resources, and institutional factors (Posthumus et al., 2010). For example, the 

media influence climate change perception based on how the issue is framed and 

communicated (Metag et al. 2017; Brevini and Lewis 2018). Brevini and Lewis (2018) 

continued to show that a person’s perception of climate change is affected by how the media 

and other sources of information framed the problem. Even in some cases, behavioural 

change influences decisions for or against climate actions (Taddicken, 2013; Metag et 

al., 2017).  

But according to Whitmarsh and Capstick (2018), there are many factors that can influence 

public perceptions of climate change, such as weather and weather events, economic factors, 

socio-political circumstances, and press coverage, while individual-level factors, such as a 

person's outlook and philosophy, are crucial. Also, perceptions are directly influenced by the 

share of principles and ideals within a community and the physical experience of weather 

changes (Ruiz et al., 2020).  

3.1.1.3 Empirical evidence of farmers' perception of climate change and adaptation 

Each farmer has their own experiences of changing climatic conditions and their impact on 

production that influence decision-making. Farmers' perceptions, according to Ayeri et al. 

(2012), are observations of meteorological and climatic events made throughout time that 

may then be used as adaptation methods.  

Other studies, such as Chérif et al. (2016), claimed that farmers' views are formed from 

applied knowledge that emerges from actual settings. Yet others continue to believe that they 

are inexorably related to local knowledge (Gamble et al., 2010). But Ngute et al. (2021) 

reported variations in the quantity and allocation of rainfall, fog, and heat, with the 
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meteorological data on rainfall and temperature in accordance with local perceptions of 

changing weather situations. Although farmers' perceptions were contrary to meteorological 

data, Owusu et al. (2021) found that farmers from three agro-ecological zones in Ghana had 

perceived a longer drought period with shortened farming seasons due to climate change and 

adapted by cropping early maturing maize cultivars. Similarly, Ayal and Leal Filho (2017) 

revealed that farmers' views about temperature changes were like meteorological data 

analysis, though they were contrary to rainfall trends. Meanwhile, in Nigeria, Onubuogu and 

Esiobu (2014) found that farmers' perceptions of climate variations were like evidence of 

trend analysis in terms of declining number of raining days and relative humidity, in addition 

to rising temperature and sunshine duration. Additionally, local perceptions of changing 

temperatures and rainfall in India were like an analysis of 108 years of temperature and rainfall 

data, as well as different agro-met data such as sun intensity and windspeed (Tripathi & Singh, 

2013). Furthermore, Dickinson et al. (2017) showed that farmers’ views of inconsistent rainfall 

patterns and dry conditions as weather changes in their locality were supported by 

meteorological data sets. Though farmers mentioned that increased windy conditions persist, 

their observations varied spatially within the districts of northern Ghana. They, however, 

attributed the altered climatic conditions to a decrease in forest cover. Likewise, Balasha et al. 

(2023) showed that farmers’ views on changing climate aligned with the local historic weather 

log, which indicated an increasing temperature shift and decreasing rainfall over a ten-year 

period. These occurrences were predominant between 2013 and 2019. Teye et al. (2015) 

noted that farmers in the northern savanna zone of Ghana’s awareness of increasing 

temperature and decreasing rainfall is hugely consistent, with evidence of variations logged 

by weather stations. The findings are linked with gender and access to information. Climate 

impacts reported from three agro-ecological zones in Nepal included decreasing farm 

production, food insecurity and water stress, assigning changes in weather phenomena, 

commercial activities, and religious factors.  

However, a review of farmers' experiences and perceptions by Karki et al. (2020) revealed that 

farmers around the world have been observing changing weather conditions in terms of 

increasing temperature and inconsistent and declining rainfall, coupled with a reduction in 

agriculture production. Similarly, Zizinga et al. (2017) showed that local people in south-

western Uganda’s perceptions of climate change shifted with the seasons and prevalence of 



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana – Ph.D. Dissertation                 56 

rainfall for the last 30 years. Farmers, who could afford to do so, adopted soil conservation 

practices to adapt to the changes. Also, smallholder farmers, as reported by Gedefaw et al. 

(2018) from Qwara district in Ethiopia, perceived a change in climate, including elevated 

temperature, declining rainfall, and severe winds. This was coupled with a decline in 

production due to decreasing rainfall within the growing period, which then became excessive 

during harvesting resulting in produce quickly rotting in the fields. Ali et al. (2020) linked 

smallholder farmers' awareness of climate impacts with adapting irrigation and early planting 

policies in rural Pakistan. But most smallholder farmers observed an increased annual mean 

temperature, which manifested in the number of hot days recorded, in addition to a decline 

in annual mean rainfall over a 10-year period and a decline in rainfall days (Kgosikoma et al., 

2017).  

3.1.2 Climate change information 

Climate information delivery, though a recent concept, has gained prominence due to climate 

change. It is said to be an effective tool in decision-making for farmers in adapting to climate 

variation. Belkin and Pat (1989) defined information as the result of processing, altering, and 

organising data in a way that adds value to the understanding of the recipient. Rezvanfar et 

al. (2007), however, pointed out that information is needed because of its significant impact 

on the living activities of humans. But in this age of information explosion, according to 

Mudukuti and Miller (2002), the spread of information and the application of this information 

in the process of agricultural production play a vital role in the development of farming 

communities and economies. Moreover, Hamooya and Ngoma (2019) argued that for 

agriculture to be successful, it requires information, and in this respect, information plays 

broad and multi-faceted roles. Access to agricultural information is considered a critical 

component of a cutting-edge agricultural system, and a prerequisite for greater output 

(Rehman et al., 2013; Yusuf et al., 2013; Yaseen, 2016). To this end, the UN (2004) and FAO 

(2014) showed that access to relevant information had a significant impact on agricultural 

enterprises, as it enables farmers to respond to different types of risks and market 

enticements and to compete more efficiently (Hamooya & Ngoma, 2019).  

Conversely, Saadi et al. (2008) and Singh et al. (2011) argued that farmers need the latest 

information on new agricultural practices, cultivation techniques, crops, seeds, pesticides, 
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water management, marketing, government agriculture policies, the export potential of their 

crops, and timely provision of all necessary inputs to compete in the modern global market. 

The provision of agricultural information is therefore a critical component of a sophisticated 

agricultural system, as well as a fundamental and necessary booster of agricultural 

development, which helps improve the livelihood of rural farmers (Yaseen et al., 2016). 

Information is also essential for boosting agricultural output and strengthening marketing and 

distribution plans (Oladele, 2006).  

Some empirical studies also claim that knowledge and information are the most significant 

components for speeding agricultural growth through proper production planning, purchase 

of modern inputs, higher agricultural output, and enhanced marketing and distribution (Poole 

& Kenny, 2003; Bertolini, 2004; Lio & Liu, 2006). Therefore, a farmer must possess the crucial 

ability to recognise and comprehend what might be useful information. However, according 

to Mtega et al. (2016), current global climate change conditions have increased the necessity 

of providing agricultural information on adaptation and mitigation methods. Such information 

is crucial in industries such as agriculture, where stakeholders heavily depend on the 

environment to adapt to the impacts of climate variations (Mwingira et al., 2015).  

Additionally, adequate climate change knowledge effectively prepares farmers to adapt to 

adverse circumstances (Nkeme & Ndaeyo, 2011). Hence, appropriate climate change 

information transmission is therefore an essential component for efficient adaptation 

(Popoola et al., 2020). In this vein, Vaughan et al. (2018) opined that climate services, which 

are billed as the development and distribution of pertinent customised information for 

decision-making at all levels of society, have attracted a lot of interest recently. However, 

weather and climate services require the timely creation, translation, and transmission of 

practical weather and short-term climate information suitable for use and generated in forms 

that may be incorporated into societal decision-making processes (Vaughan et al., 2016).  

With effective communication, public outreach, and education, support can be boosted for 

policy and collective action for behaviour change, which is the key factor in the context of 

anthropogenic climate change (Moser & Dilling, 2007). To be effective, agricultural 

information should be provided to rural communities depending on their requirements (Adejo 

et al., 2016). Hence, forecast data is only useful if farmers can access and use it, and if it suits 

their requirements and context (Thornton et al., 2011; World Bank, 2012). This suggests that 



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana – Ph.D. Dissertation                 58 

simply having access to predictive information is insufficient. For example, if an early warning 

system properly forecasts a drought, but does not provide vulnerable individuals with the 

knowledge they need to survive, the information's use is limited (Mudombi & Muchie, 2010).  

Climate change information transmission to rural farming populations is crucial, and a lack of 

it may cause hesitation in pursuing agriculture, since one of the key problems impeding 

agricultural output is a lack of information on supply chains and marketing opportunities 

(Yaseen et al., 2016). According to Nkeme and Ndaeyo (2013), farmers' failure to take up 

adaptation measures is due to a lack of awareness, understanding and distribution of 

information on climate change. But access to accurate knowledge about climate change 

implications raises awareness and may boost farmers' adaptive skills (Shongwe et al., 2014).  

Similarly, other studies attested that farmers' decision-making is hampered by restricted 

access to information and services, which makes them more vulnerable to the hazards of 

climate change (Drafor, 2016; Angello, 2017; Ameru et al., 2018; Mapiye et al., 2019). Thus, 

there is the need to provide timely and accessible weather information to farmers to improve 

farmers’ decision-making during planning of farming activities (Baffour-Ata et al., 2022). 

Furthermore, Mbanda-Obura et al. (2017) and Anadozie et al. (2021) indicated that there is 

evidence supporting farmers' ability to manage their daily difficulties and make the most of 

the available resources, which is weakened by a lack of suitable information and encourages 

conflicting perspectives and poor decisions. Piabuo et al. (2020) inferred that rural farmers 

are not receiving timely information, resulting in the delayed growth of the rural small-scale 

farmers' community in sustainable agricultural development activities.  

Apart from information supply, Zougmoré et al. (2016) hypothesised that the ability to adapt 

to changing climate conditions depends on available capital, infrastructure, technologies, 

social institutions, and networks. But the lack of communication devices owned by farmers 

impeded their ability to access weather information. Also, there were records of doubts of 

some farmers on information on weather and climate forecasts and the lack of pictorial 

representation of information understandable by farmers, according to Baffour-Ata et al. 

(2022), that hinders the use of climate information by smallholder farmers.  

3.1.2.1 Type of climate information used by smallholder farmers. 
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Baffour-Ata et al. (2022) reported that smallholder farmers in northern Ghana mostly receive 

information on rainfall, temperature, and windstorms, which is delivered as daily or weekly 

predictions with little to no seasonal predictions. Likewise, Agyekum et al. (2022) asserted 

that although weather predictions of rainfall and temperature assist farmers to combat 

climate variations by prior planning, farmers can access daily or weekly forecast information 

in place of seasonal information, which is much needed for longer-term planning. But Bachhav 

(2012) showed that farmers required daily information for various agricultural tasks, while 

Baffour-Ata et al. (2022) discovered that few farmers use seasonal predictions. However, 

according to Baffour-Ata et al. (2022), access to weather information varies even within the 

same region.  

Most farmers were more interested in receiving forecasts for rainfall, such as the expected 

amount and distribution of rainfall, and temperature, such as the intensity of the dry season 

(Antwi-Agyei et al., 2021c). Similarly, Lebel (2013) in Asia, Mudombi and Nhamo (2014) from 

South Africa, and Shackleton et al. (2015) in Europe reported that rainfall and temperature 

information is vital for smallholder farmers in managing climate impact and risks to their 

livelihood. Furthermore, most study findings reveal that crop farmers mostly received 

information on rainfall and temperature. The information included the beginning and ending 

of rainfall within a season, how the rains dispersed, the extent of rains, the intensity of the 

dry season, the length of dry spells, and the strength of the wind during the rainy season 

(Rasmussen et al., 2015; Amegnaglo et al., 2017; Diouf et al., 2019; Radeny et al., 2019; Antwi-

Agyei et al., 2021c).  

Yet, there is often a mismatch between available information and what is needed to support 

on-the-ground decision-making (Antwi-Agyei et al., 2021c). In support, Nyadzi et al. (2019) 

and Gbangou et al. (2019) concluded that in designing climate information dissemination, 

considerations should be taken to determine delivery to understand when it will be most 

useful to the farmer in terms of their decision-making.  

3.1.2.2 Sources of climate information 

A source of information is a means for storing knowledge and/or information, or in other 

terms, is defined as everything that contains and/or stores data (Bitso, 2012). As a result, 
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information sources are seen as vital for the efficient distribution of information. Sani et al. 

(2014) showed that information sources are classified based on their mode of representation: 

textual, graphic, and audio-visual.  

Discussions on the availability, efficacy, efficiency, and overall influence of information on 

farmer productivity have been held over the years (Olajide, 2011). According to Moser and 

Ekstrom (2010), access to climate change information is critical for coping and adaptation 

responses. Mtega et al. (2016) asserted that access to information is determined by the 

infrastructure necessary for its distribution, which is often unevenly dispersed within and 

between nations, making some agricultural communities more information-rich than others. 

Lamontagne-Godwin et al. (2018) indicated that information must reach farmers in a medium 

that is usable, clear, or pictorial for farmers with lower levels of formal education.  

Also, information access by farmers must take place in an easy and convenient location or on 

radio (Lamontagne-Godwin et al., 2018). The most basic sources of information for rural 

farmers were neighbouring farmers, family members, and traditional mass media such as 

radio and television (Mbanda-Obura et al., 2017; Maguire- Rajpaul et al., 2020; Popoola et al., 

2020; Baffour-Ata et al., 2022; Awuku-Manteaw, 2022). However, other sources mentioned 

included input suppliers, sale intermediaries, NGOs, newspapers (Mtega et al., 2016; Popoola 

et al., 2020; Awuku- Manteaw, 2022), extension agents (Yaseen et al., 2016; Baffour-Ata et 

al., 2022), town criers and film shows (Maguire-Rajpaul et al., 2020), district authorities, 

village gatherings, mediators, and farmer cooperatives (Lwogo et al., 2014; Qiao et al., 2018). 

In addition, ICT–based sources such as internet and mobile phones (Mittal & Mehar, 2012; 

Motiang & Webb, 2015). However, Rezvanfar et al. (2007) and Nawab et al. (2020) showed 

that most female farmers depended on friends, husbands, neighbours, and other native 

sources, like local leaders and educated people for their information needs. Similarly, Lwogo 

et al. (2014) and Nawab et al. (2020) indicated sources such as government offices, personal 

experience, village or community leaders and farmer groups. Hassen et al. (2007), however, 

explained that farmers had easier access to friends and family members than other 

information sources, making them the most preferred source of information after personal 

experiences. According to Patel et al. (2012), although farmers prefer information from 

scientists, they responded better to information from their peers. Hence, small-scale farmers 
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passed on their knowledge to their neighbours, friends, relatives, and children mostly through 

casual conversation, experience sharing, and visits to other farms (Habtemariam et al., 2015). 

Farmers in developing countries primarily rely on face-to-face communication for agricultural 

knowledge, though they also access diverse sources, including cooperative associations, 

which support market access, capacity-building, and bargaining power. The variety of their 

information needs is reflected in the wide range of sources they consult (Msoffe & Ngulube, 

2016; Qiao et al., 2018; Nawab et al., 2020). 

3.1.3 Extension Services 

According to Danso-Abbeam et al. (2018), extension programs are vital for disseminating 

agricultural technologies, enhancing farmers' technical and managerial skills, and promoting 

rural learning. These services aim to increase productivity, income, and food security. Thus, 

public extension is seen as a critical link between farmers and researchers, helping to facilitate 

technology adoption (SNRD, 2016; Raidimi & Kabiti, 2019; Mapiye et al., 2019; Angello, 2015). 

However, several challenges hinder their effectiveness. Rehman et al. (2013) and Mapiye et 

al. (2021) emphasized the need for reforms to improve delivery, focusing on recruitment, 

training, and logistics. Despite its importance, extension services often suffer from poor 

design, limited resources, and an overly top-down approach (Angello, 2017; FAO, 2017; Anang 

et al., 2020). These issues result in services not being tailored to farmers’ needs, leading to 

low usage (Swanson & Rajalahti, 2010; Siddiqui & Mirani, 2012). 

Moreover, farmers’ reluctance to engage with extension services may stem from 

inefficiencies, a shortage of agents, and logistical constraints (Agbarevo, 2013; Akpotosu, 

2017). Maguire-Rajpaul et al. (2020) argued that Ghana's current agricultural information 

systems are insufficient, and that informal farmer-to-farmer knowledge exchange remains an 

underutilized asset that could enhance the design and effectiveness of extension programs. 

3.1.4 Summary 

According to Soubry et al. (2020), the definition of perception varies across disciplinary 

contexts. However, within the scope of climate change, it is commonly viewed as a cognitive 

process shaped by psychological constructs and personal interpretations regarding whether, 

and in what ways, the climate is changing (Whitmarsh & Capstick, 2018).  
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Perceptions are inherently subjective, influenced by individual and communal experiences, 

philosophies, shared values, and direct encounters with climate variability (Ruiz et al., 2020), 

all of which inform how environmental phenomena are observed and understood (McDonald, 

2012). As such, perceptions are highly context-specific and evolve over time in response to 

shifting environmental, social, and institutional dynamics.  

Furthermore, media narratives and external framings of climate issues significantly influence 

public understanding, alongside economic pressures, institutional arrangements, and 

sociopolitical conditions (Brevini & Lewis, 2018; Whitmarsh & Capstick, 2018). These factors 

collectively shape how smallholder farmers perceive climate change, their responses to it, and 

the types of solutions they consider feasible. 

Research has shown that farmers’ perceptions play a critical role in shaping agricultural 

decisions, particularly in the adoption of climate-resilient technologies and practices (Deressa 

et al., 2009; Ayeri et al., 2012; Ayal & Leal Filho, 2017; Antwi-Agyei et al., 2021). Empirical 

studies indicate that many farmers’ perceptions align with scientific observations, such as 

prolonged droughts (Deressa et al., 2011; Owusu et al., 2021), erratic rainfall (MESTI, 2015; 

Ndamani & Watanabe, 2016; Osei, 2017), and increasing temperatures (Adjei-Nsiah & 

Kermah, 2012; Antwi et al., 2018; Yamba et al., 2019). However, there are also documented 

cases where these perceptions diverge from empirical climate data (Ayal & Leal Filho, 2017; 

Owusu et al., 2021). 

Given the importance of perception in guiding adaptation strategies, inaccurate or 

misinformed views may heighten the vulnerability of smallholder farming systems, 

particularly those reliant on rain-fed agriculture and lacking access to adaptive technologies 

(Pereira, 2017; Leal Filho et al., 2015).  

This misalignment can pose serious risks to food security and rural livelihoods. Therefore, a 

nuanced understanding of the socio-economic factors that influence farmers' climate 

perceptions is essential for enhancing resilience and supporting sustainable agricultural 

development. This chapter explores smallholder farmers’ awareness of climate change, their 

perceived impacts on farming activities, and the broader implications for resilience and 

sustainability in rural agricultural systems. 
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3.2 Materials and methods 

3.2.1 General characteristics of the study zone 

The study was conducted in two agro-ecological zones of northern Ghana that are 

characterised as among the most vulnerable to climate change variations when compared to 

other zones in the country (refer section 2.3).  

3.2.2 Methods 

The study used mixed method models for the collection of data (refer to section 2.5).  

3.2.3 Data analysis 

The data was collected using an offline survey software from Lighthouse Studio 9.12.1, 

exported to Microsoft Excel 2010 for cleaning. (refer to section 2.6).  

 

3.3 Results  

3.3.1 Characteristics of farmers 

The greatest number (114) of farmers fell within the above 55 age range, with the least (71) 

between 25 and 35 years, since age is seen as a proxy for experience acquired in traditional 

farming practices (Kibue et al., 2015). One hundred and thirty-five farmers were recorded in 

both zones as heads of households, compared to 66 as members of households (Table 3.1). 

Most farmers (178) had no formal education, but there was a disparity in the education levels 

of farmers in the two zones, with a clearly greater proportion of farmers in the Sudan savanna 

having some form of schooling (Table 3.1). This can potentially influence decisions on 

adaptation methods between the zones, based on the assumption that the level of education 

of farmers exposes them to information that affects their decisions on the farm. The 

comparison of results showed that 42 farmers had no education in the Sudan savanna zones, 

compared to 136 farmers from the Guinea savanna zone. 
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Table 3.1: Characteristics of farmers: age category, position in households and level of education in 
two agro-ecological zones in northern Ghana 

 Age categories of farmers 

Agro – ecological zone 25 – 35 36 – 45 46 – 55 Above 55 

Guinea Savanna 30 55 53 53 

Sudan Savanna 41 49 50 61 

Percentage proportion of 
farmer participants. 

17.7 25.9 28.1 28.4 

 Position in household 

Agro – ecological zone Head of household Member of household 

Guinea Savanna 135 66 

Sudan Savanna 135 66 

Percentage proportion of 
farmer participants. 

67.2 32.8 

 Level of education achieved  

Agro – ecological zone  

None 

Primary 
School 

Junior/High/Middle 
School 

Secondary 
School 

Vocational 
School 

 

Tertiary 

 
Night School 

Guinea Savanna 136 28 22 7 1 2 5 

Sudan Savanna 42 41 42 32 4 20 20 

Percentage proportion 
of farmer participants. 

44.3 17.2 15.9 9.7 1.2 5.5 6.2 

 

3.3.2 Observed/ Perceived climate change variations. 

The majority (96.5 %) of the surveyed farmers observed or perceived climate change 

variations in terms of decreases in temperature and soil moisture, increases in temperature, 

irregular rainfall, higher rainfall intensity, shorter rainy seasons, and longer drought periods 

(Figure 3.1). However, between the two ecological zones, farmers gave varied responses for 

longer drought periods, shorter rainy seasons, increased rainfall intensity, irregular rainfall 

pattern, increase in temperature, low intensity in rainfall decreased soil moisture, and 

decreased temperature, which were statistically significant, using Non–parametric tests (Table 

3.2). 
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Figure 3.1: Description of farmers observed/perceived changes in weather conditions in two agro-ecological 
zones in northern Ghana. 

 

Table 3.2: Test statistics for grouping variables for two agro-ecological zone in northern Ghana using 
Mann-Whitney U tests showing differences in responses on observations of climate changes (Long 
drought period, short rainfall period, high intensity rainfall, irregular rainfall pattern, increase in 
temperature, low intensity rainfall, decrease in soil moisture and decrease in temperature). 

 

Long 

drought 

period 

Short 

rainfall 

period 

High 

intensity 

rainfall 

Irregular 

rainfall pattern 

Increase in 

temperature. 

Low 

intensity 

rainfall 

Decrease in 

soil 

moisture 

Decrease 

temperature 

Mann-Whitney U 16783.5 15075.0 14974.5 18391.5 20100.0 19798.5 18291.0 11557.5 

p-value (2-tailed) <0.001 <0.001 <0.001 0.066 0.823 0.591 <0.001 <0.001 

 

 

This was consistent with Yaro’s (2010) conclusion that with fluctuating characteristics, the 

direct and indirect impacts of climate change are specific to different socio-geographical zones 

and livelihood groups and sectors, supported by Uddin et al. (2014) in a farm level study in 

Bangladesh. Despite these disparities, the farmers' observation of irregular rainfall patterns, 

shorter rainy seasons, and longer drought periods is consistent with the literature (MESTI, 

2015) and rainfall recorded from 2010 to 2020 at two meteorological stations located in Bole 

in the Guinea savanna zone and Navrongo in the Sudan savanna zone (Figures 3.2 and 3.3). 

The farmers’ varied response may be due to the different impacts of climate change. As 

exhibited by the contrasting rainfall patterns, the Sudan savanna zone (Figure 3.3) showed 
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much more variation with longer dry periods, compared to the seemingly consistent rainfall 

patterns with shorter dry periods in the Guinea savanna zone (Figure 3.4).  

 

 
Figure 3.2: Mean monthly rainfall recordings in Sudan savanna zone of northern Ghana  

from Navrongo meteorological station (2010-2020) 

 

 
Figure 3.3: Mean monthly rainfall recordings in Guinea savanna zone of northern Ghana 

from Bole meteorological station (2010-2020) 

 

Furthermore, results from the farmer perceptions for irregular rainfall patterns, increase in 

temperature, and decreased intensity of rainfall were not statistically different between the 
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zones using the non–parametric test (Mann–Whitney test: U= 18392, p = 0.07; U= 20100, p = 

0.82; U = 19799, p = 0.59 respectively, N1 = 201, N2 = 201, two–tailed).  

Interestingly, the results showed that only 5.5 % farmers observed increasing temperatures, 

when compared to 68 % who observed temperature reductions in both zones, contrary to 

existing literature that indicates increasing temperature trends of 1 0c for the rest of the 

century (James & Washington, 2013; Engelbrecht et al., 2015). In addition, the plotted 

temperature trend (Figures 3.4 and 3.5) of mean monthly temperature records (2010 –2020) 

of two meteorological stations depicts a slight increase in both the minimum and maximum 

temperatures. This could be likened to an observed report by farmers from Yaro (2010) that 

the weather was “confused” and difficult to predict accurately due to the range of divergence 

over the years of inconsistent weather conditions.  

  

 

 

Figure 3.4: Mean monthly temperature (minimum and maximum): Bole meteorological station in 
 northern Ghana (2010-2020)  

y = 0.0157x + 21.682
R² = 0.0282

y = -0.0036x + 33.812
R² = 0.0009

15

20

25

30

35

40

Fe
b

_
2

0
1

0

M
ay

_2
0

1
0

A
u

g_
2

0
1

0

N
o

v_
2

0
1

0

Fe
b

_
2

0
1

1

M
ay

_2
0

1
1

A
u

g_
2

0
1

1

N
o

v_
2

0
1

1

Fe
b

_
2

0
1

2

M
ay

_2
0

1
2

A
u

g_
2

0
1

2

N
o

v_
2

0
1

2

Fe
b

_
2

0
1

3

M
ay

_2
0

1
3

M
ay

_2
0

1
7

A
u

g_
2

0
1

7

N
o

v_
2

0
1

7

Fe
b

_
2

0
1

8

M
ay

_2
0

1
8

A
u

g_
2

0
1

8

N
o

v_
2

0
1

8

Fe
b

_
2

0
1

9

M
ay

_2
0

1
9

A
u

g_
2

0
1

9

N
o

v_
2

0
1

9

Fe
b

_
2

0
2

0

M
ay

_2
0

2
0

Guinea Zone Min. Guinea Zone Max.

Linear (Guinea Zone Min.) Linear (Guinea Zone Max.)

 
So

u
rc

e
: 

M
o

n
th

ly
 m

ea
n

 t
em

p
e

ra
tu

re
 t

re
n

d
 f

ro
m

 

d
at

a 
- 

B
o

le
 m

et
eo

ro
lo

gi
ca

l s
u

b
-s

ta
ti

o
n

s 
 



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana – Ph.D. Dissertation                 68 

 

 

 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.5: Mean monthly temperature (minimum and maximum): Navrongo meteorological station in 
 northern Ghana (2010-2020) 

 

However, all discussants from the focus group and key informants from the communities 

observed a rise in temperature, contrary to the majority (68 %) of farmers from the 
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of a ten-year period. As expressed by a female discussant from Guinea savanna FGD: “It’s too 

hot in the day that you cannot work on the farm, and too hot in the night that you are not able 
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They specified a rise in both day and night temperatures, attributing the cause mostly to loss 

of tree cover, which has led to exposure to the direct rays of the sun. This was expressed better 

from a male discussant from Guinea savanna FGD: “Where are the trees to provide shade and 

absolve and reflect the sun’s rays?”  

 

Furthermore, all the discussants confirmed changes observed in weather patterns, supporting 

the findings from the quantitative phase. They indicated changes such as irregular rainfall 

patterns that have been happening for the past ten years. They also noted the uncertain start 
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of the rainy season, making it difficult to determine when it will start each year unlike in the 

past, when farmers could estimate the onset of the season based on previous patterns. This 

gives an indication of climate impact observed in the communities, the Guinea savanna zone 

discussants mentioned that the rainy season now starts in May and ends in October compared 

to a decade ago, where the season lasted from March to November as stated by male 

discussant from Guinea savanna FGD: “We used to have rains around Easter, but these days 

Easter is as dry as hell.” 

  

Also, the discussions revealed the shortened rainfall season from six months to three months 

with a long drought period in between as the cause of reduction in crop yields. The high 

intensity of the rainfall and winds mostly lead to the washing away of topsoil resulting in loss 

of nutrients from the topsoil with gradual decrease in soil fertility.  The intense rainfall leads 

to increased surface run-off and reduced infiltration into the soil, resulting in insufficient soil 

moisture available for crops during the season. The issues are compounded by the shortened 

rainfall duration. This was emphasised by an elder from the Sudan savanna zone: “It is not the 

duration, but the intensity of the rains that is causing destruction to our farms and properties.” 

 

The discussions revealed early morning dew as a specific weather phenomenon that no longer 

exists due to climate change, resulting in poor yields in late millet production as commented 

by a male discussant from the Sudan savanna FGD: “The morning dew helped the late millet 

mature after the rain had stopped before harvesting, since it no longer exists, our late millet 

yields poorly.” This is consistent with findings by Ogalleh et al. (2012) of farmers in Kenya’s 

Laikipia district identifying the non-occurrence of maguna ng’ombe (local reference of first 

rain that occurred in February; short rains for three days to support sprouting of grass for 

livestock) since 2000 as a remarkable change in their climate.   

3.3.3 Factors contributing to changes in weather patterns. 

In terms of the causes of changes in weather, 26.3 % of the farmers indicated negative human 

behaviour that included excessive use of agrochemicals, indiscriminate felling of trees without 

replanting, seasonal bushfires from charcoal production and uncontrolled fires set to clear 

farmlands (Figure 3.6). Also, activities of Fulani (migrants) cattle herders that result in 

overgrazing. However, claims regarding activities of Fulani herders may be partially influenced 
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by inter-ethnic tensions stemming from a long-standing conflict between the herders and the 

locals. This led Adomako (2019) and Kugbega and Aboagye (2021) to recommend educating 

farmers to discourage antagonistic views of pastoralists alongside an independent, fair, and 

trustworthy system of dispute resolution. 

 

  

Figure 3.6: Description of factors causing climate changes as observed by farmers in two agro-ecological zones 
in northern Ghana. 
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communities in understanding and interpreting of the biophysical environment.  
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attributed these impacts to poor yields that result in investment losses, which restricts their 

ability to feed and support their family needs (Figure 3.7).  

 

 

Figure 3.7: Description of effects of observed climatic change impacts on farmers’ livelihoods in two agro-
ecological zones in northern Ghana. 
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Figure 3.8: List of climate impacts on livelihood from farmers’ points of views under 3 headings: farm activities, 

environmental and economical in two agro-ecological zones in northern Ghana. 
 

Most discussants from the Sudan zone, for instance, lamented that farm yields continue to 

decline despite their best efforts, comparing their farm sizes to their predecessors, who they 

say cropped smaller farms with higher yields and superior quality produce as mentioned 

below by a male discussant from the Sudan zone. “We have increased our farm size, and yet 

the yield is low with poor quality produce.”  This is consistent with IPCC (2014) and Schlenker 

and Lobell (2010) reports which predicted climate variability and change to continue to 

decrease the agricultural production of major cereal crops in sub-Saharan regions, including 

maize, sorghum and millet, the major crops grown by the discussants. The statement, 

however, prompted another discussant to attest that the situation is due to excessive use of 

inorganic fertilizer and pesticides, resulting in low yields and poor-quality produce.  

 

Findings also showed that the irregular pattern of rainfall makes it difficult to plan the farming 

season, as it affects the onset and cessation of rainfall leading to a change in the cropping 

systems and consequent changes in dietary requirements. The changes in cropping systems 

showed that certain crops have been dropped due to either the delay in the onset of the rains 

or the shortened rainy season leading to a shortened cropping season. For instance, 

discussants in the Guinea savanna zone stated that guinea corn has been dropped from the 
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system due to the shortened rainfall patterns. They explained that the traditional cultivars 

they grow require over three months to mature, while the shortened rainy season barely 

extends to three months. Cassava has therefore replaced yam cultivation since it can 

withstand the reduced soil moisture. “We are cropping more cassava than yam, since they are 

doing well requiring less amount of soil moisture more than yam.” A male discussant, Guinea 

savanna zone.  

In the Sudan savanna zone, early millet was dropped due to the delay in the onset of the rainy 

season. Early millet is planted at onset of the first rain and harvested during the brief dry spell 

lasting about six weeks within the rainy season. However, the increasingly shortened rainfall 

pattern has made it impossible to cultivate early millet within this window. As described by a 

female discussant from Guinea savanna FGD: “The rains deceive you to sow early, but a long 

dry spell follows it, resulting in ‘death’ of the seeds because of insufficient soil moisture”   

The discussants pointed out that poor seed germination or total failure due to insufficient soil 

moisture requiring partially or full resowing of field add to the increase in cost of production 

since excess seeds is needed for sowing indicated by a female discussant above.  

Also, the uncertainty of onset of the rain meant farmers depend on animals or tractor-driven 

ploughs for land preparation to quickly prepare the field instead of manual labour, another 

cost component brought about by climate variabilities.  

Furthermore, most of the adopted hybrid seeds or improved cultivars, especially maize, do 

not do well without inorganic fertilizer. Thus, there has been an increased use of inorganic 

fertilizer, adding to the cost of production, coupled with the cost of pesticides used to control 

pest infestations. The quote below expresses the view of a male key informant from the 

Guinea savanna zone: “Smallholder farmers are not farming due to the increase in production 

costs, especially this farming season.”  

Increased in the incidence of disease and pests in addition to poor soil conditions mentioned 

by the discussants as caused by climate impact, is resulting in reduction in yields and poor 

quality of produce from farms. According to the discussants, this has led to a decline in the 

seasonal income that they generate from sales of excess produce from farms, after storing 

what was to be used to feed their families. They explained that feeding their families is even 
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becoming difficult, as the impact has caused changes that are either preventing them 

cropping sufficiently or harvesting less than required for family use. 

3.3.5 Access to weather information 

Access to weather information is one of the factors that influences the decision-making of 

farmers regarding their adaptations to climate change (Ndamani & Watanabe, 2016; Mutunga 

et al., 2018; Diouf et al., 2019; Marie et al., 2020). The study revealed majority (68.5 %) stating 

their interest in weather forecast against 31.5 % who had no interest. The farmers revealed 

several reasons why they show interest in weather information (Figure 3.9). The majority (66 

%) used weather information for planning their farm activities, when preparing their land and 

start planting, and what type of crop to plant, supporting Saguye (2016) and Mutunge et al.’s 

(2018) findings that access to weather information is a determinant for small scale farmers' 

adaptation decisions.  Also, results from logistic regression models showed that farmers' 

decisions regarding land management and crop management-related adaptation are 

influenced by 68 % and 66 %. chance respectively based on availability of weather forecast 

information. Thus, farmers' decisions on land and crop management adaptation are made 

based on the weather information available to them whether traditional or scientific. 

Meanwhile, some of the 20 % of farmers who stated media or language barriers, explained 

that they do not have access to information on weather forecasts because they do not have 

radio or television sets. Likewise, Muema et al. (2018) evidenced that television ownership 

increased the likelihood of accessing and using climate information services. Mabe et al. 

(2014) and Khan et al. (2019), found that access to mobile phones influences adaptive choices 

by smallholder households. Others stated that they are uneducated and therefore do not 

understand what is said in English during the televised weather forecasts.   

The 6 % of farmers that indicated unreliability of forecast information explained that they do 

not trust information provided during forecasting, since predictions were incorrect most 

times. Likewise, findings by Serra and Mckune (2016) indicated that the lack of trust and 

unreliability hinders the use of climate information for climate change adaptation. 
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Figure 3.9: Description of farmers’ reasons for interest in weather information in two agro-ecological zones in 
northern Ghana 

  

The remaining 2 %, on the other hand, stated that the information shared during forecasts is 

accurate, making them capable of planning their farming activities. This is consistent with 

Mudombi and Nhamo’s (2014) assertion that information should be reliable, trusted, and 

understandable for farmers to use. Radio (Table 3.3) is the most used medium for weather 

information among the farmers (69.2 %). This is consistent with Tun Oo et al.’s (2017) findings 

that information from radio affects the choices for adaptation strategies, followed by 

television (20.8 %), mobile phone (4.5 %), and downloaded weather apps (0.7 %), while 22.6 

% farmers indicated none.  
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These may be farmers who indicated no interest in weather information. The result also 

revealed that 74.6 % of farmers in the Guinea savanna zone use radio, compared to 63.7 % 

farmers in the Sudan savanna zone, while 30.9 % farmers in the Sudan savanna used 

television, compared to 11.0 % farmers in the Guinea savanna zone. These differences may be 

the result of the recorded difference in education between the two zones, since most local 

radio stations broadcast in local dialects, a factor revealed by Hampson et al. (2014) and 

Oyekale (2015) on the use of vernacular language as one of the reasons for the high access to 

information via radio. As such, 67.7 % farmers from the Guinea savanna zone with low or no 

education preferred radio (in local dialect), while highly educated farmers. (79.1 %) from the 

Sudan savanna zone opted for televised broadcasts presented in English. Anang et al. (2020) 

reported that low level of education among the farmers could have significant implications on 

their human capital development and their ability to take advantage of opportunities and 

production technologies to improve farm performance. While Uddin et al.’s (2014) asserted 

that farmers with higher levels of education tend to have greater access to information than 

those with a lower level of education.  

However, (Mbanda-Obura et al., 2017; Maguire- Rajpaul et al., 2020; Popoola et al., 2020; 

Baffour-Ata et al., 2022; Awuku-Manteaw, 2022), reported that apart from radio and 

television, rural farmers rely on information from family members, and neighbouring farmers 

as their basic sources. According to Nawab et al. (2020) attested that as varied are the 

information needs of smallholder farmers, so are their sources of information. 

 

3.3.5.1 Type of weather information accessed 

When asked about the type of weather information received, 70 % of farmers stated daily 

temperature, followed by rainfall date and amount (24.8 %) consistent with finding from 

(Lebel, 2013; Mudombi & Nhamo, 2014; Shackleton et al., 2015; Antwi-Agyei et al., 2021c; 

Baffour-Ata et al., 2022) which is vital for prior planning of the season. Furthermore, 11.7 % 

mentioned precipitation, with 9.7 % citing sun intensity and 2.7 % stating wind speed (Table 

3.3). The receipt of weather information for daily temperature, rainfall date and amount and 

sun intensity were significantly different between the zones using the Chi-Squared test (X2 = 

56.403, 10.259, 17.614; df=1; p=0.001; p=0.001; p=0.001; p=0.001, respectively).  
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A total of 175 farmers in the Sudan zone compared to 107 in the Guinea zone received 

information on daily temperature, while 64 in the Guinea zone received information on rainfall 

date and amount versus 36 in the Sudan zone. Lastly, 7 farmers in the Sudan zone received 

information on sun intensity compared to 32 farmers in the Guinea zone. However, the receipt 

of information on precipitation and wind speed was not significantly different statistically (X2 

= 1.527, 0.088; df= 1; p=0.217, 0.766, respectively).  

3.3.5.2 Preference for weather information delivery 

According to Nyadzi et al. (2019) and Gbangou et al. (2019), weather information delivery 

must be timely for effective use in seasonal decision-making by farmers. Using a percentage 

probability score derived from re-scaled scores, the mean weight is subtracted from each item 

and then re-scaled by multiplying each score by a multiplier up to 100. The resultant value 

reflects the likelihood of items being selected within the questionnaire. Thus, an item with a 

score of twenty is twice as important (or preferred) as an item with a score of ten.  

The logistic model (Figure 3.10) shows that farmers preferred daily weather information 

delivery (highest probability of 25.50), and this concurred with findings by Hampson et al. 

(2014), which showed that most farmers stated daily forecasts in Tanzania. Monthly weather 

information delivery followed with percentage probability of 24.65 and the yearly forecast 

was rated the worst (probability of 14.68). However, literature indicates that seasonal weather 

information delivered at the onset of the planting season in other countries (Ingram et al., 

2002) enables farmers to plan when to start the season's activities, such as changing planting 

dates if required, based on the information available.  
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Figure 3.10: Description of farmers’ preferences of weather delivery using probability scores in 
a MaxDiff logit model in two agro-ecological zones in northern Ghana. 
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Figure 3.11: Description of percentage of farmers that use traditional weather predictions and their indicators 
in two agro-ecological zones in northern Ghana. 

  

Most (55 %) farmers did not complete the form on traditional weather indicators (Figure 3.11), 

however, 35 % of farmers indicated the use of traditional methods for weather information. 

They mentioned their predictions are based on changes in weather pattern, consistent with 

Gyampoh and Asante’s (2011) findings in southern Ghana about using weather patterns in 

predictions. For instance, strong heat intensity in February and March signifies heavy rains in 

the coming season while weaker heat intensity means a poorer rainy season.  

Likewise, 4 % stated the use of certain animals and plants to predict weather changes (Figure 

3.11), concurring with Sullo et al.’s (2020) findings of the use of ‘populs ’plant and insects 

chirping as indicators of excessive heat, and the movement of millipedes as an indicator of an 

approaching season or sudden change in climate. Still, 3 % of the farmers stated that they 

consult the gods for the prediction of weather, and the least (2 %) use their previous 

observations based on their experiences to predict weather for planning the season.  

In confirmation, most discussants did not have much knowledge about predicting and 

interpreting weather using traditional methods, as depicted in the 55 % of farmers who did 

not complete the section of the questionnaire. Those from the focus group and key informants 

mentioned the use of certain animal and plant behaviours, the performance of rituals by 

rainmakers to the ‘gods', and natural phenomena. However, contrary to the 3 % that consulted 

the gods, they indicated that ritual performance is no longer performed due to religions (e.g. 

Christianity and Islam) and modernisation that frown on it. They further explained that 
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younger generation do not want to be involved in such practices even though they may not 

be religious.  

Most of the elders interviewed were silent about any religious engagements (ritual aspect and 

performance). A few of them said the younger generation had no interest in it and are not 

willing to even listen to the stories let alone put it into practice. Very few (2/8) ascribed the 

variable state of the weather to the anger of the gods for breaking traditional norms. Table 

3.4 described some of the traditional indicators used by the respondents under four headings 

namely symbol, signs, status in terms of use as explained by interviewees:  

• Signalling = currently still in use as signals for planning farm activities.   

• Not-signalling = not in use since signals always give contrary outcome when used.  

For instance, signals for morning dew are no longer in use since the phenomenon no longer 

occurs due to increase in nighttime temperature according to respondents supporting 

references from literature. 
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Table 3.4: Description of traditional indicators used by farmers in two agro-ecological zones of northern Ghana for weather predictions and their status by 
respondents with references from literature. 

Local Indicators Signs Status according to 
the respondents 

Similar literature references 

Indicators from certain Plants species 

Certain tree type in the bush 
(no name given) 

Sheds its leaves at the beginning of the rain and used to predict the 
onset of the rainy season. 

Signalling Ayal et al. 2015; Sullo et al. 2020 

Raspberry tree Heavy yields of the raspberry plant indicate irregular rainfall pattern in 
the following season.  

Signalling Ifejika Speranza et al. 2007; Baffour Ata et el. 

2021. 

Type of plant (local name = 
Brensu) in the bush 

Heavy yield means heavy rainfall for the next season.  Signalling Kagunyu et al., 2016; Jiri et al. 2015 

Raspberry and baobab trees Flowering signifies the beginning of the rainy season Signalling Orlove et al. 2010; Sumi 2018; Baffour Ata et el. 

2021.  

Indicators from certain Animal species 

Upland frog Intensive croaking signifies rains  Partially Signalling Muguti & Maposa 2012; Radeny et al. 2019. 

Black and white Mannkin 
(native bird) in the forest 

Persistent cries indicate cloud formation and heavy rainfall Signalling Muguti & Maposa 2012; Radeny et al. 2019; Sullo 

et al. 2020 

Indicators from Weather Phenomena 

Movement pattern of a 
particular morning star 

Change in the movement pattern of the star indicates change in the 
season from rainy to drought/drought to rainy seasons. 

Partial Signalling Radeny et al. 2019; Irumva et al. 2021 

Very bright sky Excessive brightness of shining sky indicates the onset of rain No longer Signalling Muguti & Maposa 2012; Irumva et al. 2021 

Sun intensity High intensity of the sun, extremely hot, making the body prick signifies 
the rains will fall  

No longer Signalling Gyampoh 2009; Muguti & Maposa 2012; Irumva 

et al. 2021 

Wind direction When the wind blows towards the west around May, it signifies the 
near arrival of rain 

No longer Signalling Gyampoh 2009; Orlove et al. 2010; Irumva et al. 

2021 

Cloud formation Dark clouds formed from the east indicate rain will fall No longer Signalling Gyampoh & Asante 2011; Mugambiwa 2018. 

Morning dew A lot of dew in the morning indicated no rain No longer Signalling Ifejika Speranza et al 2007; Radeny et al. 2019. 
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3.3.7 Capacity-building of smallholder farmers 

3.3.7.1 Training received by farmers 

Training and advisory services are provided to farmers to build their capacity and introduce 

modern technologies, disease, and pest control mechanisms, as well as policy information, 

etc., to ensure maximum production and yields. This training and service delivery in 

developing nations is mostly done by public agriculture extension agents (Anang et al., 2020). 

Most farmers (74.9 %) in the study area did not attend any training within the last 5-year 

period, with just 25 % receiving some form of training. Of the 101 farmers who attended 

training, most (87) received training in proper use of inorganic fertilizers and 84 farmers were 

trained in farm management practices, respectively (Table 3.5).  Furthermore, 73 and 18 

farmers received training in the introduction of modern technologies (new seeds for planting 

for any of the crops grown, resistant varieties, fertilizer) and marketing idea development, 

respectively. The farmers that said they had no training (302) did not complete the section of 

the questionnaire. Some of the farmers also indicated no for the type of training received 

(Table 3.5). Consistent with Angello (2015), Sebeho and Stevens (2019) and Anang et al. 

(2020)’s findings that public extension contributes to most training in developing nations, 

most (19.4 %) of the training was organised by public extension officers, followed by 12.2 % 

by NGOs, and 4.7 % by farmer groups. 

Most focus group discussions confirmed engagement with public extension officers but not 

regularly. Some farmers indicated as long as six years ago as their last interaction with an 

extension officer consistent with Akpotosu (2017) and Anang et al. (2020)’s assertion that 

public extension services lack resources to regularly engage farmers. While the most recent 

interaction was over a 2-year period both for farm and off-farm activities and advice. For 

instance, in the Guinea savanna zone, the farmers were introduced to the cultivation of tree 

crops (oil palm and mango). 
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Table 3.5: Frequency and percentages of training received, offering agency, type of training, group 
membership and type of groups used by farmers in two agro-ecological zones in northern Ghana. 
Farmers’ Participation Options  Category  Frequency  Percentage 

Training attended  

  

Agriculture training received within the last 5-year period  

Yes   101  25.0  

No   302  74.9  

Total  403  100.0  

 

Agricultural extension officers offered training  

Yes   78  19.4  

No   23  50.7  

Uncompleted  302  74.9  

 
Non-governmental organisation offered training  

Yes   49  12.2  

No  52  12.9  

Uncompleted   302  74.9  

 
Farmer group organised training  

Yes   19  4.7  

No  82  20.3  

Uncompleted   302  74.9  

Type of training attended  

 
Farm management training  

Yes   84  20.8  

No   16  4.0  

Uncompleted   302  74.9  

Introduction of new technologies: new hybrid seed for 
sowing, resistant varieties 

Yes   73  18.1  

No   27  6.7  

Uncompleted   302  74.9  

Proper use of inorganic fertilizers  Yes   87  21.6  

No   13  3.2  

Uncompleted   302  74.9  

Marketing idea development training  Yes   18  4.5  

No   82  20.3  

Uncompleted   302  74.9  

Member of farming association and type of association  

 
Member of any group  

Yes   66 16.4 

No   337 83.6 

Total   403 100.0 

 
Production group  

Yes   36 8.9 

No   30 7.4 

Uncompleted   302 74.9 

Credit association  

Yes   14 3.5 

No   52 12.9 

Uncompleted   302 74.9 

 
Agro processing group  

Yes 12 3.0 

No   54 13.4 

Uncompleted   302 74.9 

 
Marketing group  

Yes   6 1.5 

No   60 14.9 

Uncompleted   302 74.9 
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Mutual labour support group  

Yes   47 11.7 

No   19 4.7 

Uncompleted   302 74.9 

 
Welfare service support group  

Yes   17 4.2 

No   49 12.2 

Uncompleted   302 74.9 

 

 

3.3.7.2 Membership of farmers ’groups  

Being part of farmer groups is beneficial for farmers to share information and expertise on 

farming activities, capacity-building, and help improve livelihoods by boosting market access 

and bargaining power. (Qiao et al., 2018; Ahmed & Anang, 2019; Othman et al., 2020). Since 

farmer groups are voluntary organisation, participation is voluntary, but not all farmers are 

likely to join as seen in the findings despite it being beneficial for smallholding farmers. While 

decisions to join depends on farmer’s perception of gains to be achieved from participation 

(Ahmed & Anang, 2019). However, results showed only 16.4 % of the farmers were members 

of farming groups while 11.7 % belonged to a mutual labour support group (Table 3.5). Also, 

8.9 % were in the production group and the least (1.5 %) in the marketing group.  

3.3.7.3 Benefit from training 

The study showed that most respondents (72.7 %) either skipped the question or stated no 

benefits from training since they had already indicated that they had not attended any training 

(Figure 3.12).  
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However, 25.6 % of those who received training reported benefits in improving agronomic 

practices such as improved fertilizer application, introduction of new crop varieties, planting 

methods, proper application of chemicals on crops, crop type selection and proper farm 

management practices. Conspicuously missing is the access and use of weather information 

for decision-making. Still, 1.7 % of the farmers indicated that they are yet to see benefits from 

the training. The focus group mentioned similar benefits gained from group membership such 

as loan acquisitions for farming activities and reductions in labour costs, as members tend to 

support each other especially at the beginning of the farming season. 

3.3.8 Logistic regression analysis result 

Result of two logistic regression based on crop and land managements related adaptation 

(Tables 3.6 a&b) showed that farmers’ decisions on both crop and land management 

adaptation is influenced between 66 % – 68 % by their access to weather forecast through 

either scientific or traditional means. Consistent with studies that showed that farmers use 

weather forecast on rainfall and temperature for adapting to climate variations through prior 

planning of farming activities (Lebel, 2013 in Asia; Mudombi & Nhamo, 2014 in South Africa, 

Shackleton et al., 2015 in Europe; Baffour-Ata et al.,2022 and Agyekum et al., 2022 in Ghana).  

Also, perceived or observed weather change by farmers has a probability of 82 % influence on 

crop management adaptation choices likewise to Owusu et al. (2021) findings in three agro-
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Figure 3.12: Description of farmers perceived benefits from training received within 5- year period in two 
agro-ecological zones in northern Ghana. 
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ecological zones of perceived long drought with shortened farming seasons and adapted by 

growing early maturing maize. 

Table 3.6a: Logistic Regression Models: Crop management related adaptations showing parameter 
under consideration (bold font) that influence farmers' farming decisions in two agro-ecological zones 
in northern Ghana. 

Variables Exp (B) Probability 95% Cl P-value 

Weather forecast 1.94 0.66 1.071–3.513 0.03** 

Crop techniques 2.04 0.67 1.514–2.759  0.00*** 

Gender 0.29 0.23 0.135–0.638   0.00*** 

Level of education achieved 0.49 0.33 0.255–0.933        0.03** 

Constant 1.24   0.00*** 

N = 401  

Nagelkerke R Square = 0.558 

Chi-square = 11.4 

Significance level= 0.18 

2 Log likelihood = -328.060 

Overall correct prediction = 82.3% 

*** p<0.01, ** p<0.05, * p<0.1 

 

Table 3.6b: Logistic Regression Models: Land management related adaptations showing parameters 
under consideration (bold font) that influence farmers' farming decisions in two agro-ecological zones 
in northern Ghana. 

Variables Exp (B) Probabilities 95% Cl P-value 

Observed/perceived weather 
change 

4.45  0.82  1.261–15.707  0.02*** 

Years of practicing technique 0.69 0.41  0.51 – 0.93  0.01*** 

 Weather forecast  2.13  0.68  1.25 – 3.61  0.01*** 

Gender 0.60  0.38  0.36 – 1.01  0.05** 

Constant 3.59     0.00*** 

N = 403 
Nagelkerke R Square = 0.301 

Chi-square = 10.96  
Significance level= 0.204 

2 Log likelihood = -417.60 
Overall correct prediction = 73.3% 

*** p<0.01, ** p<0.05, * p<0.1 
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3.4 Discussion 

Farmers’ perceptions and observations of climate change in their respective agro-ecological 

zones play a key role in shaping seasonal farming decisions. These perceptions influence their 

ability to adapt to climate variability, prompting transformations in farming systems that 

support sustainable agricultural production and livelihoods. Climate change, driven by global 

warming has led to more frequent extreme weather events and hazards that negatively affect 

livelihoods and human well-being (Ma et al., 2018; Gentle & Maraseni, 2012; Debela et al., 

2015; Apanga et al., 2017). In Africa, the agricultural sector is especially vulnerable due to 

both environmental and socio-economic factors (Yaro, 2013; Abebe et al., 2018). Smallholder 

farmers face a range of hazards, including land and soil degradation, drought, and erratic 

rainfall, which threaten crop yields and rural livelihoods (IPCC, 2014b; Derbile & Laube, 2014). 

Without appropriate on-farm adaptation strategies and support, climate change will likely 

continue to undermine food security and deepen poverty. Understanding farmers' 

perceptions, their adaptive responses, and the barriers they face is crucial for developing 

effective strategies to address the impacts of climate change on smallholder agriculture 

(Acquah, 2011). 

3.4.1 Observed or perceived climate change variations  

Smallholder farmers perceived or observed changes in weather conditions due to climate 

change have been recorded to impact planning and farming choices in coping or adapting to 

climate variations and impact on farming output. Farmer’s perceptions on climate variations 

varies in accordance with literature (IPCC, 2014b; Metag et al., 2017; AValéria et al., 2020). 

This is shown as responses to certain seasonal climate events such as length of the dry period, 

intensity of the rain, and its duration are impacting negatively on crops differently resulting in 

variation in yields. There is therefore the need for adjustment of crop and land management 

practice appropriate to reduce the risk of crop failure in enhancing adaptive capacity of the 

farming alongside the socio ecological systems to withstand climate shocks that may 

negatively affect livelihood. As literature suggested, there is the need to tailor adaptation 

strategies for climate impacts to ensure success using social learning through coproducing of 

knowledge from diverse stakeholders and knowledge sources (Srivastava et al., 2016; Partey 

et al., 2018).   
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3.4.1.1 Changes in temperature   

The record of a perceived reduction in temperature in both agro-ecological zones during the 

quantitative phase consistent with empirical evidence from Ayal and Leal Filho (2017) and 

Owusu et al. (2021) that certain aspect of smallholder farmers’ perception of climate change 

was inconsistent with meteorological data. This makes the findings important since 

smallholder farmers’ activities are plans based on their perception formed interacting with 

their environment. However, different farmers' interpretations of observed situations may 

differ resulting in different adaptation choices since perception is influenced by many factors 

(Capstick, 2018; AValéria et al., 2020).  

Findings of the study showed that 82.0 % of farmers' land management related adaptation is 

influenced by observed and perceived weather variations. A projected 1.50 C increase in 

temperature is expected to cause a 9 % decline in maize yield in West Africa (WMO 2022). To 

successfully adapt to climate change, farmers need access to reliable weather information, 

derived from TK or scientific sources to guide the adoption and use of appropriate 

technologies for successful adaptation to climate change. Yet, there is often a mismatch 

between available information and what is needed to support on-the-ground decision-making 

(Antwi-Agyei et al., (2021c), though farmers have proven their ability to manage their daily 

difficulties and make the most of available resources. The lack of suitable information often 

weakens farmers’ managing abilities, leading to conflicting perspectives and poor decisions 

on adaptation choices (Anatolie et al., 2021). This could further increase the existing deficit of 

adaptive capacity of smallholding farming systems, making them more vulnerable to climate 

variations that could inhibit resilience building and sustainability of smallholder farming 

livelihoods.  

High temperatures contribute to water stress in crops, inhibiting their development and 

ultimately reducing yields. To maintain productivity under such conditions, farmers must 

adopt crop varieties that are resilient to rising temperatures. Thus, making decisions based on 

inaccurate or unreliable information can severely undermine the productivity and resilience 

of smallholder farming households, particularly as they face increasing climate variability 

(IPCC, 2014). 
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Most focus group discussants, especially women, noted that elevated temperatures have 

made daily tasks more difficult and disrupted sleep at night, resulting in poor rest (Figure 3.8). 

This aligns with studies showing that heat stress negatively affects outdoor workers like 

smallholder farmers (Pogačar et al., 2017; Al-Bouwarthan et al., 2019; Mansor et al., 2019; 

Frimpong et al., 2020). Prolonged exposure to high temperatures during agricultural activities, 

as the study showed, can lead to mental, physical, and psychological health issues (Frimpong 

et al., 2020). Tasks such as seedbed preparation, planting, weeding, and harvesting now take 

longer due to slower work pace under extreme heat. Additionally, farming hours have 

decreased, as daily temperatures peak faster, causing early fatigue. Although individual 

tolerance varies, all respondents acknowledged a loss of labour time, reducing productivity. 

The combination of extreme heat, reduced work capacity, and health risks ultimately lowers 

yields and income, undermines food security, and deepens poverty among smallholder 

households. 

Furthermore, dry season farming relies heavily on irrigation, primarily using water from 

boreholes and dams. Due to extreme heat, only farmers with high heat tolerance can 

participate in off-season farming making it more profitable because of reduced competition 

and higher market prices. However, rising temperatures are reducing the number of farmers 

able to farm during this period, leading to lower food production for both household 

consumption and sale. This challenge is compounded by annual blue water scarcity, limited 

surface and groundwater availability, particularly in northern Ghana during the dry season 

(Asante & Amuakwa-Mensah, 2014; Water Footprint Network, 2018). 

3.4.1.2 Changes in rainfall patterns   

The results showed that farmers perceived uncertainty in rainfall in terms of the onset of rains 

in the raining season, variabilities in the onset of rains in the raining season, cessation of rains, 

drying period within the farming season, length of rainy days and number of dry days - 

consistent with previous studies (Antwi-Adjei et al., 2021; Omay et al., 2023).  

The difference in farmers’ responses across the agro-ecological zones concerning their 

observations of weather parameters such as drought period, rainfall patterns and intensity, 

reduced soil moisture, and temperature changes may have been shaped by a range of 

influencing factors such as social, institutional, cultural, or psychological elements 
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(Leiserowitz, 2005). Undoubtedly, it still supports the concept that effects of climate changes 

differ from one agro-ecological zone to another, thereby requiring different adaptation 

strategies (IPCC, 2014b; Ingram et al., 2016). However, parameters such as irregular rainfall 

patterns, increase in temperature and decrease in rainfall intensity were observed equally by 

farmers between the agro-ecological zones (Karki et al., 2020; Ngute et al., 2021).  

The onset of rains, length of rainy days and cessation of rainy season have impact on crop 

production (Gedefaw et al., 2018; Karki et al., 2020). For instance, with the onset of the rainy 

season quoted as starting in May in the Guinea savanna zone, unlike previously in March, it 

means more drier days, during which farmers must rely on previous produce to feed the 

family. Also, the delayed onset of the season puts pressure on land preparation and sowing, 

as everyone will be clamouring for the limited inputs needed for the start of the season, and 

as demand increases, cost increases. Help from other farmers, for example, will be difficult to 

solicit, and farmers must depend mostly on family members which limit the farm area 

cultivated as benefits as reported by Ahmed and Anang (2019) from mutual groups are lost. 

The irregularity of the onset of the rain adds to the farmers ’plight, as they are not able to 

predict the start of the season based on the previous year's rainy season for decision-making, 

resulting in ad hoc planning.  

While the number of rainy days affect flowering and filling of cops/ears of cereals, farmers 

have to time sowing such that these periods of crop development coincide with rainy days to 

ensure required yields (Yang et al., 2019). Also, the cessation of rains affects crop maturity 

and harvesting, beyond which crops in the field are prone to diseases and loss of yield. 

Majority of the focus group discussions revealed loss of soil fertility through the loss of top-

soil due to the increased rainfall intensity within a brief period, causing extra work in terms of 

activities to improve soil fertility that adds to the cost for production.  

Thus, farmers' decision-making processes have become more complex due to climate 

variability and impacts. This situation paves the way for policies that can introduce recent 

technologies for adoption as the fast-changing situation keeps eroding the traditional 

indicators faster than farmers could process and assign new signs or symbols to feed into the 

decision-making processes. For instance, the promotion of access and proper use of 

information technology (e-agriculture) by smallholder farmers would enhance access to 
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appropriate and timely information on weather conditions which are one of necessary 

conditions among others for increased productivity (Ponge, 2016).  

3.4.2 Factors contributing to changes in weather pattern  

The study revealed that farmers were aware of the causes of climate changes, most 

mentioning human activities that are harmful to the environment. This is consistent with the 

extensive literature affirming that climate change is human caused (anthropogenic). 

Respondents stated activities such as deforestation without mentioning the use of fossil fuels 

that contribute the most to CO2 emissions consistent with findings from Yamba et al. (2019). 

Some of the farmers (21%) stated that natural disasters are the cause of the changing weather 

patterns. Many of the farmers indicated that they have experienced decades of natural 

changes in the environment, which always allowed them to adjust their practices while 

learning to build adaptive capacity to these changes gradually. But human-made climate 

change phenomena are different, and farmers will need more time to gradually study and 

adjust to its rapid impacts. Local communities need education on climate change and its 

projected impacts on their environment and livelihoods. Sharing information can foster social 

learning leading to behavioural and cultural changes. This combined with access to 

appropriate technologies could enhance adaptive capacity which may lead to the resilience 

of both farming systems and the local economy. Education on climate change will also enable 

the few farmers (11.2 %) who attributed the causes to religious and cultural belief to 

understand better the underlying mechanisms of climate change impact. The state of 

uncertainty for the future that local communities are experiencing require policy 

interventions that will create room for social learning and coproduction of knowledge using 

multiple stakeholders with the aim to transform the society to become more resilient to 

changing weather (Durose et al., 2017; Church et al., 2022). 

3.4.3 Climate change impact on smallholder livelihoods  

Although African countries contribute only 3.8 % of total greenhouse gas (GHG) emissions 

(UN, 2011; WMO, 2022), research has shown that they will experience early and greater 

impacts than other continents due to weaker resilience in farming system with reduced 
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adaptive capacity, and greater dependency on environmentally sensitive sectors such as 

agriculture.   

3.4.3.1 Impact on the economy 

The results revealed that farmers have experienced climate change impacts over the last 

decade, consistent with literature that predicted early climate impact on smallholder farm 

productivity. Most respondents (81.1 %) described deepening poverty and hunger. Consistent 

with literature findings that specify climate change would worsen the already dire poverty 

conditions of African smallholding families when compared to other continents (FAO & ECA, 

2018; Trisos et al., 2022). For instance, the FAO (2018) report indicated that hunger is 

worsened in countries with agricultural systems sensitive to climate variability and high 

livelihood dependence on agriculture as in Ghana. FAO (2022) also reported an increase in the 

estimated population of the world’s under-nourished, and food deprived from around 806 

million in 2016 to almost 851 million in 2017.  

Although Ghana’s situation has not reached the status of a chronic food-deprived state, with 

the rate of increase in climate change and extreme conditions, the threat of smallholder 

farming families ending up in such a situation is more realistic. With low yields and long dry 

periods, families must depend on almost non-existent stored food until the next crop season 

produce is harvested, leading to a vicious cycle. For instance, FAO (2015 a&b) and Stuch et al. 

(2021) showed that maize and tropical cereals (sorghum and millet) are the dominant crops 

for food security in sub-Saharan Africa. As they cover about 73 % of the harvested grain 

producing areas and are widely spread across varying agro-climatic areas within the region 

(Singh & Singh, 2017).  

The findings also noted that they contribute about 86 % (maize) and 88 % (tropical cereals) 

production to food availability and demand in the sub-Saharan African region with only 0.6 % 

maize and 0.3 % tropical cereals exported from the region emphasizing the importance of 

these cereals to food security in the region. However, with changing climatic conditions 

predicted to affect the yields of these crops, sub-Saharan Africa including Ghana, faces food 

security threats for which governments need to develop policy interventions for adaptation 

and prevention through social learning and capacity building.  
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Agriculture is still the main stay of Ghana’s economy that employ 44.7 % of workforce of which 

majority practice smallholding in food crop production (Dwamena et al., 2022). Also, 

smallholding production accounts for about 80 % of Ghana’s agriculture output and 28 % of 

the gross domestic product (Ofori-Sarpong, 2001; Baidu et al., 2017). Thus, if Ghana is to 

achieve its SDGs in eradicating poverty and hunger and achieving economic growth, then 

resilience of smallholding food production systems must be enhanced to withstand climate 

impact and increase productivity. Through the provision of access and use of agricultural 

innovations using combined knowledge since smallholding production fuels rural as well as 

the general economy. 

3.4.3.2 Impact on farming activities  

The study revealed that farmers experienced a range of negative impacts due to climate 

variability, including poor yields, increased pest and disease infestations, and declining soil 

fertility, largely driven by extreme weather events such as floods and high winds (Figure 3.8). 

These findings align with existing literature indicating that temperature and rainfall increases 

have reduced cereal yields by 10–20% for maize and 15% for rice (Nelson et al., 2009; 

Thornton, 2012). Farmers' frustrations echoed in Thornton’s (2012) findings, which show that 

while some crops tolerate higher temperatures, they remain highly sensitive to rainfall 

variability. Additionally, crops that withstand flooding may become more vulnerable to pests 

and diseases, and even disease-resistant varieties can struggle when night-time temperatures 

rise. 

This growing complexity in agricultural decision-making has made smallholder farming 

increasingly difficult. Farmers are now required to make more frequent, informed decisions 

to maintain productivity and secure their livelihoods. This underscores the critical need for 

timely access to relevant climate information and resources, a conclusion supported by 

Yaseen (2016) and Hamooya and Ngoma (2019), who emphasize that information access is 

vital to agricultural productivity and sustainability. 

Climate variability has also led to increased production costs. Smallholder farmers now incur 

additional expenses for land preparation such as hiring tractors or animal-drawn ploughs to 

respond quickly to unpredictable rain onset. Declining soil fertility has further pushed up 

costs, especially for fertilizers. Although fertilizer use in sub-Saharan Africa averages just 17 
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kg/ha far below the global average of 135 kg/ha (AGRA, 2018), many smallholder farmers 

cannot afford adequate quantities. Those who manage to apply fertilizer at sowing often 

cannot afford follow-up applications during critical growth stages like flowering, leading to 

lower yields, especially in maize production. 

Transportation and market access remain significant challenges. Poor road infrastructure 

increases the cost of moving produce to market, and most farmers, especially women, are 

forced to sell at the farm gate to intermediaries or in local markets—often at disadvantageous 

prices. During bumper harvests, farmers lack the means to store, or process produce and 

must sell quickly at low prices. Intermediaries often exploit this situation, using delay tactics 

to force lower prices (Orlove et al., 2010; Yaro & Teye, 2019). 

Farmers also reported increased use of pesticides to control the rising incidence of pests and 

diseases linked to climate change. However, many lack access to up-to-date pest and disease 

information due to limited contact with agricultural extension officers. As noted in the study, 

61.4% of farmers could not access farming information online due to language barriers and 

low literacy levels (Table 3.1). This is consistent with Anang et al. (2020), who highlight how 

limited education hampers farmers’ ability to adopt modern technologies and improve 

productivity. 

To enable smallholders to adapt effectively, there is an urgent need to establish systems that 

provide accessible services, including climate forecasts, market updates, and agronomic 

advice. These services must be delivered in local languages and formats suitable for 

communities with high illiteracy levels (Kidido et al., 2017). 

3.4.3.3 Impact on the environment  

This study revealed that flooding of farmlands during the rainy season due to the high 

intensity of rains has become frequent. This causes a total or partial loss of yields, or additional 

production costs when resowing is done to ensure that loss in yield is minimised if floods 

recede early. This undoubtedly requires policy interventions such as insurance against the 

effect of extreme weather conditions, to sustain smallholding farmers’ livelihoods consistent 

with findings from Acquah (2011). The flooding of communities displaces members, and 

strong winds cause occasional collapse of buildings, resulting in further economic hardship in 

the communities according to the farmers. As extended family members usually must 
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accommodate and support the displaced families or community members (Hudson et al., 

2020; Auliagisni et al., 2022).   

Also, the combination of a decrease in rainfall, increase in temperatures, and frequent long 

drought is leading to a considerable decrease in the flow of water bodies, resulting in water 

stress in terms of domestic and farm use. For instance, a study of selected rivers in Ghana by 

Kankam-Yeboah et al. (2013) showed that rivers in the White Volta basin will experience a 

decline in stream flow of approximately 21.6 % by 2020 and 50.1 % by the 2050s. This 

disturbance may impede access to potable water and may spark animosity among community 

members who are already suffering economic hardships (WMO, 2022). 

3.4.4 Access and use of weather information  

In the wake of climate change effects, climate information has become pivotal in planning - 

particularly in agriculture, a vulnerable sector as well as a contributor to CO2 emissions.  

However, the study revealed that the majority (68.5 %) of smallholder farmers showed 

interest in weather information and used both traditional and scientific sources in planning 

their farming activities to adapt to changes in their environment. But there are still some 

farmers (31.5 %) who had no interest in weather information, although this regard sustaining 

their livelihood as yields will continue to decline without adaptation strategies specific to 

climate impacts. These farmers’ stances may be interpreted as stemming from lesser 

understanding of the full effect of climate change due to lack of education on climate change 

causes and effects in the communities as shown in literature (Anabaraonye et al., 2020; Belay 

et al., 2022; UNDP News, 2023). This was evident from all the focus group discussions stating 

there has not been any education in the communities about climate change, its causes, and 

impacts from experts.  

Though, a proportion of farmers (35%) stated that they use weather phenomena and 

experience in making farming decisions, findings show that these signs are becoming quickly 

ineffective due to climate effects. For instance, a sign of heavy morning dew phenomenon 

interpreted as no rain in the Sudan savanna zone is no longer experienced because of an 

increase in night-time temperatures over the past decade. This has affected the yields of early 

millet cultivation since the maturity stage depended on the morning dew for its development 

till harvesting.  
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Also, section of farmers are becoming skeptical of their own perceptions and predictions of 

the weather, as revealed by the findings in the rapid erosion of familiar signals used in weather 

prediction. However, there are still a section of farmers who prefer to use traditional methods 

in weather prediction. As the study findings showed that 31.6 % of respondents in both zones 

preferred traditional methods of prediction, though the highest number was in the Sudan 

savanna zone. One could argue that the situation augurs well for local policy formulation on 

adaptation to climate change as solutions could be tailored for both zones through social 

learning and knowledge coproduction with multiple stakeholder participation. Also, general 

education on the impact of climate and extreme weather events and various strategies for 

adaptation based on both traditional and scientific knowledge sources for capacity building.   

The rapid erosion of the relevance of traditional signs and symbols (Sumi, 2018) for weather 

prediction due to climate impacts necessitates that farmers look for alternative information 

sources for decision-making. As revealed by study findings, most farmers use weather forecast 

information by listening to radio or television, accessing daily weather forecasts on rainfall 

and temperature for planning their farm activities. However, for the sustainability of 

smallholding farming, more specific, detailed, and tailored climate information is required for 

decision-making (Vaughan et al., 2018; Agyekum et al., 2022).   

Additionally, farmers should have other information such as new farming techniques, market 

trends, new crop types, pesticides and impact of climate on crop yields alongside their 

traditional knowledge in decision-making. This is important to feed into farmers’ choices and 

farming decisions such as changing in dietary requirement by cultivating crops that may 

provide better performance.  

The study revealed that, in the Guinea savanna zone, cassava cultivation is fast replacing yam 

production as cassava is recorded to have a high tolerance to poorer weather conditions such 

as longer drought and poorer soil. Also, maize cultivation has replaced sorghum production, 

as such the focus group discussant asserted that their children did not know ‘tuo zaaf’ 

(traditional dish) prepared using sorghum previously but current using maize.  

But Stuch et al. (2021) revealed that tropical cereals (sorghum and millet) have a higher 

temperature tolerance than maize, making tropical cereal more suitable in the study zones 

than maize production. Also, Traore et al. (2017) reported from Mali that maize grain yield 

loss of up to 57 % caused by climate change could be offset by applying recommended 
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fertilizer doses. Similar conclusions were drawn for pearl millet, but with a lesser effect of 

climate change on this drought-resilient crop (10 % loss in grain yields). Undoubtedly, farmers' 

access to this type of information will ensure choices that maximise the advantages in 

producing crops that will give the most produce. However, in the absence of such information, 

farmers seem to have been making choices that may have negative impact, since heat stress 

is predicted to considerably reduce yields in cereals (Traore et al., 2017).   

While farmers access information from various sources including family and friends, radio 

remains the preferred medium for weather information in the study area. In the Guinea 

savanna zone, this preference is largely due to local radio stations broadcasting in the local 

dialects, making the information more accessible to most of the smallholder farmers with low 

level or on education. In contrast, the respondents in the Sudan savanna zone preferred 

television, which is mostly broadcast in English, possibly reflecting their higher levels of formal 

education.  

The findings show that the delivery of weather information must reflect the preference of the 

farmers. This implies that policymakers need to develop systems for delivering weather 

information tailored to farmers' needs, easily accessible and useful for decision-making and 

planning. Depending on the region or community, weather information could be delivered 

through agriculture extension services, mobile apps, SMS, or radio. Choosing an appropriate 

medium is important to the delivery of weather information, as it determines whether 

recipients can access and use the relevant information at the required time. However, no 

matter what service is employed, it must be easily accessible and affordable to the end users. 

For instance, a proportion (22.6 %) of farmers stated that they do not use weather forecasts 

because they do not own mobile phones or radio sets to listen to the forecasts.  

This augurs well for coproduction of knowledge using both TK and SK in policy formulation on 

the forms of weather information and medium to use for delivery in each sub-district for 

effective utilization by local communities. Also, since credible weather information is key if 

farmers will access the information, the farmers' involvement in policy formulations on the 

type of information and delivery could build trust in the use of the information for decision-

making. This will cater to the portion of farmers who stated that they do not use climate 

information due to the unreliability of the information provided. Since farmers will have both 
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climate and other information based on their experience and scientific decision-making, they 

will have complementary information that ensures appropriate decisions that they can trust.  

3.4.5 Farmers’ training and group activities 

Although some of the smallholder farmers have seen some benefits of training, their 

experience can be described as limited since the follow-up training to ensure that the skills 

were acquired, or that modern technologies or techniques were adhered to did not take place. 

Occasional training and a two-year wait for the next training schedule, as indicated by the 

focus group discussions, does not put farmers at an advantage after climate variation. 

Smallholder farmers need more information and interaction with specialists to combat the 

effects of climate change on farming activities.  

If extension services are to be used as a channel for weather information delivery, then there 

is the need to overhaul the system to enable delivery of tailored services that farmers can use 

to adapt and build resilience for the sustainability of farmer households. As shown by findings 

from the focus group discussions, though few farmers participated in farm group activities, 

there is no doubt that many benefits could be derived from them. If this potential is 

harnessed, agriculture extension delivery could take on a different dimension for cost effective 

services.  

3.5 Conclusions  

This chapter revealed that smallholder farmers' perceptions of the changing environment 

influence their decision-making in coping and adaptation choices on and off-farm.  

Perceived changes in temperature and rainfall patterns due to climate change were exhibited 

by smallholder farmers in the study. The changes observed have negatively affected food 

production, leading to the suggestion of gradual deepening of poverty and hunger among 

smallholder farmers. Although farmers adopt traditional techniques to adapt to the changing 

weather, the study concludes that it is evident that more needs to be done by combining them 

with modern technologies for adaptation which could help support resilience building of 

farming systems and livelihood.  
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Farmers are changing the types of crops cultivated due to the decrease in yield that they 

attribute to changing climate based on their perception. Evidence in the literature shows that 

some of the crops being dropped can do well under the scenarios of high temperature, 

decrease in rainfall, and changing rainfall patterns. Therefore, local research on the effects of 

climate on the yields of traditional crops, such as sorghum, millet, and rice are required to 

ensure that the farmer's decision to shift from traditional crops to introduced crops is based 

on accurate information. 

The chapter also reveals that smallholder farmers primarily receive general weather forecast, 

daily temperature and rainfall updates through radio and television. However, this information 

is often too broad to effectively support decision-making in the context of a rapidly changing 

climate. Farmers require detailed and tailored climate information, coupled with advice on 

possible adaptation practices that can complement their traditional techniques based on 

understanding of their local environment. But the absence of this information and the lack of 

education on climate change and its impacts on crop production has left farmers in a 

somehow perplexed state, as nothing they do seems to produce the expected results, the 

study has shown.  

The chapter further revealed that farmers prefer public extension service delivery since they 

find it beneficial. However, the time available for farmer engagement is so minimal that 

farmers seem in limbo when it comes to climate changes. And with the extension staff to 

farmer ratio of 1 to 1300 farmers (Anang et al., 2020), even if all the extension workers are 

deployed, the minimum of a two-year gap, as revealed by the study, between engaging 

farmers will not suffice in the wake of climate variability. Also, there is the need for an overhaul 

of the information delivered to meet the specific needs of farmers based on their preferences. 

Furthermore, there are still a fraction of farmers who do not trust weather forecasts enough 

to depend on them or use them alongside their own predictions.  

The chapter concludes that meteorologists, extension agents, and farmers need to work 

together to design weather and agricultural information and advisories that are suitable for 

smallholder farmers to improve uptake and utilisation. As agricultural extension agents play a 

central role in any agricultural extension system, and with the quality of the system dependent 

on their effectiveness, it is necessary to enhance the capacity of the agents to provide the 

most appropriate services.  
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Chapter 4 

Traditional knowledge and climate change adaptation by smallholder farmers in two 

agro-ecological zones in northern Ghana 

 

Objective 3: To determine the various adaptation strategies used by farmers. 

Objective 4: To outline the traditional knowledge used and how it augments the use of 

scientific methods in adaptation to climate variabilities. 

Research question 2: What strategies are farmers employing that are informed by traditional 

knowledge to adapt to these climate variations?  

Research question 3: Which combined strategies have become a regular practice used by 

farmers?  

Hypothesis: The chapter hypothesised that factors that will influence the development of 

strategies to manage climate change variation will include the agro-ecology zone, gender, age, 

position in household, land ownership type, land area, number of plots available, level of 

education, access to weather information, farming years, perception/observation in climate 

variation, and agricultural training received. These factors are based on findings of previous 

authors that traditional coping strategies by smallholder farmers to climate variabilities are 

altered by many socio-economic and environmental factors (Deressa et al., 2011; Ndamani & 

Watanabe, 2016; Osei 2017; Antwi et al., 2018; Yamba et al., 2019). 

Abstract  

Smallholder farmers in Ghana have been adjusting their farming practices to adapt to changes 

in natural climatic conditions to sustain their livelihoods. However, never has there been such 

a fast pace of change in natural weather as seen with current anthropogenic climate change 

variabilities. The impact of these variabilities on farming activities of smallholder farmers as 

predicted in literature is threatening to deepen hunger and food insecurity in developing 

nations where smallholder farming systems depend mostly on rain-fed agriculture. 

Smallholder farmers are adapting by using their traditional knowledge to combat these 

variabilities in the fast-changing environments in anticipation of enhancing resilience in the 
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farming system and their livelihoods. This chapter, therefore, aimed to examine the various 

adaptation/coping mechanisms of smallholder farmers in facing climate variations and to 

explore how traditional techniques are employed alongside scientific technologies.   

The study covered four districts from two agro-ecological zones in northern Ghana, using a 

logistic regression model to determine the factors that informed farmers' choices in adopting 

both traditional and scientific technologies combating climate change impact locally.  The 

study employed mixed methods, using both quantitative and qualitative methodologies, such 

as questionnaires, focus group discussions, and in-depth interviews with smallholder farmers, 

elders, and opinion leaders in the selected communities.  

The study’s findings show that the farmers' perception or observed changes in weather, 

household head, available crop techniques, and access to weather information positively 

influence farmers' decisions. However, education level, number of plots, gender, agro-

ecological zone, number of crops grown and number of years in farming had a negative impact 

on decision-making. The farmers use mixed cropping, various crop techniques (early-

maturing, disease, pest, and drought-resistant varieties), and shifting cultivation for crop 

management practices. Mulching, mound-making, and bunding are employed for water 

conservation practices though due to choices in land clearing methods, bunding and mound-

making is gradually becoming obsolete due to its unsuitable manual construction. Findings 

also show that farmers are becoming more prone to debt, due to an increase in input costs 

with declining yields.  

Furthermore, traditional knowledge seems to be losing its appeal in the communities due to 

a lack of awareness of the full benefits of some techniques practiced. In addition to the rapid 

rate at which climate impact wipes out practices based on nature, making them less effective. 

Even so, since farmers will continue to use traditional knowledge due to its low or zero cost, 

it could be used as a basis for targeted agro-ecological education on climate change 

adaptation. 

4.1 Introduction  

African smallholder farmers' knowledge and management decisions are mostly informal, but 

they are becoming recognised for being exceptionally well-informed, making their 
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contribution to local and regional adaptation planning significant (Morton & Abendroth, 2017; 

Šūmane et al., 2018). Their choices are also rooted in information essential to socio-cultural 

complexity such as geography, language, resource usage practices, religion, and belief systems 

(Tengö et al., 2014) and are classified as indigenous, local, or traditional knowledge.  

This knowledge is believed to be the accumulation of time-tested experiences in which they 

adapt to local situations to handle environmental, social, administrative, and health issues, 

including resource utilisation and community integration (Radeny et al., 2019). The use of 

traditional techniques is embedded in their experience and knowledge in adjusting and 

adopting practices to adapt to climate change impacts in their communities for the 

sustainability of their livelihoods.  

These practices include adjustable daily farm activities and long-term initiatives according to 

Leal Filho et al. (2021), which they expect can lead to farm system resilience and sustainability 

in the wake of climate impacts. Traditional knowledge is thus acknowledged for its potential 

to play a critical role in climate change adaptation (IPCC, 2021; 2022), resource governance, 

conservation, and the sustainable use of biodiversity and ecosystems (IPBES, 2018). Also, with 

the potential to contribute to the achievement of the Sustainable Development Goals (Tengö 

et al., 2014). 

4.1.1 Traditional Knowledge   

Traditional knowledge (TK) is the wisdom, innovation, and practice of native and local 

communities around the world. The knowledge is formed from exposure earned over the 

years through experimentation (Gadgil et al., 1993). Teran (2018) defined traditional 

knowledge as an oral collection of knowledge that has been extended through generations 

over the years in adaptable and active communal establishments with socio-economic and 

ecological beliefs, worldviews, and political processes. Traditional knowledge is ingrained in 

the close relationship of local societies with nature and ecosystems due to the bio-cultural 

nature of their practices and the belief that all living beings are connected as part of nature 

(Teran, 2018). Therefore, traditional knowledge is experiences acquired over a period that is 

tailored to local customs and settings and is transferred verbally generationally (CBD, 2016).  

https://link.springer.com/article/10.1007/s00267-021-01510-w#ref-CR28


 

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana – Ph.D. Dissertation                 103 

Furthermore, according to the UNESCO (2017), local and indigenous knowledge comprises 

the considerations, techniques and values created by societies after years of mingling with 

nature. Thus, the land is the essential foundation of intelligence, wisdom, and ethnic 

differences between communities (Teran, 2018). However, the definition of traditional 

knowledge depends on the ethnic, environmental, and rightful settings of its usage. This has 

led to numerous definitions, as noted, though there is no globally accepted definition due to 

the complexity of the knowledge gained and its usage.   

In distinguishing between the three mostly used names – Indigenous knowledge is ‘body of 

knowledge held by Indigenous people or local knowledge unique to a given society ’(Berkes, 

2017: 7). While local knowledge is said to be knowledge acquired by any group living off the 

land in a particular area over a long period of time (Langill, 1999). These according to some 

practitioners bound the knowledge to locality, thus exempting non-indigenes that have lived 

in the locality for a long time. Traditional knowledge then is a cumulative body of knowledge, 

practice, and belief, evolved by adaptive processes and handed down through generations by 

cultural transmission, about the relationship of living beings with one another and with their 

environment (Berkes, 2012) whereas Indigenous knowledge is defined to be a body of 

knowledge built up by a group of people through generations of living in close contact with 

nature (Johnson, 1992). However, indigenous people are said to be origins of an area or 

geographical location with their own culture and belief system distinct from the international 

systems of knowledge. 

4.1.2 Description of traditional knowledge  

Traditional knowledge is described as dynamic, all-inclusive, and transmitted from one 

generation to another through connected experiences in native dwellings. The moral value of 

this knowledge depends on sustaining the credibility of the land itself (Battiste, 2005). In 

literature, there have been several terms used to describe traditional knowledge. For 

example, indigenous knowledge (Gadgil, Berkes & Folke, 1993), local and traditional 

knowledge (Thornton & Maciejewski, 2012), local ancestral knowledge and practices, 

traditional ecological/environmental knowledge (Berkes, Colding & Folke, 2000; Díaz et al., 

2015; Berkes, 2018). Also, traditional wisdom (Turner et al., 2000) and indigenous and local 

knowledge systems (Díaz et al., 2015), indigenous technical and rural knowledge as well as 
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ethno-science or people's science (Altieri, 1995). Traditional knowledge is sometimes 

described as verbal customs in song, dance, painting, sculpture, chants, and performances 

through the centuries. However, its realistic nature appears in farming, fisheries, health, 

horticulture, forestry, and conservation management in general (CBD, 2016).  

In support of this, the World Intellectual Property Organisation (2018) pointed out that 

traditional knowledge comprises the content of knowledge itself, coupled with traditional 

cultural languages, including distinguishing emblems and symbols. Hence, traditional 

knowledge is jointly expressed in songs, myths, stories, ethical principles, proverbs, public 

regulations, rituals, local dialects, and agricultural practices, and relates to the advancement 

of improved plant and animal species (WIPO, 2018).   

4.1.3 Features of traditional knowledge   

According to Delanty (2000), traditional knowledge as a worldview consists of cultural values 

combined with practices and knowledge systems linked to metaphysical, ecological, and 

technological fields. Indigenous knowledge consists of a unified body of knowledge that 

includes:   

a. Learning systems: traditional ways of counting and quantifying, indigenous games, 

processes of invention, and explorations of approaches to information 

dissemination.   

b. Control measures: traditional regulations, taboos, rituals, environmental  

management, decision-making processes, conflict resolution and common property 

practices.   

c. Culture: expressed in songs, values, stories, beliefs, secret societies, local  

languages, dances, and proverbs.   

e. Medicine: covers a wide range of practices – herb treatment, disease classification, 

medicinal plant use and storage methods and classification of local flora and fauna. 

Traditional healers divided into herbalists, spiritualists, and ritualists with varying 

training and qualifications.  

f. Agriculture: knowledge of seasons for planting/harvesting, land preparation, 

propagation of plants, seed storage, and methods of using manure as fertilizer.    

f. Traditional knowledge of textiles, local crafts, building materials, indigenous tools, and 

energy conservation (Kargbo, 2006).   
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4.1.4 Values of traditional knowledge  

Traditional knowledge holds immense value through communities’ deep-rooted 

understanding of their surroundings, serving as a strength of immeasurable worth. The 

natural diversity of the landscape, essential to all living beings, is preserved in local dialects, 

rituals, and customs, offering insights into nature comparable to those housed in the libraries 

of modern science (Nkomwa et al., 2014; Jiri et al., 2016; Makate, 2019). Moreover, the 

importance of local knowledge extends beyond familiarity with soils, plants, and animals; it 

plays a critical role in climate change mitigation and adaptation strategies (Smith & Sharp, 

2012; Makondo & Thomas, 2018). Examples include the use of environmental indicators for 

climate monitoring (Speranza et al., 2010; Ndamani & Watanabe, 2016; Ansah & Siaw, 2017), 

composting plant residues to improve soil fertility (Radcliffe, Parissi & Raman, 2016) and 

classifying soils to optimise crop production and yields (Osbahr & Allan, 2003). Additional 

practices involve using leguminous plants in mixed cropping and agroforestry for nitrogen 

fixation, relying on native plants for food security during dry seasons, and applying natural 

methods for soil and pest management (Radcliffe et al., 2018) 

Indigenous knowledge techniques are typically low-cost, rely on local resources, and often 

align with the ritual and cultural practices of societies (Gorjestani, 2000; Lodhi & Mikuleckey, 

2010). They also contribute to the sustainability of farming practices, enhance food security, 

and strengthen food system resilience under climate change (Lwoga, Ngulube & Stilwell, 

2010; Mbow et al., 2019). According to WIPO (2018), this knowledge emerges from rational 

actions and practiced skills within an established system. For rural communities, however, it 

is deeply embedded in daily decision-making, shaped by complex cultural elements such as 

language, classification systems, social relations, resource use, rituals, and spirituality 

(UNESCO, 2017). 

In terms of social learning, a diverse knowledge base can serve as a foundation for communal 

learning by bringing together individuals with different expertise to share their knowledge, 

experiences, and perspectives, thereby enhancing community capacity (Ensor & Harvey, 

2015; Thi Hong Phoung et al., 2017). Through cooperation, societal actors can develop 

alternative viewpoints that strengthen the community’s ability to withstand shocks (Bos et 
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al., 2013). For example, Choudhury et al. (2021) described Indigenous and Local Knowledge 

(ILK) as a form of social learning, noting that it originates within social groups and 

communities of practice. ILK is built through empirical observation and trial-and-error 

processes, transmitted across generations, and deeply rooted in local institutions and 

traditions (Berkes, 2018; Trogrlić et al., 2019). Additionally, traditional learning–by–doing and 

doing–by–learning is embedded in social learning cultivated through process of 

experimentation that is essential to overcome stable and difficult to change socio-technical 

system or introduction of technologies in the community (Brugge & Rotmans, 2007). 

4.1.5 Traditional Knowledge and Science Knowledge    

According to Arce and Long (1992), knowledge determines how people comprehend the 

world surrounding them. Munyaradzi (2014) asserted that knowledge in general terms could 

be understood as an individual belief that is justified in some ways with the ability to influence 

one’s thinking, actions, and behaviour. In the concept of knowledge co-production, 

knowledge is regularly construed as something out there (an implement, a framework, 

devising or resolution to an issue, etc.) that leaders could use in future development.  

Knowledge can therefore be expressed, combined, and disseminated through scientific 

articles, knowledge appraisals, and books that can be comprehended orally or by reading. 

Hence, it is global and not bound to the lifestyle of a particular place or people (Mahony & 

Hulme, 2016; Balvanera et al., 2017; Beier et al., 2017).  

Conversely, Lodhi and Mikulecky (2010), purported that knowledge is generated and spread 

through social interactions between perceptible and imperceptible and can follow four basic 

patterns:  

• People share intangible knowledge through personal contact.  

• Substantiation of the intangible by turning it into tangible form to benefit others through 

codification of the experiences, judgments and insights.   

• Tangible to tangible (mixture) pattern, where individuals synthesise knowledge to create 

a new whole.   

• Tangible to intangible (incorporation) pattern, in which individuals use the codified 

knowledge of others to broaden their own intangible knowledge.  

https://www.sciencedirect.com/science/article/pii/S0959378012001434#bib0385
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According to Parsons et al. (2017), the Indigenous knowledge system has different but 

interconnected dimensions: governance and management practices, cosmology that 

encompasses ethics and values, and data that includes observations of places, processes, and 

relationships. However, complex and insecure natural and social worlds require the 

resolution of existing problems using diverse types of knowledge (Conklin, 2001).  

Moreover, since knowledge is not uniform, varied knowledge can provide the public with 

diverse viewpoints to contextualise issues (Wang, 2015). But to Berkes and Berkes (2009), 

indigenous and scientific knowledge have both comparable and non-comparable attributes. 

However, scientific, and indigenous knowledge are both vital avenues for the public to view 

the world and shape matching remedies. Also, indigenous, and scientific knowledge have 

clearly distinctive characteristics; the former is traditional, verbal-based, qualitative, oral, 

indicative, and local, while the latter is recent, number-based, documentary, quantifiable, 

exact, and worldwide (Berkes & Berkes, 2009).  

In support, Moller et al. (2004) listed the complementarity of both knowledges in five 

respects, as presented in Table 4.1.  

Table 4.1: Complementarity of science and traditional knowledge (Moller et al. 2004).  

Science Traditional Knowledge (TK) 

Science is synchronic (short time sequences) and 
tends to collect short-term data over large areas. 

TK is diachronic (long time sequences) and 
collects information over long periods. 

Science focuses on averages. TK focuses on the extremes. 

Science deals with quantitative information. TK is qualitative information. 

Science utilises approved tests of mechanisms. TK utilises improved hypotheses. 

Science is objective. TK is subjective. 

 

Science and traditional knowledge (TK) can complement each other in data collection: science 

provides broad, synchronized data over large areas in short periods, while TK offers long-

term, place-based insights that serve as valuable baselines. Because weather events span 

both time and space, integrating these knowledge systems leads to more comprehensive 

decision-making. As Folke et al. (1998) noted, TK offers temporal depth but may be event-

specific, whereas science can detect changes across regions and explain their underlying 

causes. 

While much of science is based on collecting numerical data, with emphasis on statistical 

analysis of averages, holders of traditional knowledge are exceptionally good at observing 
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extreme events, variations, and unusual patterns and remembering them through oral history 

and social memory.  

Science emphasizes quantitative data from specific parts of a system, while traditional 

knowledge provides a qualitative, holistic understanding. Since complex systems require both 

detailed measurement and broad context, the two approaches are complementary. 

Qualitative methods are typically faster and more affordable but less precise. In low-resource 

settings where traditional harvests are common and scientific research is costly, simple, rapid, 

and reliable monitoring methods are crucial (Moller et al., 2004). 

Traditional knowledge helps generate relevant hypotheses, while science explains the 

underlying "why." Though science may explore less relevant questions, combining both offers 

context and analytical depth. Chalmers and Fabricius (2007) showed that local insights 

revealed observed changes, while science explained broader patterns and predicted unseen 

trends. 

Science seeks objectivity by excluding people and emotions, while traditional knowledge 

embraces them, strengthening community ties. Scientific methods often distance researchers 

from nature, whereas traditional knowledge stays grounded in local context (Nakashima & 

Roué, 2002). 

Observation is key to both traditional and scientific knowledge (Berkes & Berkes, 2009). 

Traditional knowledge develops through long-term, community-based observation, while 

science often relies on short-term studies by external researchers (Sutherland et al., 2014). 

Unlike the bottom-up nature of traditional knowledge, science is typically top-down and 

institutionally supported, enjoying higher status and more advanced systems (Sen, 2005; 

Sillitoe & Marzano, 2009). 

Scientific knowledge is seen as more economically efficient, while traditional knowledge lacks 

the structure and innovation to boost productivity and income. However, climate change 

impacts have shown that science alone is incapable to address complex environmental and 

social issues, making traditional knowledge vital for effective policy design (Raymond et al., 

2010; Cullen-Unsworth et al., 2012; Byg & Salick, 2009; Weber, 2010). 
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Scientific knowledge enables expertise and evaluation of actions for long-term effectiveness. 

However, climate adaptation programs rooted in Western science often marginalize 

indigenous knowledge, treating it as less valuable (Whitfield et al., 2015; Belfer et al., 2017; 

Lesperance, 2017). 

Since knowledge systems often influence each other (Makondo & Thomas, 2018), integrating 

scientific and traditional knowledge through a multiple evidence-based approach can 

enhance climate adaptation. This fosters social learning, embeds shared understanding in 

communities, and builds social memory, key to resilience and effective responses to future 

shocks (Berkes, 2007; Folke et al., 2005; Reed et al., 2016). 

4.1.6 Summary  

Traditional Knowledge (TK) is widely recognized internationally as a valuable resource, 

developed over generations through close interaction with the environment. It is deeply 

embedded in cultural practices, technologies, socio-economic beliefs, worldviews, and 

political processes, and is typically passed down orally (CBD, 2016; Teran, 2018).  

Historically, TK has played a significant role in both ecological and farming systems, and more 

recently, in climate change mitigation and adaptation (Smith & Sharp, 2012; Makondo & 

Thomas, 2018). Techniques derived from TK, such as environmental indicators for climate 

monitoring, soil improvement practices, and local soil classification systems, have been 

proven effective in enhancing crop yields and supporting sustainable agriculture (Osbahr & 

Allan, 2003; Ndamani & Watanabe, 2016; Radcliffe, Parissi & Raman, 2016; Ansah & Siaw, 

2017). These methods are cost-effective, utilize locally available resources, and are tailored 

to specific local environments. As a result, TK holds significant potential to enhance 

sustainable agriculture, ensure food security, and strengthen food system resilience in the 

face of climate change (Mbow et al., 2019). 

Despite these advantages, TK has often been marginalized due to its non-scientific methods 

of accumulation, which are viewed as lacking empirical rigor (Whitfield et al., 2015; Belfer et 

al., 2017; Lesperance, 2017). However, with the growing urgency of human-induced climate 

change, TK is gaining renewed attention especially as effective climate adaptation increasingly 

requires location-specific strategies. This has highlighted the importance of co-producing 
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knowledge from multiple sources to inform climate policy and action with the key challenge 

lying in harmonizing these distinct knowledge systems within policy frameworks as TK used 

by local communities is rarely documented (Patt & Gwata, 2002; Vogel & O'Brien, 2006).  

Although there has been significant global progress in documenting TK, many African 

countries lag in both the preservation and systematic recording of traditional knowledge. TK 

in Africa remains at risk of extinction due to globalization and its continued reliance on oral 

transmission (Maluleka & Ngoepe, 2018; Ogar et al., 2020; Owolabi et al., 2022; Mdhluli et al., 

2021). Scholars such as Okorafor (2010), Adeniyi and Subair (2013), and Madar (2024) noted 

that African Indigenous Knowledge is often poorly managed with its oral nature leading to 

distortion or loss when knowledge holders pass away. 

Like many African nations, Ghana faces a pressing need to close the documentation gap by 

building a comprehensive repository for TK and establishing institutional frameworks to 

protect intellectual property rights. This is essential for ensuring the incorporation of TK into 

policy frameworks for the benefit of society. This chapter contributes to this effort by profiling 

and documenting the climate adaptation technologies used by smallholder farmers, drawing 

on both traditional and scientific knowledge systems. 

4.2 Materials and methods 

4.2.1 General characteristics of the study zone 

The study was conducted in two agro-ecological zones (Sudan and Guinea savanna) of 

northern Ghana that are characterised as vulnerable to climate change variations due to 

weather conditions (refer to section 2.3). 

4.2.2 Methods 

The study used mixed method models for the collection of data (refer to section 2.5).  

4.2.3 Data analysis 

The data was collected using an offline survey software from Lighthouse Studio 9.12.1, 

exported to Microsoft Excel 2010 for cleaning. (refer to section 2.6).  
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4.3 Results 

4.3.1 Land preparation management strategy 

4.3.1.1 Land preparation  

Climate variations in terms of changing rainfall patterns such as delay in onset of rains and 

shorten rainfall demand that farmers adopt ways to prepare their land to meet rains for 

cultivation to ensure productivity within a farming season. For instance, with shortened 

rainfall within a season, land preparation must be done promptly at the right time for sowing 

to ensure water for plant growth. Thus, traditional ways that community members support 

each other at different times within regular predicted time of the start of the rains for the 

season could no longer hold, requiring farmers to adapt using a quicker way to do so. 

Overall, 65.5% of the farmers indicated that they have changed their land clearing methods 

due to changing climatic conditions for the past ten years. Of these respondents who have 

changed their general land clearing techniques, 74.7 % indicated the use of either tractor or 

animal-driven ploughs while 23.3 % still slash-and-burn (traditionally method of clearing of 

land for cultivation) to prepare their land. 13.6 % of farmers use mound-making (specifically 

for yam production) compared to 9.5 % that used zero-tillage, while 22.6 % farmers indicated 

the use of other methods not listed (Figure 4.1). Thus, the use of tractor- or animal-driven 

ploughs and zero-tillage have now replaced slash-and burn (manual clearing of farmland using 

cutlass and hoes after which the weeded vegetation is gathered and burnt before sowing) for 

land preparation. Mound-making is also gradually phasing out in the communities since 

cassava cultivation does not require mounds.  
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Figure 4.1: Preferred new land preparation methods used by smallholder farmers in two agro-ecological zones 
in northern Ghana. 

 

However, the results showed a difference in the use of animal-driven ploughs between the 

two agro-ecological zones {Kruskal–Willis’s test: X2 = 159 (df=1, N1=140, N2= 142) respectively, 

p <.005} while the use of zero-tillage, slash and burn, tractor-driven ploughs, and mound-

making were not statistically different between the zones. This indicates that farmers apply 

the techniques equally between the zones as deemed appropriate. 

 

 

Figure 4.2: Methods regularly used for land preparation by smallholder farmers in two agro-ecological zones in 
northern Ghana. 
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The results showed that a section of farmers (41.4 %) preferred the use of either animal or 

tractor-driven ploughs (Figure 4.2). Farmers further explained that it is faster and less 

laborious to use the driven implement in land clearing. This is supported by Fonteh’s (2010) 

finding that a farmer with manual tools prepares about 0.5 hectares in a season at an average 

of 93 hours compared to 10 hours with draft animals and only a few hours with a tractor 

(Houssou et al. 2013). In support of this, Josiah, Bani, and Mahama (2008) and Taiwo and Kumi 

(2015) asserted that tractors are the most visible mechanised technology for smallholder 

farming in Ghana after the Green Revolution in 2006. 

Most of the farmers also used combined techniques for preparing their land according to the 

soil type and condition coupled with the crop type. For instance, combinations listed in the 

open-ended question included the use of animal plough with burning; slash-and-burn with 

herbicides, hoe/cutlass with herbicides, or zero-tillage with herbicides. Farmers resourcefully 

used the knowledge of their environment to their advantage in preparing their land. The rest 

of the farmers mentioned hoe/cutlass, herbicides, mound-making, and zero-tillage as their 

regular land preparation methods, combining techniques when necessary. However, 4.0% said 

that they have not changed the way they prepare their lands, without further indicating what 

techniques they have been using.  

The farmers explained that their choices were based on their tested method, ease of access, 

and affordability of the inputs used. No matter what the preferred technique, the farmers 

mentioned that they either own the equipment or have easy access to it to use, while stating 

the disadvantages of not using the other techniques. According to 14.4 % who use hoe and 

cutlass, they explained that tractors or animal ploughs are too expensive for them, while 

hoeing is affordable and time-tested. 

4.3.2 Soil management techniques  

4.3.2.1 Farmers ’preference in fertilizer used  

In the wake of the reduction in soil fertility due to climate variations (Darge et al. 2018; Anang 

et al. 2021), most respondents indicated using both organic and inorganic fertilizers to 

improve soil fertility, although organic manure application has been their traditional method. 

The results (Figure 4.3) show that the respondents, despite the combined use of organic and 
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inorganic fertilizers, prefer the organic fertilizers in the form of compost, mulch, plant residues 

and animal droppings, which is consistent with Aniah et al.’s (2019) findings that smallholder 

farmers are using appropriate agronomic practices, including manuring, composting, organic 

manure application, crop residue management and animal droppings, which they supplement 

using inorganic fertilizer as an adaptive practice to combat soil fertility depletion.  

 

 
Figure 4.3: Smallholder farmers' selection of preferred soil fertilisation method using the best and worst 

preference scale and using five attributes (mulch, plants residue, compost, animal droppings and NPK) in three 
choices per farmer from two agro-ecological zones in northern Ghana 

 

4.3.2.2 Soil water conservation techniques 
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while there is no statistical significance difference for practising mulching (X2 = 2.30, df=1, p= 

0.129) and making of mounds ( X2 = 0.35, df=1, 0.553) across the two agro-ecological zones.   

 

Figure 4.4: Soil water conservation techniques employed by smallholder farmers in two agro-ecological zones 
in northern Ghana. 

 

A cross-tabulation of the adapted practices (Table 4.2) revealed that 86 respondents from the 

Sudan savanna zone practice irrigation, compared to just 11 from the Guinea savanna zone. 

This difference may be due to the proximity of the Tano Dam in Navrongo, which provides 

easier access to irrigation water for those in the Sudan savanna zone (GSS, 2014). Additionally, 

90 respondents from the Sudan savanna zone reported using ridges to conserve soil water, 

while 43 respondents from the Guinea savanna zone employed this method. Conversely, 50 

respondents from the Guinea savanna zone practiced terracing, compared to 27 from the 

Sudan savanna zone. 

 
Table 4.2: Description of water conservation techniques adopted by smallholder farmers in the two 
agro-ecological zones in northern Ghana 
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The Guinea savanna zone recorded the highest number (114) of respondents reporting non-

adaptation compared to 66 from the Sudan savanna zone. The findings showed that farmers 

in each of the zones adopted technologies that were easily accessible, practical, and suited to 

their farming practice. This is consistent with findings from Hassan and Nhemachena (2008), 

Seo et al. (2009), Deressa et al. (2011) and Bate et al. (2019), that climate change adaptation 

is more effective when it is locally based and requires the use of a locally specified strategy. 

Focus group discussants confirmed using methods like raised beds, ridging, mound-making, 

earthing-up, and bunding for water conservation during planting (Figure 4.5). In the Sudan 

savanna zone, discussants reported using bunds around rice farms to retain water and 

prevent runoff, while in the Guinea savanna zone, mounds are raised for yam cultivation. 

Irrigation in the Sudan savanna zone is practiced along irrigation channels for rice cultivation, 

away from homes. In the Guinea savanna zone, farmers irrigate fields near rivers using river 

water when needed. However, crops like millet, cassava, and maize rely solely on rainfall and 

are typically grown flat with minimal tilling, apart from clearing weeds and retaining plant 

residue as mulch. 

 

 

Figure 4.5: Farmland prepared using bunds, Sudan agro-ecological zone, northern Ghana  
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Discussants noted a decrease in crop residue, which they attributed to the hybrid varieties 

being developed to reduce water loss through the stomata on their leaves. Unlike local 

varieties, these hybrids leave fewer vegetative parts after harvest, resulting in less mulch 

material (Figure 4.5 a&b). Additionally, mulching and composting practices have declined, 

with compost pits no longer being dug during the off-season, as they were a decade ago. 

In the Nania community of the Sudan savanna zone, discussants reported that mulching 

materials and organic matter have become scarce, partly due to climate change. They 

explained that improved crop varieties produce fewer vegetative parts than local varieties, 

and the limited mulch available is often consumed by free-range livestock, leaving little for 

farming use. 

 
Figure 4.6a: Harvested plot with crop residue in Chiana Nyegeya in the Sudan agro-ecological zone 

 

 
Figure 4.6b: Harvested plot with crop residue in Chiana Nyegeya in the Sudan agro-ecological zone  
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Earthing-up was also mentioned as a technique used around crops to ensure that high rainfall 

intensity and wind speed do not uproot the plants. When asked what other purpose the 

earthing-up serves, the discussants did not know that it can serve as a cooling system around 

the roots of the plant and that it conserves water for plant use. When asked to describe how 

a stick pushed deeper into an earthed-up system looked, they had an ‘a-ha ’moment when 

they recognised the moisture normally found on the stick, prompting a discussant from Sudan 

savanna FGD to comment: “No wonder our fathers were so serious about earthing up during 

the dry period in the planting seasons.”  

From the respondents, all techniques used are mostly in harmony with nature ensuring that 

less harm is caused to the environment as much as possible since traditional values enshrine 

that humans are part of nature. These old techniques used by the farmers are traditional 

methods that have been employed for ages to adjust to changing climate from time memorial 

incrementally expected to lead to enhancing adaptive capacity of the system with time. 

4.3.2.3 Years of practice of techniques 

Most of the respondents (78 %) indicated that they have been practising techniques to adapt 

to climate change for over five years while 22 % have been using the techniques for less than 

five years (Figure 4.7). In assessing the effectiveness of their chosen methods to conserve 

water for crop production, the respondents gave varying responses. A total of 114 of them 

replied affirmatively, mentioning that practices such as irrigation had enabled them to farm 

throughout the year. For instance, in the Sudan savanna zone, dry season vegetable cultivation 

is done due to access to irrigation facilities (GSS, 2014). Other respondents mentioned 

methods such as mulching, terracing, and ridging to prevent the run-off of surface water, 

reduce water loss through evaporation, and prevent topsoil erosion either by water or wind. 

Some farmers also believed that the construction of irrigation facilities will support their 

farming activities during the dry season, which concurs with previous studies that indicate 

that access to farm input aids adaptation to climate change (Deressa et al., 2009; Armah et 

al., 2013). 
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Figure 4.7: Number of years smallholder farmers have been using techniques in their farms in two agro-
ecological zones in northern Ghana. 

 

The farmers that responded negatively (56 %) explained that they do not use any of the 

methods on their farms and are dependent on rainwater alone. Some also stated that the 

water ran quickly off the farm to other lands. This is interesting as it may be due to applying 

the wrong coping mechanism on the farm. This supports the assertion by Gyampoh et al. 

(2009) that rural people used various coping strategies to adapt to climate change with mixed 

success. It also confirms the conclusion by Addaney et al. (2021) that it is important to identify 

appropriate climate change adaptation management practices that will reduce crop risks with 

multiple on-farm and landscape benefits. Furthermore, as the soil is only covered with crop 

plants, water collected quickly moves away to other areas with little percolation. 

4.3.3 Crop management strategies/techniques 

To adapt to climate change variation in the local environment, previous findings indicated that 

smallholder farmers use various agronomic practices such as changing the planting date, 

planting early-maturing, drought-disease-and pest-resistant varieties, changing the type of 

crops grown, changing land preparation methods, and using crop diversification as well as 

using scientific or traditional weather forecasts (Belay et al., 2017; Antwi-Agyei et al., 2021).  

Farmers mentioned changes in crop type, planting date, the use of new seeds, the use of new, 

drought-resistant, and early maturing varieties and others, as mentioned in previous studies 

by Adjei-Nsiah and Kermah (2012) and Marie et al. (2020).  
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Figure 4.8: Description of crop adaptation techniques used by smallholder farmers in two agro-ecological zones 
in northern Ghana 

 

The most practiced adaptation techniques are change of crop type (59.1 %) and change in 

planting date (40.9 %), supported by Tun Oo et al. (2017), Marie et al. (2020), Devi et al. (2020) 

and Antwi-Agyei et al. (2021) while the least used technique is the early-maturing varieties 
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planting date (X2= 4.12, df= 1; p-value =0.042)  and other techniques (X2= 11.50; df= 1; p-

value=0.001) were statistically significant different across the zones.  

As shown in Table 4.3, the number of farmers (1,445) 2  from the Guinea savanna agro-

ecological zone that adapted using crop management techniques was slightly higher than the 

number of farmers (409) from the Sudan savanna agro-ecological zone. Farmers in the Guinea 

savanna zone recorded greater adoption preference in six techniques, compared to greater 

adoption of two different techniques by farmers from the Sudan savanna zone. There is a 

notable difference in the use of drought-resistant varieties by farmers in the two zones (Table 

4.3).  

Table 4.3: The number of smallholder farmers indicating their preferred crop-based technologies in 
two agro-ecological zones in northern Ghana. 

Techniques/Technologies Agroecological Zones  
Total Sudan Savanna Guinea Savanna 

Use of disease-resistant varieties 49 36 85 

Use of new seed 56 64 120 

Use of new crop varieties 31 38 69 

Change in crop type 133 105 238 

Use of drought-resistant varieties 6 45 51 

Use of early-maturing varieties 11 27 38 

Change in planting date 72 92 164 

Other techniques 15 38 53 

Uncompleted 36 0 36 

Total count  409 445 854 

 

Given that the Sudan savanna zone experiences slightly higher daily mean maximum 

temperatures (38°C to 42°C) and a longer dry period (5 months) without rainfall, compared to 

the Guinea savanna’s daily mean maximum temperature range of 36°C to 38°C and 4-month-

long dry spells with intermittent rainfall (GSS, 2014), we would expect a higher adoption of 

drought-resistant varieties in the Sudan savanna zone. 

With easy access to irrigation facilities within the Sudan savanna zone, more farmers used 

irrigation instead of soil water conservation methods (Table 4.3), which influenced their 

choice of cropping technique. Thus, farmers choose other technologies such as early maturing 

and disease-resistant varieties. Similarly, respondents from the Guinea savanna zone adopted 

drought-resistant varieties, even with long rainfall patterns in terms of duration and amount 

 
2 Totals from multiply choice answers made by participants 
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per season. But when there is poor access to irrigation facilities, farmers choose techniques 

that ensure resilience within the cropping system. This supports the conclusions of Owusu 

and Yiridomoh (2021) in Ghana and Dendir and Simane (2019) in Ethiopia that agro-ecological 

zone location contributes significantly to smallholder farmers' sensitivity to climate change 

variation and hence calls for context-specific strategies to increase the smallholder farming 

system's capacity for adaptation.  

4.3.3.1 Changing crop types 

Agricultural and livelihood diversification are strategies used by African households to cope 

with climate change enabling them to spread risks and adjust to shifting climate conditions 

(Thierfelder et al., 2017; Thornton et al., 2018). The results showed varying reasons for the 

adoption of particular techniques such as shortened rainfall, late onset of rains, and longer 

drought periods, leading to changes in cropping systems. This was consistent with findings by 

Adjei-Nsiah and Kermah (2012), who indicated that farmers are shifting from cocoa to maize-

based cropping systems in the cocoa-growing regions in Ghana due to climate change 

variations. Farmers (59.1 %) also indicated a change in diet because of changes in the cropping 

system. Others (13.2 %) also stated that adoptions were made to ensure an increase in yields 

that would allow them to have some economic benefits after feeding their families and to 

manage soil nutrients by growing different crops with complementary nutrient requirements.  

In confirmation, the focus group discussants indicated that changing crop types were used to 

adapt to the varying climate conditions (shortened rainfall period) in their localities. For 

instance, maize and cassava have been introduced in addition to traditional crops like millet, 

guinea corn, sorghum, and yam. According to the discussants, maize performed well and has 

gradually replaced the production of other cereal crops as it yields better and has an available 

market. As expressed by a female key informant in Sudan savanna zone: “Maize yields much 

more and has higher demands than millet.”  The farmers’ assertion of reduction in yields of 

traditional crops such as millet and sorghum are supported by literature that showed that 

increased in temperature under climate change will after crop yields (IPCC, 2014). Cassava, 

for instance, is projected as viable option to replace many crops in Africa due to its hardiness 

to higher temperatures and sporadic rainfall pattern experienced by the farmers (Jarvis et al., 

2012; IPCC, 2014).  
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Crops like guinea corn (in the Guinea savanna zone) and early millet (in the Sudan savanna 

zone) have been phased out of cropping systems for about a decade due to their low yield 

performance. This decline is attributed to shortened rainfall seasons, delayed onset of rains, 

and the lack of improved varieties that can withstand changing climatic and extreme weather 

conditions. However, access to modern technologies is believed to strengthen farming 

households' adaptive capacity, potentially enhancing the resilience of agricultural systems for 

socio-economic growth (Mtega et al., 2016; Danso-Abbeam et al., 2018; IPCC, 2021).  Thus, 

the discussants, on observing the impact of changes in their environment, experimented and 

adopted practices to ensure sustainability of their livelihoods. 

Table 4.4: Previous and current cropping systems in descending order showing the previous crops that 
have been dropped from the cropping system due to the impact of climate change in two agro-
ecological zones in northern Ghana 

Zone  Cropping system 

Guinea 
Savanna 

Previous cropping system in descending order – early millet, late millet, guinea corn, yam, 
bambara bean, groundnut, maize, cassava. 
 

Current cropping system in descending order– maize, cassava, early millet, late millet, yam, 
bambara bean, groundnut, (Guinea corn dropped due to shortened rainfall pattern).  

Sudan 
Savanna  

Previous cropping system in descending order – early millet, late millet, rice, sorghum, 
guinea corn, bambara bean, groundnut, soyabean, maize. 

 

Current cropping system in descending order – maize, rice, late millet, sorghum, guinea 
corn, bambara beans, groundnut, soyabean. (Early millet dropped due to delay in onset of 
the rains). 

 

 

Furthermore, the production of crops that are not performing well under a changing climate 

are reduced as a means of adaptation consistent with Antwi-Agyei et al., (2014) and Altieri et 

al., (2015) findings of adjusting crop choices. Because of these changes in the cropping 

systems, families have changed their dietary requirements to adapt to the changes made in 

the cropping system (Table 4.4). For instance, they explained that they have changed to maize 

and rice-based diets but use mostly maize for preparation of ‘tuo zafi,’ a traditional meal in 

both zones that used to be made from millet and guinea corn. This was asserted by a female 

discussant from Sudan savanna FGD: “Our children do not know millet-based ‘tuo zafi’, they 

grew up with maize-based ‘tuo zafi’ and will not eat one made from millet.”   



 

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana – Ph.D. Dissertation                 124 

The poor performance of the crops was due to changing climate conditions resulting in low 

yields. This was consistent with literature that stated that smallholder households have 

changed their dietary requirements due to the impact of climate change to ensure food 

security (Shisanya & Mafongoya, 2016; Oliver, 2016; Kangmennaang et al., 2017; Kerr et al., 

2019). Harvested millet, for instance, is mostly processed into a local drink (pito) or porridge 

for sale to add to the family income since the yields are not sufficient for the family to depend 

on while the production of guinea corn is for ritual purposes when needed. As indicated below 

from all the FDGs interactions: “Millet, guinea corn and sorghum are cultivated now for ritual 

purposes when needed and for preparing porridge or pito [local non-alcoholic beverage] for 

sale to supplement family income since yields are not sufficient for families to depend on.”  

 

Through the substitution of crops in the farming system as an adaptive measure to climate 

and extreme weather variabilities, farmers are taken advantage of commercial value of crops 

such as cassava, rice, and maize resulting from the unintended consequence of shocks in 

transforming the cropping system as adaptive capacity. In addition to the building of 

resilience to future climate shocks and sustainability of productivity, that has the potential to 

lead to livelihood transformation from subsistence farming to market-oriented production 

with market availability produces as testified by farmers.  

However, depending on the system used (mono-cropping or mixed cropping) could exposed 

farmers to other risks such as further degrading of soil, increase use of inorganic fertilizers for 

especially maize and rice cultivation (additional cost component to production). These may 

negate the gains in yields that can lead to maladaptation as indicated by Griscom et al. (2017) 

that non-native monoculture plantation is ‘maladaptive’ in ecosystem services.  

4.3.3.2 Number of crops grown per season 

The results revealed that 92.1 % of farmers cultivate two or more crops per season with the 

highest number being four crops and the least two while 7.9 % of farmers planted only one 

crop (Figure 4.9). This is consistent with the finding by Osei (2017) that crop diversification 

(multiple cropping) is the most dominant adaptation method by smallholder farmers in three 

agro-ecological zones in Ghana.  
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Figure 4.9: Number of crops grown per season by smallholder farmers in two agro-ecological zones in northern 
Ghana. 

Farmers also used one or more strategies such as mono-cropping, mixed cropping, cropping 

rotation and shifting cultivation within a cropping season (Callo-Concha, 2012) alongside the 

cultivation of multiple crops. Mixed cropping was the most practiced method, used by 41.2 % 

of farmers, supporting assertions that most farmers in Ghana engage in intercropping to 

minimise the risk of crop failure from drought or flooding (Asante & Amuakwa–Mensah, 2015) 

followed by 39.5 % respondents using mono-cropping, and 5.7 % respondents practising crop 

rotation. Few farmers (3.5 %) indicated using both mono and mixed cropping and fewer still 

(2.0 %) employed shifting cultivation. 

Furthermore, farmers explained that using mono-cropping depends mostly on the type of 

crop and stating that a crop like rice cannot be mixed with others on the same plot due to the 

flooded paddy field that other crops cannot tolerate. Conversely, farmers who practiced mixed 

cropping had two or more crops on the same plot, either interspersed with crops such as 

maize, millet, groundnut, guinea corn, sorghum, yam, and rice (FAO, 2011; Callo-Concha, 

2012) or are planted on different parts of the field. Contrary to Hassan and Nhemachena 

(2008)’s findings that mono-cropping is most susceptible to climate change impacts, 

respondents who practice it indicated that it ensured good yields. Also, the farmers explained 

that their choice of practices was based on these factors: changes in rainfall patterns, full use 

of land, food security, proper farm management, good yields, availability of land, crop type 

and traditional practice(s). 
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4.3.4 Experience in use of technique/technology 

Years of experience (practice) is often cited in the literature as a determinant influencing 

climate change adaptation choice (Deressa et al., 2009; Gbetibouo, 2009; Armah et al., 2013). 

Most respondents (78.4 %) indicated that they have been practising their choice of 

technique(s) for more than five years, while the remaining (21.6 %) have practiced the 

technique for less than five years. However, when asked how they acquired the skills applied, 

most farmers (86.8%) stated that it was the traditional practice passed down by their elders, 

combined with their own experiences gained on the farm (Figure 4.10).  

 

 

Figure 4.10: Sources from which smallholder farmers acquire the farming techniques being used in two agro-
ecological zones in northern Ghana 

 

Also, 15.6 % of the farmers said that they learned from other farmers while 6.9 % indicated 

that the knowledge was obtained from training and 1.7 % stated it came from agriculture 

extension officers. A correlation analysis (r = 0.188, 0.185, 0.256; N= 371; p=0.001, 0.003, 

0.011; two-tailed) revealed a significant positive correlation between those who learnt from 

training and the few farmers (25.1 %) who indicated they had received agricultural training 

within the past five years, through contact with either extension agents or non-governmental 

organisations. As indicated by a male discussant from the Guinea savanna FGD: “I do not 

remember the last time I saw an Agric officer in my community.” Likewise, literature findings 

showed that due to the 1:3500 agriculture extension officer to farmer ratio (Swanson & 

Rajalahti, 2010), that required the stepping in of agricultural NGOs to bridge the gap in 

provision of essential services for sustainability of smallholder farming livelihood (Buadi et al., 

2013). 
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Most (48 %) of the farmers mentioned that practising the techniques has given them food 

security and variety in their dietary provisions consistent with findings in the literature 

(Shisanya & Mafongoya, 2016; Oliver, 2016; Kangmennaang et al., 2017; Kerr et al., 2019).  

 

 
Figure 4.11: Description of benefits gained by smallholder farmers from farming practices used in two agro-

ecological zones in northern in Ghana 

 

A further 29% of the farmers mentioned that their choice of technique(s) has helped to ensure 

management of their farms. Choices such as efficient fertilizer use, pest control regimes and 

maximisation of land area utilised, these have translated into an increase in yields, while 11 

% skipped the question. The remaining 8 % indicated that the practice was adopted to 

increase yields for sale as a source of income for the household since excess produce is sold 

in subsistence farming. Lastly, 3 % mentioned that the techniques used were handed over to 

them traditionally as a proven method (Figure 4.11). 
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according to Mabe et al. (2014), gives smallholder farmers an advantage as having access to 

multiple small plots makes it easier to adopt fallow practices through shifting cultivation, an 

option that is often less feasible for farmers managing larger farm sizes.  

 

 

Figure 4.12: Description of number of plots available to smallholder farmers for utilisation in two agro-
ecological zones of northern Ghana 

 

However, recent IPCC (2020) projections of doubling of population on the Africa continent 

may put pressure on land use leading to loss of farmland to urbanization (Thornton et al., 

2018). With the reduction in number of plots, traditional practices such as fallowing period 

for soil replenishment will either be completely or shortened exacerbating the depletion of 

already poor nutrient soils and its inherent reduction in productivity of farming system.  

4.3.6 Land size available for farming 

When asked about the ownership of the cultivated land, 69.2 % of farmers indicated that it 

was self-owned, 33.3 % family-owned, on lease (8.9 %), or on a shared lease (1.7 %). There 

was a significant difference between genders for the self-owned type (U = 16036, N= 403; 

p=0.014; two tailed) and shared lease ownership type (U= 17693; N= 403; p= 0.06; two tailed) 

using Mann–Whitney test, while family land ownership (U= 17124, N= 403; p=0.23; two tailed) 

and leased ownership types (U= 18173; N= 403; p=0.93; two tailed) were not statistically 

significant. Some farmers (38.4 %) indicated that they are maintaining their current farm size, 

followed by 34.0 % who have reduced their farm size, while the remaining 27.8 % have 

increased their farm size in the last ten years (Figure 4.13). 
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Figure 4.13: Description of land area available to smallholder farmers for utilisation in two agro-ecological 

zones of northern Ghana 

 

4.3.7 Changing farm size 

Uddin et al. (2014), Mutunga et al. (2018) and Buckland and Campbell (2021) reported the 

change of farm size as one of the factors used by farmers as an adaptive strategy for climate 

change adaptation. Farmers changed their farm size under three categories (Fig 4.14) with 

varying reasons feeding into the decision-making process.  

 

 

Figure 4.14: Changes in farm size over a ten-year period undertaken by smallholder farmers in two agro-
ecological zones of northern Ghana 

Of the 34.0 % farmers that reported decreasing their farm size, 18.1 % responded to change 

in rainfall pattern resulting in insufficient water for crop growth consistent with IPCC (2014) 
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report of irregular rainfall pattern in certain regions due to climate variations. Also, 7.9 % 

mentioned weakened labour strength due to aging, poor availability, and lack of affordable 

farm inputs consistent with Armah et al. (2013)’s finding that lack of inputs influences farming 

decisions on adoption of technologies. Furthermore, 6.8 % of land was fallowed to replenish 

the soil naturally to adapt to soil depletion due to climate impact (Mabe et al., 2014). Yet, 1.2 

% lost their farmland to other activities, such as the construction of buildings and the sale of 

land by other family members consistent with reports from FAO (2022) and IPCC (2022) that 

increasing population in SSA will put pressure on land uses. 

A section of the farmers (13.6 %) increased their farm size due to an increase in family size 

that meant availability of additional labour while 12.4 % increased their farm size to increase 

their yield. Very few farmers (1.8%) increased their farm size due to increased access to inputs 

(Figure 4.14).  

4.3.8 Empirical Model for Logistic regression models 

A binary logistic regression model was used for this study based on the hypothesis that 

farmers strategies are influenced by socio-economic and environmental factors. Farmers 

either developed strategies using their experiences and local knowledge to cope with climate 

variabilities and extreme in combination with scientific knowledge, or they do not. 

The logistic regression model is an appropriate statistical tool to determine the influence of 

independent variables on dependent variables when the dependent and explanatory 

variables have only two groups or categories (dichotomous) and/or are categorical in nature. 

The logistic models sought to identify the magnitude and direction of the factors influencing 

the choices for adopting adaptation strategies based on traditional knowledge or otherwise 

by smallholder farmers in the two agro-ecological zones. Therefore, the likelihood of a certain 

farmer adopting adaptation strategies to adapt to climate change can be described by a 

logistic model. This study considered two sets of adaptation strategies: those related to the 

adoption of changes in land management practices and those related to changes to crop 

management practices. Therefore, the study analysed each of the adaptation sets 

independently and separately.
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Table 4.5: Description of independent variables used in the study to examine smallholder farmer adaptations to changing climatic patterns in two agro-
ecological zones in northern Ghana 

Explanatory Variables Mean  SD Description of Variables 

Observed/perceived weather change  0.97 0.18 dummy, take the value 1 if yes and 0 if otherwise 

Years of practice of technique  3.14 0.85 Continuous 

Number of crops grown  3.37 1.14 Continuous 

Ways to predict weather traditionally  0.45 0.50 dummy, take the value 1 if yes and 0 if otherwise 

Weather forecast preference  0.87 0.82 dummy, take the value 1 if yes and 0 if otherwise 

Agriculture training received within past 5 
years 

0.25 0.43 dummy, take the value 1 if yes and 0 if otherwise 

Number of plots available to respondent 3.32 1.28 Continuous 

Land size available to respondent 3.17 0.85 Continuous 

Gender 0.34 0.47 dummy, take the value 1 if male and 0 if otherwise 

Position of respondent in household 0.33 0.47 dummy, take the value 1 if head and 0 if otherwise 

Agroecological zone 0.50 0.50 dummy, take the value 1 if first category and 0 if otherwise 

Sum water conservation methods 1.41 0.75 Summation of variables categories; Continuous 

Sum crop methods 2.04 1.10 Summation of variables categories; Continuous 

Sum land ownership types 1.13 0.35 Summation of variables categories; Continuous 

Level of education 0.50 0.50 dummy, take the value 1 if above primary level and 0 if otherwise 

Farming years 0.85 0.36 dummy, take the value 1 if 10 years and above and 0 if otherwise 

Age of respondent 0.56 0.50 dummy, take the value 1 if 45 year and above and 0 if otherwise 

N: 403 
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Table 4.6: A Logistic Regression Model showing factors influencing the decisions of smallholder farmers 
on land management-related adaptation in two agro-ecological zones of northern Ghana 

Variables Exp (B) Probability 95% Cl P-value 

Observed/perceived weather change 4.45 0.82 1.26–15.71 0.020** 

Years of practice of technique 0.69 0.41 0.51–0.93 0.014** 

Ways to predict weather  2.13 0.68 1.25–3.61 0.005*** 

Land ownership type 1.24 0.55 0.58–2.62 0.580 

No. of crops grown seasonally 0.67 0.40 0.51–0.87 0.004*** 

Number of plots  0.68 0.41 0.51–0.91 0.009*** 

Land size available  2.17 0.69 1.44–3.28 0.001*** 

Water conservation techniques 1.02 0.51 0.74–1.40 0.91 

Crop techniques 1.51 0.60 1.17–1.94 0.002*** 

Farming years 0.62 0.38 0.29–1.31 0.210 

Gender 0.60 0.38 0.36–1.01 0.054* 

Constant 3.59   0.00*** 

N = 403 
Nagelkerke R Square = 0.30 

Chi-square = 10.96 

Significance level= 0.20 

2 Log likelihood = -417.6 

Overall correct prediction = 73.3% 

 

*** p<0.01, ** p<0.05, * p<0.1 

 

The parameters of land ownership type, water conservation techniques, and farming years 

were not significant, while the observed/perceived weather change and years of practice of 

techniques were significant, at the 5 % level, in determining land preparation adaptation 

methods. The ways of predicting weather, number of crops grown seasonally, number of plots 

for respondents, land area available for respondents, and sum of crop techniques were 

significant at 1 %. Also, gender was significant at the 10 % level. Of the eight significant 

variables, four were positive, namely, the observed/perceived weather change, ways to 

predict weather, land size available for respondents, and sum of crop techniques. The 
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remaining four variables of years of practice of techniques, number of crops grown seasonally, 

number of plots for respondents, and gender had negative coefficients.  

 

Table 4.7: A Logistic Regression Model showing factors influencing the decisions of smallholder farmers 
on crop management-related adaptation in two agro-ecological zones of northern Ghana 

Variables Exp (B) Probability 95% Cl P-value 

Number of crops grown seasonally 0.71 0.42 0.52–0.97 0.029** 

Weather forecast preference 1.94 0.66 1.07–3.51 0.029** 

Number of plots  0.28 0.22 0.20–0.40 <0.001*** 

Land size available  2.99 0.75 1.81–4.93 <0.001*** 

 Water conservation techniques 0.36 0.27 0.25–0.58 <0.001*** 

 Crop techniques 2.04 0.67 1.51–2.76 <0.001*** 

Gender 0.29 0.23 0.14–0.64 0.002*** 

Agro-ecological zone 0.24 0.19 0.13–0.45 <0.001*** 

Position in household 3.15 0.76 1.14–7.12 0.024** 

Age  1.06 0.51 0.57–1.90 0.89 

Level of education achieved 0.49 0.33 0.26–0.93 0.030** 

Constant  124.24   0.000*** 

N = 403 

Nagelkerke R Square = 0.56 

Chi-square = 11.36  

Significance level= 0.182 

2 Log likelihood = -328.1 

Overall correct prediction = 82.3 % 

 

*** p<.01, ** p<.05, * p<.1 

 

The parameter for the age of respondents is not significant while the number of crops grown, 

weather preference, position of respondent in household and level of education achieved 

were significant at the 5 % level. The number of plots, land area available, water conservation 
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techniques, crop techniques, gender, and agro-ecological zone were significant at the 1 % 

level.  

However, it should be emphasised in both models that an Exp (B) value of less than one 

indicates a negative parameter constant which implies that high values of the variable tend to 

decrease the probability of choice of adaptation by farmers to climate change variabilities. In 

contrast, an Exp (B) greater than one indicates a positive parameter constant, implying that 

high values of the variables will increase the probability of farmers' choices for adaptation 

using land or crop management technologies, keeping all other variables constant.  

The analyses of statistically significant explanatory variables and the findings from this study 

that are consistent with other findings are discussed. 

4.3.8.1 Logistic regression models result 

The model's result indicates that farmers have an 81.7 % probability of adopting climate 

change adaptation strategies using land management techniques when they 

observed/perceived climate variations and extreme weather events. This is consistent with 

findings by Tun Oo et al. (2017) that farmers are influenced by their perception of climate 

variations and specific issues surrounding farming systems. Access to weather information, 

whether scientifically or traditionally, had a positive impact on the choices of adaptation 

strategies, with probabilities between 66.0 % and 68.0 %. This result aligned with Saguye 

(2016) in Ethiopia, Ndamani and Watanabe (2016) in Ghana, and Mutunga et al. (2018) from 

Kenya, with findings of a positive relationship with access to weather information and the 

adoption of strategies to adapt to climate variations.  

The models revealed that the land area available to farmers has a positive probable effect, 

between 68.5 % and 74.9 %, on the farmers’ choices in adaptation to changing weather 

conditions. This aligns with Belay et al. (2017), who found that farmers often expand their 

farm size by integrating crop and livestock production and cultivating various fodder trees 

when they have access to larger areas of farmland. 

Thus, farmers with large farmland areas can practice using water conservation practices, land 

management techniques like fallowing, multiple cropping and mixed cropping to adapt to 

climate change locally. In contrast, Mabe et al. (2014) noted that access to several plots, 
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coupled with small size, is advantageous for smallholder farmers to facilitate the adoption of 

fallow system and shifting cultivation, unlike farmers with large farmlands.  

Additionally, the models showed a 60.1 % and 67.1 % probability of farmers positively 

adopting technologies in both land preparation– and crop management – related adaptations. 

Considering the soil type, weather predictions, and indigenous practices such as cover 

cropping and mulching, can help reduce surface erosion. Also, strategies such as crop 

diversification, mono-cropping, multi-cropping, disease- and drought-resistant varieties, and 

early maturing varieties in crop management adaptation are consistent with findings by Belay 

et al. (2017) in Ethiopia and Antwi-Agyei et al. (2021) in Ghana.  

Furthermore, the models revealed a positive probable effect of 72.2 % for the adoption of 

climate change adaptation measures if the decision-making for crop management adaptation 

is done by the household head rather than a member of the household. This means household 

heads are predisposed to adopt for climate variations consistent with findings from Ndiritu et 

al. (2014) in Kenya of female headed household adopting sustainable agricultural methods.  

The model results revealed negative effects with a 29.1 % probability for farmers adaptive 

choices regarding water conservation strategies for crop management adaptation. Farmers 

are therefore prone to adopt water conservation methods for land preparation, rather than 

in crop management adaptation. This implies that the farmer will choose irrigation or a 

technique that will conserve water rather than choosing drought-resistant crops when the 

two options are presented in a decision and planning session within a season.  

Furthermore, the results showed that the number of years that farmers had been practising 

techniques had a significant negative effect on the farmers' decision to adopt new techniques 

for land preparation with a 40.7 % probability. The number of crops grown had a negative 

effect on the farmers' decision on adoptive choices using land and crop management, with a 

probability between 39.9 % and 42.1 %.  

Gender is significant with a probability between 26.4 % and 37.5 %. Thus, male farmers are 

less likely than females to adapt to climate change using land and crop management 

practices. This may be due to female farmers often cultivating marginal lands near their 

homes, which typically have lower soil fertility, requiring them to adopt various coping and 

adaptation strategies to secure food for household consumption. Agyo and Oman (2018) 



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       136 

found that female-headed households are more likely to diversify income-generating 

activities as a climate change adaptation strategy. While men typically engage in farming, 

women are more involved in processing and off-farm activities such as trade. 

The number of plots available to farmers had a negative and significant influence, with a 

probable influence between 20.8 % and 40.6 % for farmer choices on adaptation. This is 

inconsistent with findings by Mabe et al. (2014)’s, who advocated that numerous plots are 

advantageous to farmers ’adaptive decisions, as they can practice traditional agronomic 

practices such as fallowing and shifting cultivation. 

The model’s results showed a negative relationship between formal education and the 

adoption of traditional agronomic practices, with a 32.6% probability. This aligns with findings 

by Okoye (1998) and Gould et al. (1989), which also noted that formal education negatively 

correlates with adaptation decisions. Since traditional practices are often passed down orally 

and require little formal education, farmers with higher education levels represented by 

15.4% of respondents are more likely to adopt scientific methods instead. 

The models’ result indicated a limited influence of agro-ecological zone on farmers’ adaptive 

choices accounting for only 19.3 % of variations in decisions. While Deressa et al. (2009), 

suggest that farmers in different agro-ecological zones tend to adopt distinct adaptation 

strategies. This study found farmers’ decisions were more strongly influenced by the 

availability of inputs from their agro-ecological context. 

4.4 Discussion 

Smallholder farming households in developing world have been reported of using agricultural 

and livelihood diversifications as strategies for adapting/coping with climate change 

(Thierfelder et al., 2017; Thornton et al., 2018). These included shifting planting date, 

changing crop types, land size, location of farms, adopting hybrid crop varieties ( Antwi-Agyei 

et al., 2014; Altieri et al., 2015; Bawakyillenuo et al., 2016).  

4.4.1 Determinants of climate decisions and actions by smallholder farmers  

The logistic models revealed information regarding the smallholder farmers ’choice of farming 

management activities to adapt to climate change using their traditional knowledge and 

https://www.ipcc.ch/report/ar6/wg2/chapter/chapter-9/#Thierfelder--2017
https://www.ipcc.ch/report/ar6/wg2/chapter/chapter-9/#Thornton--2018
https://www.ipcc.ch/report/ar6/wg2/chapter/chapter-9/#Antwi-Agyei--2014
https://www.ipcc.ch/report/ar6/wg2/chapter/chapter-9/#Antwi-Agyei--2014
https://www.ipcc.ch/report/ar6/wg2/chapter/chapter-9/#Altieri--2015
https://www.ipcc.ch/report/ar6/wg2/chapter/chapter-9/#Bawakyillenuo--2016
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experience. Evidence from the models showed that the farmer’s choices are influenced 

positively by factors such as observation or perception of weather changes, weather 

information, area of land available, and crop techniques for adopting expertise that will 

ensure plant growth and yields despite the changing climate. 

The model’s findings showed that the area of land available to farmers had a high influence 

on adaptive choices in management techniques for land preparation, water conservation, and 

crop management. The study revealed that farmers in both agro-ecological zones are either 

decreasing, maintaining, or increasing their farm area as an adaptive strategy, consistent with 

conclusions by Mutunga et al. (2018) and Buckland and Campbell (2021) that farmers change 

farm size as a strategy for climate change adaptation.  

However, findings in the literature on land area as an adaptation measure have been 

conflicting. For instance, several findings (Blarel et al., 1992; Mabe et al., 2014; Veljanoska et 

al., 2018; Gilli et al., 2020; Ndip et al., 2023) have shown that small plots are advantageous to 

farmers for practising shifting cultivation, crop diversification and fallowing as adaptive 

techniques. Also, small plots in different locations allow farmers to exploit the uniqueness of 

various micro-environment for different crops growth resulting in risk management coupled 

with food and nutritional security of farming households (Cholo et al., 2019; Ndip et al., 2023; 

Mayele et al., 2024). Vijayasarthi and Ashok (2015) on the other hand showed that farmers 

with small farm sizes adapt to using technologies that require labour intensive management 

since the farming area do not support mechanisation. 

In contrast, Abdollahzadeh et al. (2012), Latruffe and Piet (2014) and Sklenicka et al. (2014) 

reported increase in production cost, prevention of timely performance of operations such as 

irrigation, transplanting and pest control. Additionally, dispersed small plots restrict farmers' 

use of modern technology and increase travel time between plots thereby undermining 

efficiency of land use that result in decreasing productivity and livelihoods. Larger farm areas 

were also found to enable farmers to practice adaptive measures, such as agri-silviculture and 

crop diversification, in combating climate variations (Madison 2006; Tesfaye & Seiful, 2016; 

Belay et al., 2017). Lu et al. (2018) on the other hand concluded that moderate farm size had 

become the trend in agriculture due to the rising cost and non-agricultural labour supply 

necessitating for farmers to decrease their plot size.  
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Likewise, the farmers' decisions on land usage are varied depending on the circumstances. For 

instance, farmers cultivate smaller areas with fewer crops to ensure sufficient soil water to 

support plant growth, thus adapting to the effect of shortened rainfall patterns. However, the 

availability of more than one plot to farmers had a negative probability of adoption of 

techniques for adaptation to climate change. This requires policy interventions that would 

ensure that farmers are utilising the best options to maximise productivity amidst climate and 

weather variabilities. For instance, Velijanoska (2018) advised policymakers to be cautious in 

implementing uniform land consolidation programs from findings that showed that loss of 

crop yield decreases with rainfall variations on highly fragmented plots. Although, crop 

performance on high fragmentation plots remained unfavourable for farming households not 

experiencing rainfall irregularities.  

While land ownership has been reported as a barrier for smallholder productivity, especially 

for female farmers in sub-Saharan Africa, this study’s findings showed that most farmers 

owned the lands they cultivate on or are farming on family (clan) land, allowing them to adopt 

farming practices without issues stemming from land ownership. The difference in gender 

between self-owned land and land that is on lease could be explained by the likelihood that 

male farmers have more access to land than female farmers due to cultural norms (patrilineal 

inheritance)3. This restricts women's access to land through the male relatives consistent with 

findings N-yanbini and Owusu-Ansah (2024). Also, female farmers mostly crop on compound 

farms (farms cultivated on available lands around the houses) to feed the family, though less 

fertile lands (McGuire, 2012; Williamson, 2021) leaving the commercial production to male 

farmers, hence less land is available for women to cultivate (Chigbu, 2019). The situation if 

not rectified is going to further deepen poverty levels of rural women with climate change 

predicted to worsen the plight of smallholding families in regions where agricultural 

production is essential (Hallegatte et al., 2016). 

The few farmers that used shared leaseholds did not show any issues with adapting to climate 

impacts, as this study showed. A household’s decision to begin soil and water conservation in 

response to perceived climate change, for instance, is more likely to increase with farm size. 

Empirical adoption studies found that farmers with larger farms have more land to distribute 

 
3 In a patrilineal tribe, a family’s controlling spirit passes from generation to generation only through male 

blood lines, and these connections define one’s extended family, or patriclan. 

https://journals.sagepub.com/doi/10.1177/23210249241237033#bibr16-23210249241237033
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for constructing soil bunds and improved cut-off drains (Negash, 2013).  But with the backdrop 

of global trends of increased in population growth, rapid urbanisation, and pressures of 

competing (non-food) land uses (Stringer et al., 2020; IPCC, 2020) in Sub-Saharan region of 

Africa. There is bound to be pressure on smallholders ’access to land with competing interest 

in land use such as for creation of residential and social amenities to cater for the rise in 

population (Mekasha et al., 2016; Aly et al., 2016; Bessah et al., 2019). This will require 

integrated policies that will cater for smallholder farmers diversifying into non-farm-based 

livelihoods as some studies have shown to have positive effect on well-being of smallholder 

farmers (Martin & Lorenzen, 2016; Chirwa et al., 2017; Danso-Abbeam et al., 2020)  

The study revealed that access to crop management techniques has a positive impact on 

climate change adaptation by smallholder farmers consistent with findings from IPCC (2014) 

and Ndamani and Watanabe (2016). Farmers can make decisions in planning for their farming 

activities using available resources to ensure that climatic variations do not compromise crop 

yields. For instance, farmers are using improved crop varieties such as disease-, pest- and 

drought-resistant and early maturing varieties, coupled with cover cropping and mixed 

cropping, as adaptive practices. Farmers already adapt with both scientific and traditional 

technologies for crop management.  

There is a negative coefficient for the knowledge of water conservation techniques that 

influence farmers ’decisions, as the adaptation for crop management decisions was not 

significant. The negative constant means farmers only minimally incorporate water 

conservation in their planning for the season, depending mostly on rainfall. While depending 

on other coping strategies like delaying planting dates to coincide with the start of rains before 

planting and the using of drought-resistant varieties. For example, a technique like bunding, 

which is exceptionally good in absorbing and conserving water for plant use, is limited to 

paddy rice production in the study area. This is inconsistent with other findings that showed 

that access to water conservation techniques has brought adaptation to climate change 

variations since its application is to conserve water for plant use and prevent the erosion of 

topsoil and leaching of nutrients from the soil (Anabaraonye et al., 2020; Eggers, 2022).  

During a focus group discussion, one participant candidly explained that many farmers have 

become less committed to traditional farming practices, abandoning methods used by their 

forefathers that once supported environmental protection and high-quality crop production. 
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They noted that previous generations relied heavily on organic matter, such as compost and 

animal manure, which produced better yields. In contrast, the current reliance on inorganic 

fertilizers and pesticides has reduced the quality of produce. Farming is no longer the primary 

occupation for many, with alternative income-generating activities taking precedence. This 

shift, driven by time constraints and economic pressures, has led to the gradual abandonment 

of beneficial traditional practices. 

This observation aligns with existing literature that shows smallholder farmers are 

increasingly diversifying into non-farm activities in response to climate variability and 

extreme weather (Garcia-Martinez et al., 2009; Deressa et al., 2011; Ojo & Baiyegunhi, 2020; 

Thindaa et al., 2020). Engaging in non-farm work helps relieve financial stress and credit 

limitations, enabling investment in farming inputs and adaptation strategies like adjusting 

planting schedules, tree planting, and using irrigation. These measures can enhance 

household resilience and strengthen rural economic systems. 

However, achieving meaningful transformation requires an integrated policy framework that 

supports collaboration across formal and informal networks and encourages social learning 

within the broader socio-ecological system (Genovese et al., 2017; Muñoz-Ulecia et al., 2021). 

Without such frameworks, smallholder households may increasingly shift away from 

agriculture-based livelihoods altogether, or younger members may migrate to urban centers 

in search of work (Ackah, 2013; Antwi-Agyei et al., 2014), leading to labour shortages and 

further challenges for farm productivity (Abdulai & Huffman, 2014). 

The household position of the respondents had the greatest probability of influencing farmers 

to adopt crop management techniques for climate change adaptations. Since the head of 

households is tasked with making decisions regarding farm activities, even on what type of 

crops to cultivate, most especially commercial crops, climate change adaptation is mostly 

decided by the head of the household rather than other members. Male farmers are less likely 

to adopt traditional techniques than female farmers (Antwi & Antwi-Adjei, 2023) while female 

heads are likely to choose diversification of income-generating activities as an adaptation 

since females are mostly involved in processing of produce or off-farm activities like trade 

(Fadina & Barjolle, 2018; Dagunga et al., 2018).  
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Many years of skills practice results in farmers being set in their craft, such that changing 

becomes difficult, since they trust what they have been practising (Yamba et al. 2019). For 

instance, older farmers with more years of technology experience may be more set in their 

ways, following the traditional ways familiar to them rather than trying out new ways of 

farming, while young farmers with less experience are more likely to adapt to modern 

technologies for the changing environment. Thus, the low adoption of modern technologies 

is likely due to the ageing farming population in the study zones, as young adults migrate to 

the southern regions for alternative jobs (Yamba et al., 2019).  

The negative coefficient for the number of crops grown seasonally means that female farmers 

adopt several crops in a cropping season to ensure they are not all lost in the event of changing 

weather conditions thereby reducing risk of total crop failure within a season (FAO, 2011). 

Since women oversee farming to feed the family, knowing the markets and nutritional needs 

of the household, conversely men mostly crop for commercial purposes using mono-cropping. 

In support of this, Madison (2006), Tesfaye and Seiful (2016), Belay et al. (2017) reported that 

smallholder farmers are adjusting to climate variation using crop diversification by introducing 

crops that are performing well under the changing weather.  

Better understanding and greater access to information by more highly educated farmers 

means that the adoption of scientific technologies and innovations for climate change 

adaptation rather than traditional ones, giving a negative coefficient. Also, since traditional 

practices are orally handed down from generation to generation, it does not require much 

education to enable the practices, but instead years of experience in practice and innovation 

(Yamba et al., 2019).  

4.4.2 Land management adaptation  

Land preparation for crop cultivation can contribute either positively or negatively to CO2 

emissions through the methods applied by farmers. The study results revealed that farmers 

combine different land preparation methods with the majority using either animal- or tractor-

driven ploughs, which are less laborious and faster. When the onset of rainfall is uncertain, 

farmers need to rapidly prepare the land for sowing to meet the rains when they fall. Farmers, 

however, have had to abandon traditional soil water conservation practices such as raised 

mound use in growing sorghum and millet since it is incompatible with tractor-driven 

implements (Kansanga et al., 2018). This practice led to the dropping of traditional staple 



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       142 

crops like maize, groundnut, and rice from the cropping system for commercial crops. Also, it 

could be argued that the increased use of tractors by farmers in clearing farmland as 

promoted by the New Green Revolution policy (Taiwo & Kumi, 2015) led to the exposure of 

smallholder farming lands to harsher climate variations. For instance, soil exposure leads to 

the loss of soil carbon through increased decomposition rates. More farmers continue to use 

tractors to cultivate land faster, leading to the abandonment of conventional land preparation 

methods such as slash-and-burn, raised mounds, or planting windbreaks and tree cover to 

conserve soil organic carbon and prevent top-soil erosion. Their plight will continue to worsen, 

while unknowingly contributing to CO2 emissions by exposing topsoil to erosion as is 

associated with land preparation by tractor. 

This is a case of the introduction and promotion of unsuitable technology adoption policies, 

which has led to a decline in soil fertility, resulting in a decline in crop productivity, while 

climate change continues to wreak havoc. However, a few farmers (13 %) used zero-till 

methods as a form of ‘climate smart agriculture ’to protect the soil from erosion, conserve 

water through effective percolation, and enhance carbon sequestration.  

There was a difference between the two agro-ecological zones in the use of animal-driven 

ploughs, with the Sudan savanna zone using them more frequently than those in the Guinea 

savanna zone due to the availability and easy access of animals to perform the task. The 

farmers chose methods that were available and affordable to use, while considering the soil 

ecology and crop cultivated. For instance, rice farmers used bunding to ensure enough water 

in the Sudan savanna zone, while mounds are used for yam cultivation in the Guinea savanna 

zone to ensure easy expansion of the tubers. Farmers also complained about the cost of 

ploughing, which they explained is expensive, leading them to rely on the traditional use of 

simple tools like cutlasses and hoes for land clearance before sowing, even though it limits 

the farm size without help from other farmers (a traditional practice).  

4.4.3 Soil management adaptation 

4.4.3.1 Soil fertility improvement 

Soil infertility has been one of the main challenges reported to affect smallholder agriculture 

in sub-Saharan Africa, and it has been exacerbated by climate change impacts (Raimi et al., 

2017). Also, soil fertility improvement has become more complex as farmers need to increase 
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fertility with the least release of greenhouse gas emissions possible, as in nitrogen fertilizers. 

This study has shown that farmers combine organic matter from composting, mulching, green 

manuring, and animal droppings with inorganic fertilizer such as NPK to improve soil fertility 

(Antwi-Adjei et al., 2014; Ndamani & Watanabe, 2016). However, farmers explained that 

improved crop varieties such as maize do not do well unless more inorganic fertilizer is used 

rather than organic matter. Since maize is now a major crop, inorganic fertilizer use has 

gradually increased in the community as a short-term trade-off to maintain yields. The 

continuous cultivation of improved maize and rice varieties will see a further increase in 

inorganic fertilizer use while the smallholder farmers' debt keeps rising due to the cost of farm 

inputs (incurred from an increased use of inorganic fertilizer, pesticides, herbicides, re-sowing 

of seeds, etc.) without the increase in yields to offset them. Also, organic matter sources such 

as animal droppings have become scarce, as only poultry droppings were available for 

purchase in the Guinea savanna zone during the 2022 cropping season. 

4.4.3.2 Soil water conservation techniques 

Warming trends have already become clear across the African continent with a prediction that 

the continent's 2000 mean annual temperature change will exceed +2°C by 2100. Coupled 

with these trends is the concern for the changing precipitation patterns (Pereira, 2017) as 

climate change and extreme weather can cause unexpected water stresses (floods and 

droughts) that limit agricultural productivity (Surendra & Awais, 2019; Bai et al., 2022). 

Accordingly, even if rainfall stays constant, the already existing water stress will be amplified 

due to increasing temperatures putting even more pressure on agricultural systems especially 

in semi-arid areas. Furthermore, since smallholder farmers depend mostly on rainwater for 

cultivation, there is a need to ensure enough water for crop growth during the critical stages 

to obtain the expected yields.  

The study revealed that various methods are used based on the farmers ’experience in their 

agro-ecological zone, as well as the technologies available to them, such as mulching, 

terracing, earthing-up, ridging and irrigation. The high percentage (44.7%) of farmers not 

adopting soil water conservation techniques and depending solely on rainfall recorded is 

consistent with Matchaya et al. (2019)’s finding of indeterminate and low adoption of water 

conservation practices in South African rural communities.  
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Given the detrimental impact of climate change on rain-fed agriculture due to its uncertainty, 

policies aimed at maximizing the adoption of technologies to build capacity and resilience 

within farming systems must be implemented through social learning and co-production of 

knowledge (IPCC, 2014a; FAO, 2017; Ranasinghe et al., 2021). With low uptake record of 

agricultural innovations across the sub-Saharan African due to barriers to adoption (Meijer et 

al., 2015), there is a pressing need for policy processes that foster social learning and 

encourage actions leading to systemic changes, such as the uptake of innovations (Collins & 

Ison, 2009b). To mitigate the risks posed by climate change on smallholder farming livelihoods 

and the anticipated increase in poverty in rural areas where agriculture is economically vital, 

as noted by Hallegatte et al. (2016), proactive measures must be taken in Ghana. 

As expected, the use of irrigation facilities was higher in the Sudan savanna agro-ecological 

zone than in the Guinea savanna agro-ecological zone (Table 4.4), which lacks such 

professionally managed facilities. But farmers that adopt irrigation have no options other than 

to cultivate along riverbeds or to depend on small water sources to irrigate their crops. 

However, women farmers in the Bole district in the Guinea savanna agro-ecological zone 

explained that if anybody were to construct an irrigation facility in the community, they would 

reject it due to the increased presence of Fulani herders (from neighbouring countries, as 

asserted by discussants), whose watering activities of their herds are destroying farms near 

water sources. It was reported that the herds trample on seedlings resulting in major losses, 

and the situation sometimes turns violent when the herders are confronted. It was revealed 

that the situation had caused farmers to develop aversive behaviour towards irrigation 

facilities in any form in general. This is a case of maladaptive behaviour stemming from 

unregulated use of water sources for agricultural production. Already Fulani herders' activities 

in other parts of the country have been reported turning violent with local community 

members (Olaniyan et al., 2015)  

The use of ridges and mounds, for instance, is prevalent in the Guinea savanna because of the 

cultivation of yams, which requires loose soil for easy expansion of the tubers implying a lower 

adoption of the use of tractors than in the Sudan savanna zone. Rice farms in the Sudan 

savanna, for example, use bunding to retain enough water for rice growth. However, the 

discussions revealed that mulching materials have become scarce, leading to a decrease in 

their use, because the residues after harvesting are not sufficient to cover the lands to 
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conserve soil water or prevent erosion of topsoil. This result prompts the need for a policy to 

bridge the gap by introducing cover crops for green manuring in place of the reduced 

availability of other mulch materials (Deressa et al., 2009). 

The findings showed that there are more farmers (113) in the Guinea savanna zone who are 

just farming without adopting any strategies to adapt or cope with climate change variation, 

compared to the 66 farmers in the Sudan savanna zone. The non-adoption situation in the 

Guinea savanna zone can be attributed to challenges such as the water source situations 

described above or insufficient mulch materials as also mentioned above, which factor into 

their decisions to not practice irrigation or mulching but continue to rely on rain-fed farming. 

However, since mulching is one beneficial method used in conservation agriculture, an 

alternative such as growing cover crops can be promoted easily in place of the mulching based 

on a familiar practice. Also, the findings revealed that farmers are using some methods for soil 

water conservation or prevention of wind or water erosion without knowing their full 

potential. For instance, farmers from the Sudan savanna zone thought earthing-up is only for 

anchoring plants against being washed away by heavy rains. They were then made to think 

about the technology to understand why a stick shows moisture after being dipped into the 

mound around the plant roots.  

Furthermore, according to farmers, bunding is only used for growing rice to ensure enough 

water for cultivation. However, the technology is being used for the regeneration of desert 

lands in Tanzania (Eggers, 2022). These examples show that the use of bunding can be used in 

water conservation for other crops and is not limited to just rice production. This traditional 

eco-engineering technology exists with several types found in the Upper East region designed 

to suit the purpose of land use, either for water conservation for cropping or the prevention 

of erosion. Antwi et al. (2005) recommended further research for its modification and transfer 

to other savanna zones especially as climate variation affects soil’s ability to hold sufficient 

water and remain fertile. It is a sign that there is a lot more that policy must address in terms 

of traditional expertise and its application in similar zones to enhance the resilience of the 

systems using extension agents. Some traditional practices have been abandoned due to the 

amount of energy and time required to undertake manually. For example, composting is no 

longer practiced because of job diversification, which has made agriculture a secondary job. 
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This will further worsen food insecurity in the country, as small-holder farmers continue to be 

the major food crop producers. 

4.4.4 Crop management adaptation 

Smallholder farmers are combining traditional knowledge and scientific technologies in crop 

management adaptation. The findings of this study show that farmers use their farming 

experiences and access to various technologies when deciding adoption strategies. The 

difference between the two zones in how farmers adapt by using drought-resistant varieties 

depends on the ease of access to a source of irrigation. For example, in the Sudan savanna 

zone, irrigation facilities managed by Irrigation Company of Upper Region (ICOUR) are 

regularly maintained and made available to farmers throughout the year. In contrast, in the 

Guinea savanna zone, small public dams or dugouts are managed at community level 

(Acheampong et al., 2018), making their use subject to decision of local committee members. 

The focus group discussions revealed that very often a few prominent and well-connected 

individuals in the community have more control over the resources. There is also the case 

regarding the Fulani herders' behaviour around the water sources in some communities in the 

zone (Adomako, 2019). If there is a policy to rehabilitate small water reservoirs in 

communities, then it is about time that multiple stakeholders are brought together to 

coproduce knowledge with the aim of social learning to transform use of water resources for 

agricultural purposes. Bringing the various stakeholders together to discuss issues to find 

solutions to the access and use of water sources will enable the ironing out of difference to 

utilize each other’s views for collective action (Ison, 2010). This is needed since they are more 

environmentally friendly than big commercial dams and have the potential to boost 

agricultural production as an adaptive technique to enhance systems' ability to withstand 

shocks from changing weather conditions.  

Farmers delay sowing to meet the onset of the rainy season as a mechanism to adapt to the 

late onset of rains (Antwi-Agyei et al., 2014; Tun Oo et al., 2017). By using their experiences 

of the climatic conditions over the years to predict the onset of rain, farmers can avoid 

resowing or filling in empty plant stands, which may be due to the failure of seed to germinate 

because of the lack of soil water, and thus also avoid the cost implications. 
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The changes to the cropping system are made to adapt to the changing climate and affect land 

preparation methods, as some crops may become incompatible, resulting in their 

abandonment. The choice to cultivate guinea corn and early millet, with a maturity period of 

more than three months, has decreased over the last decade due to poor yields, even though 

these were the main traditional staple crops for the two agro-ecological zones. Maize, (a 

commercial crop), suitable for cultivation with the land preparation method employed and 

with maturity period that fits the shortened rainfall pattern has replaced the cultivation of the 

traditional crops. This is consistent with IPCC (2007) report that elevated temperature 

associated with climate change will lead to significant regional and seasonal difference, that 

may require introduction of non-traditional crops as an adaptation strategy to offsite poor 

yield performance of traditional crops.  

Undoubtedly, this has the potential to cause the loss of local germplasm (traditional crops) 

and the skewing of crop production, limiting farmers' choices in consumption. Farmers have 

also changed their food culture and the aspect of rituals, which required the use of these 

staples. These findings are consistent with literature Callo-Concha et al. (2012) in Ghana, Tun 

Oo et al. (2017) in Myanmar, Basdew et al. (2017) in South Africa and Khan et al. (2019) in 

Pakistan. 

Additionally, practices such as mixed cropping, mono-cropping, shifting cultivation, and crop 

rotation are done as seasonal coping strategies to ensure sufficient yield despite the harshness 

of the climate impacts. These practices depend on the type of crop cultivated. For instance, 

in the Sudan savanna zone, paddy rice is grown using mono-cropping since it requires 

waterlogged land and commercial maize production. However, as already mentioned, mono-

crop maize requires a high amount of inorganic fertilizer to obtain the expected yields, since 

any missing applications lead to substantive loss in yields. Using traditional practices such as 

mixed cropping, crop rotation, and shifting cultivation with fallow periods leads to soil fertility 

improvement, as well as pest and disease management in adapting to climate impacts as such, 

most farmers produce more than one crop in a season. Mixed cropping, for instance, is also 

used to ensure security from total loss of yields within the season in case of adversity with 

any of the crops. Consistent with FAO (2011) findings that farmers cultivate multiple crops to 

spread risk due to changing weather conditions within a season.  
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Shifting cultivation and fallow periods have been reported to be dwindling due to demand for 

land because of a population increase consistent with report by FAO (2022) and IPCC (2022), 

that increasing population in SSA will put pressure on land use as demand for food rises. As 

shown from the results, few farmers practice fallowing though they stated that it is beneficial 

as a practice for soil fertility regeneration. Policy direction that will build the practice in 

agricultural conservation through social learning could serve as a bridge that could boost 

adoption rate of agricultural technologies for socio ecological sustainability.  

The study showed that the training of farmers through extension services was non-existent 

though there was a positive correlation between the few farmers who had attended training 

within the past five years, and the adaptation strategies practices learnt from training. The 

rare presence of extension agents in farming communities reflects the low adoption of 

technologies by farmers as knowledge transfer that leads to adoption requires training and 

direct practice mostly undertaking by extension officers as indicated by Angello (2015) and 

Sebeho and Stevens (2019).  

Moreover, Drafor (2016), Angello (2017), Ameru et al. (2018) and Mapiye et al. (2019), argued 

that farmers decision-making is hampered by restricted information and services, increasing 

their vulnerability to climate impacts. For instance, the use of on-farm demonstration is 

recorded to have the potential to build social capital and network among farmers (Adamsone-

Fiskovica et al., 2021b; Ingram et al., 2021) could be reintroduced adding up to technical 

learning. This may lead to the improvement of resilience of the system and eventually its 

transformation (Loorbach, 2010) to withstand shocks due to changing weather conditions.  

Furthermore, there is the need for farmers to understand the application and benefits of 

technologies adopted (Schipper, 2020) to ensure application of technology is not done half-

heartedly as evidence by farmers ’use of earthing-up as soil conservation practice without 

knowing the full benefits. Since this has the potential to lead to mal-adaptive behaviour of 

farmers in the form of abandonment of technologies for adaptation that will eventually 

deepening vulnerability of farmers. Consistent with Eusse-Villa et al. (2024) finding that 

certain individuals tend to maintain their patterns without changing their activities after 

experience an extreme weather event in mountainous region of North-eastern Italy. 
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Although, access to agricultural information is critical for agricultural system sustainability and 

output in the wake of climate fluctuations (Yaseen, 2016; Hamooya and Ngoma, 2019). 

However, smallholder farmers have been left on their own to figure out how to adapt to 

changing weather without knowing what the causes are and how long the impacts will last 

due to the almost non-existing interaction with extension services or public education on 

climate change and its impacts in the communities. This reflects in farmers’ expression of fear 

without knowing whether traditional water conservation practices will be enough to support 

crop growth amidst future climate impacts. Consistent with Niang et al. (2014) and Elagib 

(2015) findings that the magnitude and speed of projected climatic changes will outstrip 

farmers’ ability to manage these changes particularly in the West African Sahel region. Though 

farmers indicated their satisfaction with current water conservation adaptation measures, 

they expressed the desire to have access to sustainable irrigation facilities that can help ensure 

cropping all year-round.  

4.5 Conclusions  

This chapter established the use of both scientific and traditional methods by smallholder 

farmers to adapt to climate change impacts. The adoption of hybrid crop varieties (early-

maturing, drought resistant, disease and pest resistant and high yielding varieties); use of 

irrigation on- and off-seasons; use of inorganic fertilizers and weather forecast information for 

decision-making as the scientific methods. Land management techniques such as bunding, 

earthing up and mound making to conserve soil water for plant use, use of nature symbols in 

weather signalling are traditional techniques used. Coupled with the use of organic materials 

(mulching, animal droppings, plant residue, cover cropping) to improve soil fertility and 

structure. Moreover, changing planting date, crop diversification, changing crop type as 

practices based on traditional knowledge used in adjusting to diversify risks in coping for 

climate variations. 

Traditional knowledge is gradually losing its appeal due to lack of awareness of the full benefits 

of some techniques practiced by local community members, as well as the rate at which 

climate change is wiping-out practices based on nature for adaptation, making them less 

effective. Though the use of traditionally based strategies seems to be dwindling, there is no 

doubt that smallholder farmers will continue to use their traditional knowledge, since it is 
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almost cost free, while it could also be the basis for policies that promote and teach various 

climate change adaptation strategies. 

The two logistic regression models showed that farmers' adaptation decisions regarding land, 

soil and crop management were positively influenced by the observation or perception of 

weather changes, weather information (mostly traditional ways), land area available, position 

in the household, and crop techniques available. Education level, number of crops grown, 

number of plots available, water conservation techniques, gender, and agro-ecological zone 

had negative coefficients contrary to findings in literature. 

The use of tractor- or animal- driven ploughs has become entrenched in smallholders ’land 

preparations, sowing at the sudden onset of the rainy season. This, however, has resulted in 

the loss or reduction of practices such as bunding and mound-making, which ensure the 

conservation of soil water for plant use, as well as certain crops that require bunds or mounds 

for their cultivation, since these are manually constructed, and driven ploughs are unsuitable 

for their preparation.  

Even though traditional techniques such as bunding, earthing-up and mound-making could 

be used to ensure deeper soil water percolation, farmers limit their uses for certain crop 

production. These are gradually becoming obsolete since their practice requires manual 

construction, making the animal and tractor-driven implements incompatible. The situation 

continues with rain-fed agriculture practiced by most smallholder farmers without access to 

sustainable irrigation facilities. Undoubtedly, this will lead to an increase in yield losses due to 

water stresses and further deepening food insecurities, putting Ghana’s aim of reaching SDGs 

1 and 2 (No Poverty and Zero Hunger) off course.  

The extremely low rate of adoption of climate change adaptation techniques as recorded in 

this study reflects how climate change adaptation has been promoted in the country. 

However, farm management decisions showed that farmers selected strategies on their own 

to suit the conditions they face and the availability of the techniques. Sudan savanna zone 

farmers adopt water conservation techniques due to its hotter and longer drought period and 

the availability of an institutionally managed sustainable irrigation dam while in the Guinea 

savanna zone the adopted crop management techniques include using drought-resistant 

varieties, early maturing varieties combined with public managed water sources for irrigation, 
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a change in planting date. This situation requires integrated policy so that adaptation methods 

can be tailored accordingly to improve the rate of local adoption. The call for the 

documentation of traditional knowledge is in the right direction since it will preserve the 

knowledge base and prevent more knowledge from falling between the cracks or even losing 

its meaning as revealed during the discussions. The use of a technique without fully 

understanding its beneficial aspects may be one of the reasons why traditional knowledge is 

losing its tenets.  

Farmers are introducing new crops due to mechanised land preparation practices that are 

incompatible with traditional mound-making for traditional crops such as millet and guinea 

corn cultivation. Also, with the unavailability of early-maturing varieties for the delayed onset 

and shortened rainfall patterns, the new crops will undoubtedly lead to the extinction of local 

germplasm. To adapt to climate change, the farmers ’adoption of crop systems and land 

preparation methods has introduced commercial crops like maize and cassava, leading to 

changes in their food culture and rituals, which were based on traditional staples such as 

millet.  

According to the World Food Summit 1996, food security is obtained when the public has easy 

access to sufficient, safe, and nutritious food to meet their dietary requirements and provide 

for an active and healthy life (FAO, 1996). However, there is the need for policies that can help 

restore the situation, given that food security goes beyond availability, as the acceptance and 

variety of what is produced can have significant implications on whether it serves their needs 

fully or only partially.  

There is a difference in land ownership between male and female farmers with female owners 

owning less than their male counterparts. This situation reflects on local food security since 

female farmers normally produce for family consumption while males are interested in 

commercial crops. To bridge the disparity for local food security between northern and 

southern Ghana, policy directions that will ensure equal access to fertile farmlands by both 

men and women must be pursued to curb the culture of female farmers cropping on marginal 

infertile lands coupled with issues associated with climate change impacts. 

Smallholder farmers are gradually being pushed into debt due to costs associated with 

adoption of scientific technologies for climate change adaptation without the expected farm 
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yields to compensate. The situation is moving beyond the farmers ’capacity due to costs 

incurred from seed, chemicals (herbicides, inorganic fertilizer, pesticides), tractor hire, and the 

costs of irrigation, amidst the possibility of total crop failure due to climate variations and 

extreme weather events.  
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Chapter 5 

Exploring Mainstreaming Traditional Knowledge into Climate Change Adaptation 

Actions 

 

Objective 5: Explore how traditional knowledge could best be mainstreamed into policy. 

Research question 4: Is there a plan to mainstream and institute traditional knowledge in 

policy at both the district and national levels? If not, what are the barriers to this and how 

could they be overcome? 

Abstract 

Mainstreaming adaptation is adding formulated strategies to current policies and 

programmes to address climate concerns. Mainstreaming has been proposed as a tool for 

governments to ensure that traditional knowledge is utilised alongside scientific knowledge 

in climate change adaptation policies since scientific models alone may not be effective. 

Moreover, since climate change impacts differ from one ecological zone to another, 

adaptation strategies must be tailored specifically to address its impacts on a given ecological 

zone.  

The chapter examines how adaptation strategies employed by small-scale crop farmers could 

be integrated into policy to enhance system resilience drawing on policymakers' subjective 

perspectives on knowledge in the policymaking process. It is based on in-depth interviews 

conducted with key stakeholders including members of parliament at the national level, 

agricultural department officials, assembly representatives, planning officers, and local NGO 

representatives at the sub-national level. 

The findings revealed that smallholder farmers combine both scientific technologies 

(improved crop varieties) with traditional methods (use of organic matter for fertilisation, 

mixed cropping, delaying planting, fallowing, weather observation, diversification of cropping 

systems) in adapting to climate impacts. Also, lack of political will and resources, and limited 

capacity at the local level were revealed as the major barriers for mainstreaming small-scale 

farmers’ traditional knowledge into policy. The chapter concludes that mainstreaming the 

strategies of smallholder farmers based on traditional knowledge and scientifically based 
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techniques into policy will enhance the resilience of small-scale farming system. However, for 

adaptation policies to be relevant to the local situation, their formulation should be prioritised 

using a bottom-up approach.  

5.1 Introduction  

Mainstreaming is the addition of aims and objectives for climate adaptation into national or 

sub-national policies or plans for effective planning and delivery of services. Mainstreaming 

climate change adaptation into development has been endorsed as a practical way to counter 

climate change. The paybacks include avoiding policy discord, minimising vulnerability, and 

increasing effectiveness, in contrast to handling climate change adaptation in a separate 

policy. Also, mainstreaming allows for leveraging monetary streams in sectors influenced by 

climate risks rather than those quotas being accessible separately for funding adaptation 

(Lebel et al., 2012). The close association between climate change adaptation and 

development has led to requests to address the two issues in a combined way. But ongoing 

development planning will be more viable and productive, in addition to making purposeful 

use of materials when climate knowledge, strategies, and actions have been integrated into 

the decision-making process and put forward as a single solution rather than drafting and 

overseeing standalone climate plans (Ayers et al., 2014). However, since adapting to changing 

climate patterns is imperative, integrating climate adjustment goals into current policies, in 

contrast to designing a dedicated adaptation policy, has been broadly promoted for public 

action (Runhaar et al., 2018).  

5.2 Concept of mainstreaming  

5.2.1 What is mainstreaming into climate change policy?  

Mainstreaming refers to the integration of climate change concerns into an organisation’s 

existing interventions and decision-making processes. According to UNDP–UNEP (2021), it is 

an iterative process of embedding climate adaptation strategies into national and regional 

policy cycles, requiring multi-year engagement and multi-stakeholder involvement. Unlike a 

one-off application of climate information, effective mainstreaming is a systematic and 

continuous effort (UNDP, 2021). 
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Walker et al. (2014) describe mainstreaming as incorporating adaptation and mitigation goals 

across all phases of policymaking, including sectors beyond the environment, thereby 

reducing policy inconsistencies. Similarly, Bauer and Steurer (2013) define it as embedding 

climate adjustments into policy areas typically unconcerned with climate issues. The IPCC 

(2007) explains that mainstreaming integrates climate adaptation into broader development 

policies, programs, and actions, promoting more inclusive and effective decision-making. This 

process broadens the scope of policymaking by incorporating non-traditional knowledge 

sources. 

Oulu (2011) defines adaptation mainstreaming as aligning climate adaptation with 

development planning, institutional activities, and policy decisions. He (2013) argues this 

approach enhances the impact and sustainability of local interventions by embedding 

adaptation strategies into ongoing development efforts. Integrating climate adaptation into 

policies and development plans can also help reduce vulnerability to climate variability and 

impacts. 

Moreover, strengthening national initiatives and enhancing community adaptive capacity can 

foster sustainable development and prevent maladaptation (UNDP, 2012). Runhaar et al. 

(2012) highlight that mainstreaming can generate co-benefits, such as greener urban areas 

that reduce flood risks and support biodiversity. Kok and De Coninck (2007) add that 

mainstreaming can be cost-effective from both managerial and financial perspectives. When 

integrated into existing strategies and legal frameworks, adaptation can lead to more 

effective and tailored programmes. For instance, incorporating climate risk considerations 

into urban development plans can enhance the uniqueness and responsiveness of sectoral 

policies (Wamsler, 2014; Adelle & Russell, 2013). 

However, mainstreaming as a strategic approach has faced criticism, particularly for its 

potential to reduce the visibility of climate issues and lead to policy dilution (Liberatore, 1997; 

Persson et al., 2016). In contrast, the standalone approach tends to rely on clearly defined 

responsibilities, dedicated funding, and specific legal frameworks. Therefore, for 

mainstreaming climate adaptation to be both effective and transformative, it must involve 

deliberate strategies and targeted actions that go beyond general goals. 
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5.2.2 Framing the concept of mainstreaming  

Mainstreaming is not a new concept and has been applied as a tool for undertaking 

development topics such as gender inequality, HIV/AIDS, environmental degradation, and 

poverty reduction in developing countries (Oates et al., 2011; Lebel et al., 2012). Thus, varying 

frameworks for mainstreaming have been formulated based on the specific content. For 

instance, UNDP-UNEP (2010) interventions in mainstreaming climate change adaptation 

encompasses three levels: 

Firstly, development efforts should purposefully target reducing vulnerability, even if not 

explicitly focused on climate change, while avoiding maladaptation. This approach 

strengthens the policy foundation for adaptation and enhances overall system resilience. 

Secondly, it is essential that relevant agencies integrate climate change considerations into 

decision-making. This involves not only crafting climate policies but also addressing emerging 

needs across various sectors and regions. 

Thirdly, specific adaptation policies must be introduced to address gaps overlooked by 

broader development and mainstreaming efforts. Achieving this requires shifts in how 

governments approach policymaking, budgeting, implementation, and monitoring across all 

levels. 

However, the framework can be applied to the adaptation process or to specific elements of 

it, potentially intersecting with areas such as climate mitigation. Wamsler and Brink (2014) 

note that applying the framework to adaptation requires a comprehensive approach that 

systematically incorporates climate risk reduction into all procedures. 

5.2.3 Understanding the drivers or barriers to climate adaptation mainstreaming 

The implementation of climate adaptation mainstreaming at any stage may encounter 

barriers or opportunities. However, to describe the degree to which climate adaptation 

mainstreaming is fruitful in reference to outcomes and outputs that can be measured as 

successful, entails the grasping of the drivers of and barriers to mainstreaming. Earlier studies 

have acknowledged factors that can hinder successful mainstreaming adaptation strategies 

into existing policy from various viewpoints in six categories:  
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a. Political factors: These include alignment or conflict with adaptation goals, political will 

and awareness, public support, policy coherence across sectors, legislative flexibility, and 

government stability (Stead and Meijers, 2009; Runhaar et al., 2012; Dupont & Oberthür, 

2012; Uittenbroek et al., 2012; Wamsler & Pauleit, 2016).  

b. Organisational factors: Internal and inter-organisational challenges such as sectoral 

mandates, regulatory frameworks, coordination among government departments, 

collaboration across administrative levels, partnerships with non-state actors, role clarity, 

departmentalism, and institutional structures and processes (Persson, 2007; Stead & 

Meijers, 2009; IPCC, 2014; Wamsler, 2014; Uittenbroek 2014).   

c. Cognitive factors: Awareness levels, perceived uncertainty, sense of urgency, and public 

understanding of climate issues (Persson, 2007; Runhaar et al., 2012; Biesbroek et al., 

2013; Wamsler & Pauleit, 2016).  

d. Resources: Availability of human and financial resources, top-level management support, 

efficient information flow, and sufficient technical expertise (Stead & Meijers, 2009; 

Runhaar et al., 2012; Ekstrom & Moser, 2014; Uittenbroek et al., 2012; Wamsler & Pauleit, 

2016).  

e. Adaptation challenge characteristics: The way adaptation goals are framed and integrated 

into sectoral agendas, clarity of objectives, and alignment of timelines (Persson, 2007; 

Runhaar et al., 2012; Biesbroek et al., 2013; Ekstrom & Moser, 2014).  

f. Timelines: The ability to maintain momentum while awaiting long-term outcomes, and 

the seizing of key opportunities, such as large infrastructure projects for adaptation action 

(Runhaar et al., 2012; Wamsler, 2015; Uittenbroek, 2014). 

 

Moser and Ekstrom (2010) on the other hand, outlined how various barriers and 

opportunities correspond to specific stages of the policy process. In the initial stage, barriers 

tend to be cognitive, social, institutional, or organisational, reflecting challenges in problem 

recognition and agenda setting. The second stage, focused on planning, is typically affected 

by technological, financial, organisational, or institutional constraints. In the implementation 

or management stage, barriers are often financial and organisational. Importantly, some 

challenges and opportunities may span multiple stages and reappear as the policy process 

unfolds. This highlights the need for an iterative, rather than strictly linear, policy approach, 

where past lessons inform future steps. 
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However, organisational barriers may not always be directly linked to climate adaptation. 

According to Lorenzoni and Hulme (2009) and Biesbroek et al. (2009), such barriers can 

include competing policy priorities, weak leadership, limited public demand, and lack of 

political will. Van den Brink (2009) adds fragmentation, lack of coordination, and rigid 

organisational cultures as contributing factors. 

Nonetheless, the policy formulation process also presents opportunities. These include strong 

leadership, available resources, supportive public and political pressure, subsidies, alliances 

with innovators, and the catalytic effect of past disasters (Füssel & Klein, 2004; Jordan & 

Lenschow, 2010; Bulkeley, 2010; Tompkins et al., 2010). Leaders may reinterpret some 

barriers as potential openings or leverage conflicting perspectives as opportunities for 

integration (Uittenbroek et al., 2012). 

5.2.4 Mainstreaming climate change policy in Ghana – the discourse 

Ghana, like many African countries, has been mainstreaming various national policy 

frameworks in response to local and international level demands most especially the donor 

community to ensure that climate change adaptation and mitigation features prominently in 

its policies. Ghana’s journey towards climate change action began in the nineties within the 

period between 1996 and 2014 characterised as the era of climate change and its worldwide 

impact. Ghana National Development Planning Commission (NDPC4) prepared five National 

Development Planning Frameworks (NDPFs). Ghana Vision 2020 from the 1996–2000 period 

was the first one. The Ghana Poverty Reduction Strategy5 (GPRS I) from 2003–2005 and the 

Growth and Poverty Reduction Strategy (GPRS II) from 2006–2009 were prepared within the 

last eleven years. The NDPC has subsequently prepared three additional NDPFs: the Ghana 

Shared Growth and Development Agenda (GSGDA I), which covered 2010–2013, GSGDA II 

from 2014–2017, and the first step for Agenda for Jobs: Creating Prosperity and Equal 

Opportunity for All, covered 2018–20216, while the current NDPF, The Ghana Agenda 2027 or 

Ghana @ 100, covers 2022–2027. These frameworks govern the Ghanaian development 

 
4 The NDPC was set up under Articles 86 and 87 of the 1992 constitution authorised in making stipulations for a synchronised 

programme of economic and general development strategies. 
5 Ghana's development framework for economic growth, poverty reduction and human development. It is the framework 

adopted by the Government of Ghana to foster economic growth and fight poverty. 
6 The 2018–2021 is used as the reference MTDPF for discussions since implementation of 2022–2027 had just begun during 

the course of this project and most strategies were a continuation from 2018-2021. 
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agenda, which also includes instructions for creating medium-term development plans for 

metropolitan, municipal, and district assemblies (MMDAs).  

The Ghana Vision 2020 framework identified environmental challenges such as pollution, 

deforestation, soil and coastal erosion, and inefficient waste management – a precautionary 

step to study “the cause of environmental degradation presents Ghana with an opportunity 

to avoid many of the errors committed by the industrialised countries in the past” (NDPC, 

1995: 17). It aimed to decrease “ecological and environmental degradation” while promoting 

“an efficient waste management system and the development of water bodies to be 

environmentally safe in the country” (NDPC, 1995). 

The GPRS I captured environmental issues linking poverty to environmental factors and 

declared that poverty may be triggered or worsened by exposure to environmental 

devastation owing to limited adoption and utilization of agricultural technologies to prevent 

the impacts of droughts, floods, diseases, and environmental deterioration (NDPC, 2003). 

GPRS I aimed at aligning national objectives with international objectives via “environmental 

sustainability and recuperation” (NDPC, 2003: 25). Yet, climate change was not mentioned in 

GPRS I, thus failing to consider its importance (Nelson & Agbey, 2005). In effect, Ghana did 

not feature climate matters in its development goals before GPRS II. Whereas environmental 

problems were expected to be part of some of the concerns for developmental planning in all 

sectors of the Ghanaian economy in the GPRS I period, the conspicuous non-appearance of 

climate formulations point to the fact that climate matters did not get much attention in the 

governmental plans (Owusu-Daaku & Diko, 2017). 

Climate change was first evidenced in the GPRS II period with laws, objectives and tactics 

formulated as ‘climate variability or change.’ The problem was, however, framed in relation to 

environmental degradation with the aim to endorse the use of combined ecosystem 

management alongside human-centered biodiversity protection drives, and promote the use 

of technologies and actions beneficial to the environment. Also included were laws to protect 

the environment without linking the cause of environmental issues to climate 

change/variability (GPRS II, 2006). This prompted Cameron (2011) to indicate that the GPRS II 

stated general climate variability and climate change without aligning its impact to the poverty 

reduction strategies. Thus, Ghana’s national climate change discourse only began in the GPRS 
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II period despite non-governmental agencies’ previous engagements (Würtenberger et al 

2011) while fortifying achievements towards national plans on climate change.  

Climate change mainstreaming in Ghana continued with major steps in the development of 

national policies and actions steered by the pursuit to meet global obligations, and the 

demand to adjust to and ease the effects of climate change (Atanga et al. 2017). Beginning 

with the mention of climate change in the GPRS II plan period, the government gave ‘distinct 

deliberation to climate change at all levels of development planning’ (NDPC, 2011, 2013). The 

National Climate Change Committee7  (NCCC) was established and it collaborated with the 

Ministry of Environment, Science, Technology, and Innovation (MESTI) to begin procedures to 

ensure that concerns associated with climate fluctuations were mainstreamed into the 

national development agenda (Würtenberger et al., 2011; Owusu-Daaku & Diko, 2017). These 

included the integration of climate issues into the GSGDA I and II, establishing the NCCC, 

developing the National Climate Change Adaptation Strategy (NCCAS), developing the 

National Climate Change Policy (NCCP) and the Ghana National Climate Change Master Plan 

(2015–2020). The GSGDA 2010-2013 (NDPC 2010) and 2014-2017 (NDPC 2014) represented 

substantial efforts by the government to incorporate climate change adaptation into the 

development agenda at the national level. The national medium-term development policy 

framework identified climate change concerns as intertwined and influenced the attainment 

of national goals and priorities. Out of the seven thematic areas of the GSGDA, climate change 

is discussed in four themes which are: 

I. Improved competitiveness of Ghana’s private sector, 

II. Accelerated agricultural modernisation and natural resource management, 

III. Infrastructure and human settlement development, 

IV. Human development, employability, and productivity.  

The GSGDA also contributed to the drive for the incorporation of climate change at the local 

level using guidelines of the Medium-Term Development Planning Framework (MTDPF8). The 

MTDPF: An Agenda for Jobs: Creating Prosperity and Equal Opportunity for All (First Step) 

 
7 The NCCC is a multi-sectoral body on climate change consisting of representatives of government and non-government 

institutions mandated to oversee that Ghana is guaranteed sustainable development with equitable low carbon economic 
growth on the tenet of climate-resiliency and compatibility with the economy.  
8  MTDPFis the framework document that gives guidelines to the national development agenda for all sectors of the 

economy. 
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2018–20219 also sought to augment ‘climate change resilience at all levels across all sectors’ 

by ‘strengthening the incorporation of climate change in development planning and budgeting 

processes at all levels. Additionally, to document and broaden advanced climate-smart 

indigenous agricultural knowledge’ (NDPC, 2017). The Ghana Agenda 2027 or Ghana @ 100 

Medium-Term NDPF (2022–2027) now seeks to enhance organisational competence for 

successful climate-related actions, improve climate change resilience, and reduce greenhouse 

gas emissions by building on the tenets of the MTDPF for 2018–2021 on climate change 

adaptation and mitigation strategies. Figure 5.1 shows a summary of the aims for climate 

change mainstreaming in the Ghanaian developmental framework from 1996 to 2027. 

 
Figure 5.1: Summary of aims for climate change mainstreaming in Ghana’s developmental frameworks              
1996–2021. (Ghana Vision 2020, GSGDI, GSGDII, AJ: CPEOA 1st Step and Ghana Agenda 2027 or Ghana @ 100) 

 

5.2.5 Climate change and agriculture policy nexus 

There is a critical need for inter-sectoral planning and strong inter-ministerial coordination in 

national development regimes to ensure cohesive progress and effective climate change 

adaptation (Sova et al., 2014). Climate adaptation efforts should mirror this coordinated 

approach to build systemic resilience across the country. However, Ghana’s Ministry of Food 

and Agriculture (MoFA) has not revised its Food and Agriculture Sector Development Policy 

 
9 The 2018–2021 is used as the reference MTDPF for discussions since most issues of the 2022–2027 continue from it. 

•Environmental challenges: pollution, deforestation, soil & coastal 
erosion & inefficient waste management.

•Preventive measure to understand the cause of environmental 
degradation.

Ghana Vision 2020:                                      
1996-2000

•Climate change at all levels of development planning.

•Initiation of process to integrate climate issues in the national
development agenda.

GSGDI: 

2010-2013

•National Climate Change Adaptation Strategy & National Cimate
Change policy document.

•Mainstreaming of climate change at the local level.

GSGDI: 

2014-2017

•Climate change resilience at all levels & deepening mainstreaming
climate change in development planning and budgeting process.

•Promote and document improved climate-smart indigenous
agricultural knowledge.

Agenda for Jobs:                                  
CPEOA I:                                                          

2018-2021

•Enhance organisational compentence for successful climate-related 
actions.

•Improved climate change resilience and reduce greenhouse gas 
emissions.
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100



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       162 

(FASDEP II) since 2007, despite four successive Medium-Term Development Policy 

Frameworks (MTDPFs) that identify climate adaptation strategies for multiple sectors. 

Sova et al. (2014) examined climate adaptation priorities in Ghana’s agricultural policies and 

found that climate change was mentioned only once in FASDEP II, compared to 62 references 

in the Ghana Shared Growth and Development Agenda II (GSGDA II). This inconsistency 

continued, despite later frameworks such as the MTDPF 2018–2021 and the Ghana National 

Climate Change Policy (GNCCP) acknowledging the role of indigenous agricultural knowledge 

in adaptation and emphasizing the need to mainstream such practices into ministerial policy 

frameworks (GNCCP, 2013). 

The GNCCP outlines actions to strengthen farmer resilience, including building the capacity of 

extension officers, promoting improved technologies, and developing climate-resilient 

cropping and livestock systems. These systems should include varieties and breeds tolerant 

to drought, flooding, and salinity. Despite this, FASDEP II remains largely silent on climate 

change adaptation and mitigation and fails to incorporate or even acknowledge traditional 

knowledge and best practices—a notable gap in aligning agricultural policy with national 

climate strategies (see Table 5.1). In contrast, the GNCCP implies that existing FASDEP II 

programmes may indirectly contribute to adaptation through science-based technologies, yet 

the absence of traditional knowledge integration remains a significant oversight. 

Table 5.1: Comparison of climate change action programmes from the Ghana Food and Agriculture 
Sector Development Strategy II (2007) and the Ghana National Climate Change Policy (2013). 

Food and agriculture sector development policy 

strategies for crop sector 

National climate change policy actions for agriculture 

sector 

Support development of certified seeds/planting 

materials and improve farmer usage through increasing 

awareness campaigns. 

Enhance capacity for farmers and fisherfolk and create 

awareness of climate change concerns. 

Deepen broadcasting of modernised technical crop 

production packages. 

Develop and enhance the competence of extension 

officers in new farming technologies to deepen their 

support for farmers. 

Promote the development of high-yielding, disease- and 

pest-resistant varieties, and expand distribution of 

accredited planting material. 

Develop climate–resilient cropping and livestock 

systems, crop cultivars and livestock types, to 

withstand drought, flood, and salinity.  

Guarantee to reach city agriculture workers with 

required information technology and inputs. 

Document and advance suitable traditional 

knowledge and best practices. 

Source: FASDEP II (2007: 42) and GNCCP (2013: 62)  
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5.2.6 Summary  

Mainstreaming climate change adaptation involves integrating climate goals into existing 

national and sub-national policies and plans, aiming to enhance planning and service delivery 

by considering climate impacts. Instead of treating adaptation as a separate issue, it is 

embedded into broader development strategies. This approach provides several benefits, 

including avoiding policy conflicts, reducing vulnerability, and improving overall effectiveness. 

It also facilitates the use of resources to incorporate climate knowledge from diverse sources, 

encouraging public actions and engagement. 

A review of policy regimes in Ghana shows a progressive effort to integrate climate change 

considerations into sectoral policies and development plans, in line with global trends. 

Institutions and frameworks have been established to support implementation. Central to 

these efforts is the inclusion of diverse knowledge sources, including traditional knowledge, 

into climate adaptation strategies, extending from the national level to sub-national, sectoral, 

departmental, and district policies (NCCP, 2014). However, the translation of these 

knowledge systems into actionable plans at the sub-national level remains limited across 

much of Africa, including Ghana (Atanga et al., 2017; Diko, 2018; Nkiaka & Lovett, 2018). This 

has led to criticisms that many policy frameworks focus more on fulfilling international 

obligations than addressing local needs (Cameron, 2011; Diko, 2018). 

Integrating traditional knowledge into climate-related policies is especially important in 

African countries where rain-fed subsistence agriculture is a major economic activity and is 

highly vulnerable to climate change (IPCC, 2014). In Ghana, agriculture is a critical livelihood 

source for rural communities. However, several barriers hinder effective policy 

implementation, including under-resourced institutions (Chandra et al., 2018; Runhaar et al., 

2018; Antwi-Agyei et al., 2021), weak collaboration among stakeholders (Diko, 2018; Naab et 

al., 2019; Yeleliere et al., 2022a), and a gap between climate change research and 

policymaking (Chandra et al., 2018; Clapp et al., 2018; Dinesh et al., 2018; Taylor, 2018). While 

scientific models are valuable, evidence suggests they are insufficient on their own to address 

climate impacts due to the localized nature of climate vulnerabilities. Therefore, integrating 

traditional knowledge is crucial for developing policies tailored to specific agro-ecological 

zones (IPCC, 2014, 2021 & 2022). 
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Although research has documented the role of traditional knowledge (TK) in adapting to 

climate change and recommended its inclusion in policy formulation (Belay et al., 2017; 

Antwi-Agyei et al., 2021; Apraku et al., 2021; Filho et al., 2023), a significant gap remains 

between scientific and traditional knowledge as policy-relevant sources of information. 

Policymakers in Africa often underestimate the value of traditional knowledge in climate 

adaptation (Leal Filho et al., 2021; Yeleliere et al., 2023). Integrating diverse interventions into 

cohesive policy frameworks requires contributions from various policy actors. These actors’ 

perceptions, values, beliefs, and ideologies influence how they interpret and utilize different 

types of knowledge and evidence in policymaking (Lorenc et al., 2014; Cairney, 2016; Capano 

& Malandrino, 2022). For example, Parkhurst (2016) argues that policy actors with different 

belief systems may interpret the same evidence in contrasting ways due to variations in 

motivation and values. Additionally, the increasing complexity of communication at the 

science-policy interface in terms of both information quality and presentation has made 

collaboration among policy actors more challenging (Wilkinson et al., 2017; Sokolovska et al., 

2019). 

Building on this context, this chapter explores the perspectives of policy actors regarding the 

mainstreaming of traditional knowledge alongside scientific knowledge in climate change 

adaptation. It examines their views on climate change and its impacts, the adaptation 

strategies employed by smallholder farmers, and the role these farmers play in climate 

governance. Additionally, the chapter investigates the perceived barriers to integrating 

traditional knowledge into local climate policies. 

5.3 Methodology 

This part is the qualitative part of the mixed method used for the dissertation. According to 

Hammarberg et al. (2016) since in-depth interview (IDIs) helps to understand a condition, 

experience, or event from a personal perspective of individuals, the study utilised IDIs to 

interact with key informants/policymakers for the data collection. 

The interviews were done using an interview guide developed from information from 

literature reviewed from climate change and development planning in Ghana. The guide was 

structured such that it could be answered directly by interviewees who may request to 

answer in written format instead of being interviewed as I anticipated that parliamentarians 
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may complete the questions in a written fashion rather than have a one–on–one interview. 

The planned interviews were between 25 to 30 minutes to ensure that participants gave full 

attention to the interviewer although some individuals exceeded the time limit. The 

interviews with the parliamentarians were via phone calls though two provided answers by 

filling the guide as a questionnaire. The remaining interviews were face-to-face after agreeing 

to participate in the study (refer 2.5.3).  

5.3.1 Sampling 

The study utilised purposeful and snowball sampling methods for the selection of 

interviewees (refer to section 2.4).  

5.3.2 Data collection  

Data collection activity took place between May 2022 to June 2022 in the study area using 

face-to-face interviews for the officials participating in the study while phone interviews were 

done with the Members of Parliament in English language by the researcher. Though two 

participants of the members of parliament preferred to complete the guide as a questionnaire 

and submitted it in written form via WhatsApp (refer 2.5.3).  

5.3.3 Data analysis 

The notes from the interviews were typed out by the researcher using Microsoft Word. The 

typed notes with the voice recordings were transcribed, coded, and analysed using computer–

aided (CAQ–DAS), NVivo 12 version (Figure 5.2). First, manual coding was done before the 

NVivo assisted codes were generated for the scripts and voice recordings to ensure that biases 

were minimised. The parent codes generated were under the following headings: Observed 

change due to climate change; Observed impact of climate variations in community; Sector 

affected the most by climate change impact; and Awareness of climate change frameworks 

and institutions.  
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Based on concept of integration for mixed method approach as intentionally mixing all 

components of the research process – data collection, the use of diverse methods, analysis, 

and presentation of results throughout all stages of the study (Creamer, 2018; Plank Clark, 

2019; Zhou & Wu, 2022). This integrative feature is a defining characteristic that distinguishes 

mixed methods research from other multi-method or multiple study designs. A section of this 

chapter’s results was quantified to provide a clearer understanding for readers, in line with 

Andrew et al. (2008), who suggest that the point of integration can be determined by the 

researcher to best suit the presentation of results. 

 

5.4 Results and Discussion 

5.4.1 Characteristics of Interviewees 

The interviewees comprised five members of parliament (national government), seven district 

agriculture officers, three NGO representatives, eight district assembly members and three 

district planning officers (26 in total). There was only one female among the participants, 

reflecting the low degree of women’s participation in both national and local assemblies in 

Ghana. Their ages ranged from 32 to 72 years, with a mean age of 47.7 (standard deviation: 

12.8). Most decentralised officials comprising the agricultural officers and district assembly 

Import data to NVIVO 
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recordings
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for visualization of 

themes
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understanding

Figure 5.2: Process of identifying themes from interview scripts and recordings 
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members were below the mean age, thus with fewer years of experience in planning and 

implementation. 

5.4.2 Observed change in weather due to climate variations 

5.4.2.1 Observed changes in weather patterns 

Climate variations and their impacts have been documented by scientists seen in literature 

causing increase in temperature, prolonged drought, and rising sea level worldwide. 

According to the IPCC (2021) assessment, human activity has warmed the land, atmosphere, 

and ocean, causing widespread and rapid changes in the climate.  

5.4.2.1.1. Changing rainfall 

The findings obtained showed that all respondents had observed changes in weather 

conditions due to climate variations over the last ten-year period particularly with changes in 

the rainfall patterns as follows: delay in onset of the rainy season, shortened duration of the 

rainy season, high rainfall intensity, reduction in the amount and distribution of rainfall, 

erratic rainfall patterns as commented by a district agricultural director from Guinea savanna 

zone: “Rainfall patterns have changed, with uneven distribution, fluctuating amounts, and the 

rainy season now ending in October instead of January previously.” 

The study revealed that the length of dry spells, which typically last two to three weeks during 

the rainy season, has been increasing, thereby resulting in less water available for farming 

activities. As indicated by local NGO director from Guinea savanna zone and a district 

agricultural officer from Guinea savanna zone: “Delayed rainfall pattern, rainfall duration has 

reduced (three months instead of four).” “Erratic rainfall patterns and seasonal shifts now 

bring early droughts, unpredictable rains, extended harvest times causing crop rot, and 

prolonged dry spells during the rainy season. The rains, which once started in March, now 

begin in May.”  This is consistent with findings from Teye et al. (2015) and Kgosikoma et al. 

(2017) from a study across SSA where smallholder farmers observed decline in rainfall days. 

Although, interviewees from the zones reported changes in rainfall patterns, a shortened 

rainy season, and a longer dry season. The impacts of these changes were different across the 

zones with the onset of the rainy season in May or early June and ending in September or 

early October in the Sudan savanna zone as explained by an assembly member: “Delayed in 
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onset of rainfall season previously starting April and now ending May or early June. The ending 

of the season is now in September or early October.” In contrast, the onset of the rainy season 

starts now in April/May and ends sometimes towards the end of September or early October 

in the Guinea savanna zone. The following observations were expressed from two assembly 

members: “Previously, rainfall began in December or January, with the main season starting 

in February or March. Now, rains commence in April and may end by September. Irregular 

rainfall previously ended in October/November with no change in temperature.”  

5.4.2.1.2. Changing temperatures 

The findings revealed increase in both the daytime and night-time temperatures, and extreme 

weather conditions as expressed by a member of parliament: “There is rising temperatures 

throughout the day.” According to the interviewees, the Sudan savanna zone has also seen an 

increase in both day and night temperatures while no change was observed in the Guinea 

savanna zone. The Sudan savanna zone has become drier due to a shorter rainy season and a 

longer dry season than the Guinea savanna zone as commented by an assembly member from 

Sudan savanna zone: “There is increase in temperature, both day and night temperatures. 

Though the rainfall pattern is irregular, the most significant effect is intensity and the amount 

of rain, often accompanied by fierce winds.” Yaro’s (2010) findings align with these 

observations, emphasizing that fluctuating climate characteristics result in climate change 

impacts—both direct and indirect—that vary across different ecological zones, livelihood 

groups, and sectors. 

5.4.2.1.3. Prolonged drought period 

The results show that the Sudan savanna zone had the longest drought period since its rainfall 

months (May to October) were less frequent than those of the Guinea savanna zone (April to 

November), consistent with district analytical reports from Ghana Statistical Services (GSS, 

2014). As stated by a parliamentarian: “The harmattan season has been prolonged making 

drought period longer.”  

The observations from the members of parliament are similar in general terms to findings 

from local officials as commented by two parliamentarian interviewees: “Rainfall pattern has 

changed; rains have become intense resulting in an increase in flooding.” – MP1. “There is an 

increase in variability and decrease in rainfall totals alongside rising sea levels.”– MP 2. These 
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are the type of knowledge the members of parliament can use to advocate for, and inform the 

development of, climate actions to support constituents, but such actions do not happen 

often enough to show that parliamentarians are representing their constituents. This is not 

surprising since most Ghanaians view parliamentarians to be disconnected from their 

constituents (Acheampong, 2020) making their representation deficient. However, Fridy and 

Myers (2019) reported that communities rate formal national institutions (parliamentarians) 

as more effective in solving local problems than local institutions (district assemblies). 

Nevertheless, the evidence of climate variation and its impacts are major events that cannot 

go unnoticed, whether a disconnect exists or not. 

5.4.3 Observed impact of climate variations in local communities 

The results revealed that all participants observed negative impacts of climate change 

variations both at local and national levels. The observed impacts enumerated by the 

interviewees were grouped under four headings namely, environmental, economic, 

agricultural, and financial impacts in Figure 5.3 below.  

Members of parliament primarily highlighted national-level impacts, such as perennial 

flooding and its economic toll, including the financial burden on citizens and the government. 

Relief services managed by the National Disaster Management Organisation (NADMO) 

further contribute to these costs. Additionally, inadequate water for hydropower generation 

has forced increased government spending on crude oil. These observations align with 

findings from Asante & Amuakwa-Mensah (2014), UNDP (2021), and the World Bank Group 

(2022). 

In contrast, local policy actors focused on localized impacts, including altered rainfall patterns, 

extended dry periods, and rising farming production costs. These align with research by 

Zizinga et al. (2017) in Uganda, Gedefaw et al. (2018) in Ethiopia, Karachi et al. (2020) globally, 

and Owusu et al. (2021) in Ghana. 
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Figure 5.3: List of observed climate change impacts under four categories noted by interviewees in two agro-
ecological zones in northern Ghana 

 

 

Participants highlighted a range of climate change impacts across environmental, economic, 

agricultural, and financial dimensions. Environmentally, they observed increased flooding, 

occasional loss of lives and property, accelerated coastal erosion, rising temperatures, 

extended drought periods, and the drying up of water bodies (IPCC, 2014; 2020). 

Economically, they reported food shortages, hunger, declining incomes, and rising costs of 

agricultural inputs such as fertilizers, improved seed varieties, and tractor services. Even 

organic matter, which was previously free, is now sold due to high demand. A district 

agricultural director from the Guinea Savanna zone noted; “The cost of production has 

gradually been increasing beyond farmers; even organic manure is now for sale, adding to the 

cost.” In terms of farming activities, participants mentioned crop losses, increased pest and 

disease infestations requiring chemical control, shrinking farm sizes, and declining soil fertility 

(IPCC, 2014). Financial challenges included the cost of relief services for flood victims and 

expenses for road repairs following extreme weather events (Figure 5.3).  
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Overall, respondents demonstrated a strong understanding of the key climate change 

impacts, aligning with findings in existing literature (Ndamani & Watanabe, 2016; Dendir & 

Simane, 2019; Khan et al., 2019; Adzawlaa et al., 2020). Notably, each group focused on issues 

within their mandate. However, Members of Parliament primarily addressed national-level 

concerns, reflecting the perception that they are often disconnected from their constituents 

(Acheampong, 2020), and therefore may not accurately represent local preferences during 

parliamentary discussions. 

5.4.4 Sector affected the most by climate change 

According to all stakeholders (26; 100 %), the agricultural sector is most affected by climate 

change, especially for smallholder farmers. This finding is consistent with Tubiello et al. (2012), 

who showed that subsistence food production by smallholder farmers would bear most of the 

brunt of climate impacts due to its dependence on rainfall for cultivation. Thus, undoubtedly, 

for Ghana to achieve SDGs 1 and 2 (No poverty and Zero hunger) will require intensive climate 

change adaptation and mitigation actions that will improve the resilience of local systems that 

cater to the livelihood of about 90 % of the farmers who practice smallholding farming in their 

communities (MoFA, 2016).  

5.4.5 Agricultural sector’s nationwide strategies for climate change adaptation  

Since agriculture is the backbone of the Ghanaian economy, it is expected for the sector to 

have an aggressive strategies and campaigns nationwide to educate the teeming smallholder 

farmers susceptibility to the climate change impact to ensure adoption of innovations to build 

resilience of the farming system for sustainability. The interviewees listed the following: 

promotion of the use of improved cultivars; promotion of use of cover cropping and education 

of the effect of slash and burning as the agricultural sector’s nationwide strategies for climate 

actions towards adaptation. 

5.4.5.1 Promotion of the use of improved cultivars 

Results showed that the sector is promoting the use of improved cultivars/early- maturing 

varieties and planting of trees interspersed with food crops (agri-silvicultural systems). In the 

Guinea zone, for instance, cashew and mango are being promoted in an argi–silviculture 

system as part of the government’s Planting for Export and Rural Development (PERD) 
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Programme and planting for food and jobs under the government’s flagship initiative (Yagbon 

radio online, 2020). Though the two initiatives noted above do not target climate change 

mitigation or adaptations, they were mentioned because they target farmers. As expressed 

by a coordinator for Nation Builder’s Corps: “Cashew and mango are being promoted in tree-

crop production system as per the government’s planting for export and rural development 

(PERD) programme.”  

The Presidential Special Initiative (PSI), launched in 2001 by President Kufuor and the New 

Patriotic Party (NPP), aimed to develop Ghana’s oil palm industry by adding value to palm oil 

products for local and regional markets, with long-term goals of accessing the global market 

under the United States’ Africa Growth and Opportunity Act10 (AGOA11) (Asante, 2012).  

A similar model has been reintroduced by the current NPP administration, now focused on 

accessing carbon sequestration funds through tree planting. However, both initiatives 

primarily target large-scale farms, excluding most smallholder farmers with land sizes of only 

1.5–2.0 hectares. These initiatives are often implemented by the central government without 

integrating into local development plans, drawing criticism for being politically motivated 

attempts to establish a visible presence in communities for electoral gain. 

Similar patterns have been observed elsewhere in Africa. For instance, Artur and Hilhorst 

(2012) noted that national resources in Mozambique were allocated for political patronage. 

Arriola (2009), supported by Gallego and Wantchekon (2019) and Aspinall and Berenschot 

(2019), argued that African leaders often use patronage to reward loyalists and suppress 

rivals, reinforcing a top-down governance approach that marginalizes local participation. This 

sentiment was echoed by an executive secretary of a local NGO in the Guinea Savanna zone, 

who lamented the exclusion of the shea tree—an indigenous species with economic 

significance for women during off-farming seasons—from the presidential initiative: “It is 

worrisome that the promotion of shea tree was left out of the presidential flagship initiative, 

the shea tree has been a source of income activities for women during off farming season since 

growing up. An indigenous tree that the people know very well to cultivate.”  The omission of 

 
10 AGOA is, a unilateral United States strategic trade programme signed into law in 2000 by then President Bill Clinton 

to cover an eight-year period from October 2000 to September 2008. 
11 AGOA–extended to 2015 in 2004 through amendments signed by President George Bush. This builds on and expands 

duty-free provision of the Generalised System Preferences (GSP), offering free tariffs on 7,000 products to eligible sub-
Saharan African countries exporting to the US market. 
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the shea tree, which has long-standing research support as an alternative to cocoa in northern 

Ghana, may have political motivations, as its inclusion could benefit the opposition National 

Democratic Congress (NDC), under whose administration the research began. 

Expanding the existing shea tree research and promoting its cultivation could significantly 

increase local beneficiaries, particularly women. Yiridomoh et al. (2021) found that women in 

northern Ghana are increasingly turning to shea butter and pito production to adapt to erratic 

rainfall patterns. Despite this, the current initiative prioritizes cashew trees over the shea, 

overlooking its potential as a raw material for industrial use. A district planning officer 

summed up the situation: “We are told what to do from the head office in Accra,” highlighting 

the continued dominance of central government in local decision-making. Aryee (2008) also 

noted that the central government often imposes conditions on the District Assembly 

Common Fund (DACF), limiting districts’ autonomy to fund locally prioritized projects. This is 

despite findings by Bansard and Schröder (2021) and the World Bank (2022) that community-

led resource allocation can be more effective for development. 

5.4.5.2 Promotion of use of cover cropping 

Cover cropping has frequently been used by farmers traditionally to prevent erosion and 

improve soil fertility especially if leguminous crops are used as the cover crop, a traditional 

technique that farmers stopped using during the promotion of mono-cropping system in the 

1980s for farm commercialization in the IMF/World Bank-led Structural Adjustment Program 

(Odutayo, 2015). The programme aim was to cultivate large farms for exportation through the 

promotion of increased use of inorganic fertilizers to boost farm productivity alongside the 

promotion of hybrid seeds in maize and cowpea production. Sub-Saharan Africa countries 

including Ghana have the potential to increase food production by increasing the utilization 

of inorganic fertilizer consumption [which as it stands is 17 kg ha-1 of cropland compared to a 

world average fertilizer consumption of 135kg ha-1 (AGRA, 2018)]. However, the initiative to 

reintroduce cover cropping by experts (extension officers) as an adaptation strategy – with 

advice on the selection of crop type based on the local soil type will reduce soil water loss 

through evaporation, and topsoil loss due to erosion, while improving soil fertility.  



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       174 

5.4.5.3 Educational campaign on the effects of slashing-and-burning 

Interviewees noted that initiatives have been introduced to reduce the practice of slash-and-

burn agriculture, a traditional land preparation method involving vegetation clearance and 

burning, commonly linked to shifting cultivation. Fire remains an important tool in traditional 

land management, especially in rural economies, where it is used for both conservation and 

agricultural purposes (Eriksen, 2007; Archibald, 2016; Beale et al., 2018). In savanna regions 

worldwide, including parts of Kenya, Africa, and Brazil, fire is employed for various cultural 

and economic purposes such as stimulating fresh forage growth, honey tapping, and 

attracting game for hunting (Mistry, 1998; Nyongesa & Vacik, 2018). In Ghana, it is valued for 

reducing labour in land preparation and enhancing soil fertility through ash, which provides 

potash (Nindel, 2017; Amoako et al., 2018). Research by Barnes et al. (2017) showed that 

burning significantly increased levels of exchangeable potassium (52%) and available 

phosphorus (82%) in the surface soil, while heat destroyed weed seeds and pest eggs 

(Amoako & Gambiza, 2020). 

However, these fires often spread uncontrollably, especially during extended dry seasons, 

leading to widespread bushfires. According to the FAO (2020), wildfires and intentionally set 

fires destroy millions of hectares of forest globally each year, 98 million hectares in tropical 

zones alone, amounting to 4% of forest area loss. Ghana is among the countries most 

affected, losing about 75,000 hectares of vegetation annually, equating to roughly 3% of GDP 

(MLFM, 2006; Neequaye, 2023). As the climate continues to warm, with longer dry spells and 

higher temperatures, it becomes critical to enforce fire control regulations and expand public 

education. Horan (2020) notes that human-induced climate change began with practices like 

slash-and-burn agriculture, which continues to exacerbate environmental challenges. 

As highlighted in Section 5.4.5, three nationwide adaptation programs in agriculture reflect 

Ghana’s top-down policymaking approach (Imurana et al., 2014; Owusu, 2016; Appiah-

Agyekum, 2020). These strategies, developed at the national level with minimal local input, 

are often poorly adopted at the community level. For example, the exclusion of the shea tree 

from current initiatives sparked concern among local actors, especially given its long-standing 

role in supporting women’s livelihoods during the off-farming season (Yiridomoh et al., 2021). 

Women have developed extensive skills and traditional knowledge around shea butter 

processing, yet this local expertise was overlooked. Despite recognition of the value of 
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traditional knowledge by some local policy actors, rigid implementation guidelines prevented 

the adaptation of programs to suit community needs. 

Mainstreaming diverse knowledge sources is key to improving community resilience. 

Including the shea tree in adaptation initiatives, for instance, could ensure a reliable supply 

of quality nuts, unlike the current dependence on wild harvests. This would not only 

strengthen local economies but also enhance environmental and social resilience. Ultimately, 

moving away from rigid, top-down models toward inclusive, consultative policymaking could 

help communities better respond to climate risks, such as bushfires through knowledge-

sharing and joint strategy development. 

5.4.6 Climate change governance 

5.4.6.1 Awareness of climate change framework and institution 

As policies are expected to address varying national, regional, or local issues, policymakers are 

expected to be aware of surrounding issues including climate change and its impacts on 

agriculture. This section assesses how abreast the interviewees were with climate change 

policy implementation and institutions at national and sub-national levels.  

5.4.6.1.1 Awareness of climate change policy and content 

The findings revealed that majority (23/26; 87.5 %) of interviewees were aware of the 

existence of Ghana’s climate change policy document while 3/26 (12.5 %) had no knowledge 

of the document. The result also indicated that 17/26 (66.7 %) of the respondents did not 

know about the content of the policy document, while the remaining third (9/26; 33.3 %) 

knew of the issues covered in the document concerning climate change mitigation and 

adaptation measures to be employed (Table 5.3).  

When asked about the document's relevance to their work, 13 out of 26 interviewees (50%) 

acknowledged its importance, reflecting an increase from the 9 out of 26 (33.3%) who were 

familiar with its content. This gap was largely due to responses from District Agriculture 

Department officials, 5 out of 8 who, while not fully familiar with the document’s content, 

still recognized its relevance. As one agricultural officer from the Guinea Savanna zone noted: 

“The climate change mitigation and adaptation measures are not incorporated in the Food 

and Agriculture Sector Development policy document.” 
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Table 5.3: Categories of policy actors and their responses to CC governance awareness from two agro-
ecological zones of northern Ghana 

Categories District Assembly 

member 
Members of 

parliament 

(National)  

District 

agricultural 

officials 

District planning 

officers 
Development 

agencies 

representatives 

(district) 

Awareness of CC policy 

document 
1110110 11111 111111 111 111 

      

Knowledge of aspect of 

content of CC policy 
0000000 00111 00100000 001 111 

      

Relevance of CC policy to 

work/role 
0000000 00111 11111000 110 111 

      

Total interviewee category 

breakdown  
7 5 8 3 3 

Scale:  1– awareness of CC policy governance.  
0 – negative awareness of CC governance. 

 
 

Local government officials, under the Local Government Act of 2016, are responsible for 

implementing agricultural programs, delivering services to stakeholders, setting priorities, 

and executing plans at the district level (LGS, 2018). However, the absence of climate-related 

provisions in FASDEP II (2007), a key guiding document for sub-national agricultural 

department limits the formulation of climate adaptation strategies at the local level. As noted 

by a district agricultural officer; “climate change is not captured in the FASDEP document”, 

this omission leads many officers to believe climate action falls outside their mandate. 

Although the national Medium-Term Development Policy Framework (MTDPF) calls for 

integrating traditional knowledge into climate adaptation strategies, it does not provide clear 

directives for doing so within FASDEP II. This lack of clarity has caused regional and district 

officers to overlook climate actions in their planning. Yeleliere et al. (2023) similarly observed 

the absence of a deliberate government strategy to incorporate Indigenous and Local 

Knowledge (ILK) into local climate adaptation efforts. 
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Atanga et al. (2017) argue that Ghana’s climate policy mainstreaming is largely influenced by 

international commitments, leaving sub-national governments without clear authority or 

resources to integrate traditional knowledge into development planning. Consequently, local 

policymakers often prioritize top-down policies that may not align with local realities or gain 

community support (Mabe et al., 2014). This disconnect contributes to fragmented policy 

implementation, hindering intended outcomes, a problem also highlighted by Imurana et al. 

(2014), who found that public policies in Africa often fail during implementation. Notably, also 

is the 12 out of 26 respondents (47.6%) that could not assess the policy’s relevance due to 

limited familiarity with its content (Figure 5.4). 

 

 

 

 

5.4.6.1.2 Awareness of ministry responsible for formulating climate change policy  

The findings show that most interviewees (15 out of 26; 57.1%) were unaware of the ministry 

responsible for leading climate change activities. Additionally, 4 respondents (14.3%) 

incorrectly identified other ministries, while only 7 (25.6%) correctly named the MESTI. This 

suggests a widespread lack of awareness about climate change policy and leadership at the 

community level. This gap in knowledge was underscored by a female participant in a focus 
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Figure 5.4: Awareness of the content and relevance of the Ghana’s national climate change policy 
document among relevant stakeholders in two agro-ecological zones in northern Ghana 
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group discussion in the Guinea Savanna zone, who remarked, “Climate change, what is it, and 

what do we do about it?” 

5.4.6.1.3 Knowledge of adaptation strategies used by local farmers 

Much literature has shown that smallholder farmers in the developing world, including Ghana, 

are adapting to climate change by using their experiences generated over the years (Serra & 

Mckune, 2016; Belay et al., 2017; Antwi-Agyei et al., 2021; Apraku et al., 2021; Filho et al. 

2023). The sub-section therefore sought to find out if the interviewees are aware of the coping 

or adaptation strategies used by the smallholder farmers in their local areas.  

The findings showed majority (24/26; 92.3 %) of interviewees stated that farmers in their 

constituencies employ both traditional and scientific methods to adapt to climate variabilities 

while 2/26 (7.7 %) indicated the use of traditional methods only. They listed the following 

under the traditional methods: inter-cropping, mixed cropping, mixed farming, use of 

compost and manuring (animal droppings), digging of wells for dry season farming, delay in 

planting dates to coincide with onset of rainfall. Additionally, planting along water bodies for 

irrigation, use of bore holes, crop rotation, shifting cultivation, mulching, cover cropping 

(leguminous) and traditional methods of predicting weather as documented by Tun Oo et al. 

(2017), Marie et al. (2020), Devi et al. (2020) and Antwi-Agyei et al. (2021).  

Among the scientific methods, the following were listed: use of early-maturing varieties, use 

of drought-resistant varieties, use of improved cultivars, use of inorganic fertilizers, use of 

tractors for ploughing, integrated nutrient management, use of agrochemicals (herbicides and 

pesticides), use of irrigation systems (dam or ponds) (Figure 5.5) (Ali et al., 2020), and use of 

minimum tillage techniques (Doku, 2018).  

The findings confirm farmers combine both traditional and scientific strategies in farming as 

noted by respondents. For instance, they stated that farmers normally use previous weather 

experiences to forecast the coming season to plan their farming activities, which they opt to 

change if the scientific forecast convincingly predicts otherwise (although this rarely occurs). 

Through traditional weather prediction, the farmers delay the onset of planting their fields to 

coincide with the rains. Another combination comes from land preparation using animal- or 

tractor-driven plough, which ensures rapid land clearance ready for planting. 
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Figure 5.5: Pinda dam located in Kassena Nankana Municipal in northern Ghana 

 

However, soil improvement activities such as the incorporation of organic matter to enhance 

soil structure and water percolation are mostly traditional. Moreover, adoption of improved 

crop varieties is still cultivated using traditional practices such as mixed cropping, crop 

rotation, and bunding to maintain yields whilst adapting to climate change impacts. For 

example, a respondent reported on hectares of a maize farm that failed under mono-cropping 

due to an inability to purchase inorganic fertilizer for a second application at the flowering 

stage. This situation is less likely to occur in a mixed cropping scenario, especially if it is mixed 

with leguminous crops such as cowpea or soya bean. This is also true for the adoption of 

improved crop varieties for adapting to combat climate variations. For instance, the use of the 

incorrect planting distance will contribute to the farmers’ inability to maximise yields, which 

may lead to maladaptation. The prediction of cereal yield reduction due to climate change 

may further deepen the already poor situation. Therefore, there is a need for farmers, 

scientists, and policymakers to come together to co-produce knowledge that will benefit 

farmers and enhance the resilience of the farming system. This is consistent with Kolawole et 

al. (2014) and Ogallo’s (2010) assertion that forming partnerships among scientists, users 

(multi-disciplinary) and policymakers is important to maximise the use of all available climate 

information, including indigenous weather indicators to coordinate decisions that are relevant 

to local communities.  
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5.4.6.2 Local governance 

Local governments are designed to be independent with deliberative, legislative, and 

executive powers to take decisions on local affairs over their area. Yet, local governments are 

normally thought to be weak in governing their local area, which is attributed to low 

administrative and fiscal capacity; community members therefore prefer national bodies for 

the delivery of services (Fridy & Myers, 2019). For instance, Ghana’s Local Governance Act 

2016 Act 936 Article 181(1) mandated district assemblies to enact by-laws for the resolution 

of any functions vested to the local assemblies by the Local Governance Act or any other 

legislation. Also, Article 8(1) states that departments of the district assemblies are to 

collaborate and cooperate with non-decentralised departments, state-owned enterprises and 

public corporations working in the district to ensure a coordinated approach to development 

and management of the district to avoid duplication of efforts and ensuring a more convenient 

and cost-effective implementation of programmes and projects. 

Furthermore, legislation requires local governments (metropolitan, municipal and district 

assembles) (MMDAs) to collaborate with local institutions such as chiefs, civil society groups, 

and non-governmental organisations operating in the local area in the regulation, supervision, 

promotion, and facilitation leading to the enactment of by-laws in regulation of emerging 

issues. However, this collaboration sometimes makes decision-making difficult especially 

when there is opposition by collaborating institutions, for example parliamentarians or 

traditional authorities. Moreover, community members view parliamentary or traditional 

authorities more favourably since they are acknowledged to hold more promise to deliver 

services as noted above (Fridy & Myers, 2019). 

Sometimes, the failure to leverage entrenched institutions of traditional authority hinders the 

core functioning of the MMDAs due to the self-seeking behaviour that uses their cultural 

influence on community members. For instance, it was found that in certain parts of the 

Guinea savanna zone, persistent drought has led to an increase in migrant Fulani herders in 

the region who use the water in dams and dugouts to water their cattle as stated below by an 

assembly member from the Guinea savanna zone: “The herders’ water their cattle always 

away from where the chief’s farmlands are as if they know not to go there to destroy things…”  
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The situation was reported as challenging to farmers with farmlands around the water sources 

since the herd destroys crops during watering. This was commented by district agricultural 

director and an assembly member: “Fulani Herders are destroying farmlands in the district 

due to watering activities of the herds.”  Thus, some of the farmers around the water sources 

are sleeping out in the farms to prevent destruction by the cattle herds during the night, some 

with guns.  

However, a proposed by-laws to re-locate the herders and their cattle or for herders to bear 

the cost of destruction of farms was rejected by the traditional rulers as explained by an 

assembly member from the Guinea savanna zone as follows: “Chiefs blocked a process by the 

assembly to enact a law to ensure Fulani herders are made to take responsibility of the 

destruction of farmlands nearer to water sources within the district.” 

These rulers could be considered to fall into the category of ‘demons’ described as a small set 

of public officials and individuals who engage in corrupt or rent-seeking activities, who must 

be dealt with for public policy to succeed, according to Aryee (2000). The “Chiefs are favouring 

the Fulani herders because of ‘gifts’ they have received from them and also some of them are 

now tending their cattle for them.” as indicated by an assembly member from the Guinea 

savanna zone.  

Furthermore, by taking caution in their decision-making process, farming lands near water 

bodies are left alone without cultivation to prevent the scenario of incurring losses due to the 

activities of Fulani herders. Thus, it reduces further the land available to farming as stated by 

local policy actors from Guinea savanna zone. 

This was expounded when all FGD participants in Kpanyir flat out rejected the idea of having 

a dam (“dugout’) in the community for irrigation, stating that it will attract the Fulani herders 

into their community with the attendant destruction of their livelihood though they 

acknowledge that the Fulani herders have been with them in the communities for as long as 

they could remember. However, recent climatic events, according to respondents, have tripled 

their numbers and herds of cattle, such that more farming families’ livelihoods and food 

security are threatened. As FGD women group in consensus expressed their concerns as 

follows: “We do not want dugouts in our community to attract Fulani headers (whose numbers 

and herds have tripled) to the community to destroy our livelihood.”  
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5.4.7 Mainstreaming of traditional knowledge into agricultural policy 

Mainstreaming traditional adaptation techniques into development efforts, according to 

Mogelgaard et al. (2018), could improve the resilience of development outcomes while they 

ensure efficient use of resources and prevent funding that can result in unintentional 

maladaptation. Meanwhile, experts are advocating that the incorporation of both scientific 

and traditional knowledge in adaptation of climate change variabilities is the best way to build 

resilience in developing economies. Also, there is a broad perception with strong political 

backing that adaptation is a distinct situational issue ideally handled at the local level 

(Berkhout et al., 2015). This sub-section therefore sought the opinions of policy actors at the 

district level and a few at the national level on the mainstreaming of traditional 

strategies/techniques used by smallholder farmers into agricultural policy and at what level 

mainstreaming should be done. 

5.4.7.1 Mainstreaming traditional knowledge into policy 

The findings showed that farmers’ coping/adapting strategies based on traditional knowledge 

as described above should pave the way for the documentation and integration of best 

practices into policy. This is based on assumptions that farmers have acquired considerable 

knowledge handed down by their ancestors or by years of farming leading to an 

understanding of their environment. Thus, making farmers useful sources of local knowledge 

could be the basis to build on for adaptation measures such as weather information. All the 

interviewees were of the view that the documentation and assimilation of some of this 

knowledge into policy will improve the agricultural systems’ adaptive capacity through 

increased adoption of policy actions by farmers knowing they contributed to the policy 

formulation process. Combining diverse sources of knowledge according to Vogel et al., (2006) 

and Tengö et al. (2014) emerges from interaction in producing hybrid knowledge required to 

tackle complex problems as posed by climate change and extreme weather events. This is 

more so with mainstreaming as social learning process for coproduction of knowledge using 

multiple stakeholders in policy formulation for climate action. For instance, Schipper et al. 

(2022) concluded that drawing upon TK can contribute to the combined challenges of climate 

change, food security, biodiversity conservation and combating desertification and land 

degradation. 
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5.4.7.2 Level at which mainstreaming should be done 

Since effective mainstreaming requires suitable entry points within institutional and sectoral 

frameworks, this subsection explored interviewees’ views on the appropriate level for 

integrating traditional knowledge. The vast majority (25 out of 26; 96.2%) recommended that 

integration begin at the community level and progress incrementally through district 

medium-term development plans to the regional and national levels. They argued that 

starting locally allows for the collection of context-specific practices that can be synthesized 

into relevant policy. This view aligns with Berkhout et al. (2015), who emphasized that 

because climate impacts vary across ecological zones, locally tailored strategies are essential 

for strengthening adaptive capacity. Conversely, one respondent (1 out of 26; 3.8%) believed 

mainstreaming should start at the national level, citing better access to funding. However, 

they also acknowledged that effective mainstreaming would require strong cross-sectoral 

collaboration, with the agricultural sector taking the lead through decentralized institutions. 

5.4.7.3 Barriers to mainstreaming traditional knowledge into policy 

Although mainstreaming is viewed as one approach associated with (implementation) 

success, there still have been programmes such as gender mainstreaming and environmental 

policy integration that are riddled with barriers (Moser & Moser, 2005; Gupta et al., 2019). 

Thus, policymaker interviewees from local and national levels were asked to list foreseen 

barriers to mainstreaming traditional knowledge into the Food and Agricultural Sector 

Development (FASDEP II) policy.  

The majority 22/26 (85 %) of the policy actors stated that they foresaw barriers to the 

implementation of mainstreaming traditional knowledge into FASDEP II. An assembly member 

from the Sudan savanna zone indicated that “Political elite could be hinderance since they 

think uneducated farmers cannot contribute meaningfully to policy.”   

Yet, another assembly member from the Guinea savanna zone stated: “Academicians and 

Agric scientists may not accept information from farmers causing barriers.” in policy plans 

based on the integration of diverse knowledge sources. 4/26 (15%) who did not foresee any 

barriers arising, however, stated that mainstreaming could be done from the community to 

the district level without hindrance since officials needed the information for their planning 

and reporting purposes.  
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However, the list of barriers provided by the majority were categorised under four headings 

adopted from various authors namely, political factors, organisational factors, cognitive 

factors, and resource factors respectively (Uittenbroek et al., 2014; Wamsler & Pauleit, 2016; 

IPCC, 2014; Wamsler, 2014; Uittenbroek, 2016; Biesbroek et al, 2013; Wamsler & Pauleit, 

2016). (Table 5.4).  

All the interviewees mentioned financial constraints, political will, and lack of capacity at the 

decentralised level as potential barriers to mainstreaming activities. All the local policy actors 

indicated that members of parliament could pose as barriers to mainstreaming traditional 

knowledge into policy. Contrary to this view, the members of parliament believed that 

mainstreaming of traditional knowledge is a step in the right direction. Explaining further that 

since it will lead to the development and implementing of tailored measures required to 

improve farming systems’ capacity to withstand climate variations. To reduce negative 

impacts on livelihoods and the local economy (IPCC, 2014) that may translate to sustainable 

economic growth nationwide.  
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Table 5.4: List of foreseen barrier descriptions by interviewees, categories from literature and their implications for mainstreaming traditional knowledge into 
climate change adaptation policy in respect of smallholder farming activities in two agro-ecological zones of northern Ghana 

Barrier categories from 
literature references 

Foreseen barrier described by interviewees Implications on policymaking 

Political factors  

Uittenbroek et al 2014; 

Wamsler and Pauleit 2016 

• Lack of political will in terms of political commitment and interest. 

• Unsupportive attitude of policymakers.  

• Politicising programmes to win political points.  

• Lack of support from central government. 

• Change of government. 

• Ideas of some educated ‘elite’ members of society may hinder the 
promotion or implementation of ideas of farmers/local people. 

Political influences such as support, commitment and interest are 

important in the delivery of interventions, since provision of 

resources (funds, personnel etc.) are decided and approved by 

central government.  

  

Organisational factors  

IPCC 2014; Wamsler 2014; 

Uittenbroek 2016 

• Delays due to bureaucracy. 

• Lack of inter-departmental collaboration such as information sharing, and 

bottlenecks within the system that hinder information sharing.  

• Lack of information flow such ineffective dissemination by extension 

officers.  

• Weak decentralised institutions: everything is ordered from central 

government. 

Inefficient administrative systems mostly arise from a lack of 

collaboration between departments, inadequate flow of required 

information, and duplication of efforts leading to non-achievement 

and/or delays in delivery of goals. Thus, mainstreaming will only be 

effective when all departments work together. 

Cognitive factors 

Biesbroek et al 2013; 

Wamsler and Pauleit 2016 

• Lack of capacity at the local level (for instance, agricultural officers and local 

staff cannot collect appropriate data to implement mainstreaming). 

• Meeting conditions for proposal for funding local climate actions. 

High level capacity in expertise is required for effective 

mainstreaming process, i.e., sensitising communities, data 

collection, action planning with necessary funding.  

Resource factors  

Uittenbroek et al 2014; 
Wamsler and Pauleit 2016 

• Financial constraints since funding at the decentralised level is extremely 

limited and controlled by central government. 

• Provision of adequate logistics, such as fuel for farm visits, seeds for farm 

demonstrations/activities etc. 

With competing goals and activities, mainstreaming traditional 

knowledge into the local plans and adjustment of administration for 

uptake will not be feasible without provision of required resources 

such as personnel, funds, and logistics.  
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Political commitment is widely recognized by researchers as a critical driver for 

mainstreaming traditional knowledge into policy, as it mobilizes the necessary resources to 

ensure long-term sustainability across all levels. However, it also poses a risk, as changes in 

political leadership often lead to the discontinuation of projects initiated by previous 

administrations (Gyebi, 2018). For instance, President Akufo-Addo authorized the revival of a 

micro-hydro power project that had been stalled since 2008 following the electoral loss of his 

party, the New Patriotic Party (NPP) (World Energy, 2020). Given the growing urgency of 

climate change, political commitment must transcend partisan politics to foster inclusive 

collaboration and co-production of knowledge. Only then can adaptation initiatives deliver 

meaningful outcomes for local communities. 

Prompt information flow has been identified as crucial for the farming decision-making 

process, which requires the input from different departments such as agriculture, education, 

and health to collaborate in adaptation to climate variation. Undoubtedly, the success of 

mainstreaming traditional knowledge requires various institutions to collaborate to remove 

bottlenecks to allow information flow and empowerment. Bringing the different institutions 

together to work towards mainstreaming traditional knowledge will build up trust, leading to 

the removal of obstacles from farmers during implementation.  

 

A high level of capacity among development officials is essential for policy implementation to 

be effective. While adaptation cannot fully eliminate the adverse effects of climate change, it 

can reduce them and create opportunities for positive outcomes, particularly when guided 

by technically competent administrations (Füssel & Klein, 2004). Effective climate governance 

at the local level requires both expertise and adequate resources. However, local 

administrations frequently report insufficient funding, with their main source, the District 

Assembly Common Fund (DACF) often delayed and inadequate (Ghana Districts, 2017; 

Owusu–Mensah, 2015). This funding challenge is especially severe in rural districts, which lack 

alternative revenue sources but are home to smallholder farmers and most in need of 

mainstreaming efforts. These districts require financial support to restructure their 

administrative systems for effective adaptation. 
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5.4.8 Climate actions captured in district medium term development plans in the 

study districts. 

The study results revealed that two of the study districts from the Sudan savanna zone 

(Kassena Nankana Municipal and West) have captured climate actions in their development 

plans with Kassena Nankana West training farmers on contour identification and bunding 

(traditional technique for water conservation and control of run-off erosion) (Table 5.5). 

Actions like training on climate smart action and renovation of dams were also captured 

under activities under the agriculture. However, districts from the Guinea savanna zone did 

not have any climate actions in their plans but have adopted plans from other agencies and 

districts to implement. Swala-Kalba-Tuna district, for instance, adopted climate action plans 

from their neighbouring district, Gonja East Municipal, that sought to established cashew 

plantation in improving carbon sinks, in addition to, sensitisation on the causes of climate 

change and its impacts and prevention (Table 5.5). The activities captured indicated that 

community input into the plans were either limited or non-existent. This could be attributed 

to district choice programmes that are being funded by international bodies or central 

government as clearly shown in the action plans (Table 5.5). The only internally generated 

source of funding for training of farmers in traditional techniques (contour identification and 

bunding) was by the Kassena Nankana West district. Thus, to be able to mainstream 

traditional knowledge, local government must overcome the financial hurdle to enable 

funding of identified local techniques to be mainstreamed into policy and plans. But, with 

commitment, as shown by Kassena Nankana West district, mainstreaming traditional 

techniques could be achieved and funded at the local government level. 
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Table 5.5: Description of extracts for climate actions, funding sources and status from district municipal assemblies’ medium term development plan 
documents: 2023 implementing year from 4 districts from two agro-ecological zones in northern Ghana. 

District Captured Climate Action Funding Source Status 
 
 

Bole 

Rehabilitation of dams.   
World Bank 

 
 

On-going 
 

Cashew seedling integrated land in communities. 

Tree planting under Green Ghana– Forestry Commission. Government of Ghana (GoG) 

Sensitisation for covering small-scale mining.  
District assembly Sensitisation of illegal logging of trees for charcoal 

production. 

Swala-Tuna-
Kalba 

Establishment of 10 hector cashew plantation in four 
communities. 

 
 
 
 

World Bank 
 

Two are on-going,  

Two are yet to start 

Sensitisation on the causes of climate change, and its impact 
and prevention.   

Yet to start 

Promotion of alternative livelihoods in five communities (bee 
keeping, cassava/gari processing, soap making and guinea 
fowl rearing). 

 
On-going 

Sensitisation of the dangers of bushfires.  
 

Yet to start 
 

Build capacity of staff of National Disaster Management 
Organisation on disaster management and prevention. 

Sensitise the public on the benefits of afforestation. 

Kassena 
Nankana 
Municipal 

Construction of climate resilient and gender friendly-
childcare center. 

World Bank 
 

 
New 

 Train 20-selected FBOs on climate smart agriculture. Canadian Embassy 

 
Kassena 
Nankana 

West 

Train six farmers climate smart agriculture in 3 zones.  GoG, Others  
On-going Train 500 farmers on contour identification and bunding. Internally generated funds and 

others 

Rehabilitate five dams. GoG 

 



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       189 

5.5 Conclusions  

Ghana’s climate change adaptation policy framework advocates for the use of the 

combination of the horizontal and vertical integration of objectives, goals and aims in planning 

for climate change adaptation (NAPF 2018). Vertical integration enables the deliberate linking 

of national, regional, and local level processes of adaptation framing, monitoring, and 

assessment (Dazé & Echeverría, 2016). Horizontal integration allows for climate change 

adaptation across ministries, departments, and agencies to incorporate climate change 

adaptation into sector development programmes. These paths provide two options for 

mainstreaming traditional knowledge in food and agricultural sector policies using either 

vertical or horizontal approaches, since, according to mainstreaming proponents, the success 

of integration is always achieved through an entry point in the policy process. This study shows 

that to reduce the many barriers that riddle the mainstreaming processes, the incorporation 

of traditional knowledge into the food and agriculture sector development policy should be 

initiated through the district level agriculture plans.  

The study has shown that local policymakers are aware of climate issues and their impacts on 

the local environment and with community participation in the district planning process, 

could work towards local policies that will reflect the needs of the people. This will ensure 

adoption of adaptation measures captured in the local policy since studies have shown that, 

the introduction of foreign adaptation measures without recourse to local realities, knowhow 

and culture hardly make any meaningful impact due to rejection by community members 

(Seddon et al., 2020). Although effort to adapt to climate change as captured in the REDD + 

actions require the full involvement of relevant local stakeholders in both formulation and 

implementation of climate change mitigation and adaptation strategies at all levels (Bradley 

& Fortuna, 2021). However, this is not reflected in the policy discourse at the local level due 

to central government's flagship programmes that are announced in the districts from top – 

up with funding conditions. Mostly at the expense of the provision of adequate funding for 

tailoring of locally developed programmes for climate change adaptation. This shows major 

development programmes are decided at the national level with little or no input from the 

local level, including climate change governance.  
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Furthermore, the study has shown that the crop sector is most impacted by climate variability 

due to its prevalent subsistence nature of production. However, for subsistence farming to 

effectively cope with or adapt to climate variability and its impacts, it is essential to ensure 

easy access to suitable science-based technologies in conjunction with traditional practices. 

The awareness of the policymakers to this fact will lead to the development of policies that 

are relevant to the local communities since such an awareness could be inferred as a form of 

TK knowledge acquired by observing their environment. But this is yet to influence local 

policies and plans to integrate TK the study has shown. since the government has no definite 

plans, programme and regulations aimed at traditional knowledge in local climate adaptation 

(Yeleliere et al, 2023). Local policy actors are not motivated to integrate TK into local strategies 

of sectors such as agriculture seen to be extremely sensitive to climate impacts.  

Also, the study has shown that education on climate change at the local level and its impacts 

on livelihoods is non-existent, with the institutions responsible for it lacking the requisite 

capacity to facilitate the process. The policymakers, on the realisation of the potential 

enormity of the impact of climate change, asserted the need for collaboration in policymaking 

to build the adaptive capacity of local systems to enhance their resilience. They agreed 

unanimously that mainstreaming smallholder farmer techniques based on traditional 

knowledge alongside scientific techniques can enhance the resilience of farming systems, 

while the process would be best integrated from the ‘bottom – up.’  

 

A shorter version of Chapter 5 has been published in W. Leal Filho (ed) Handbook of Nature-

Based Solutions in Mitigation and Adaptation to Climate Change. 
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Chapter 6 

General Conclusions and Recommendations 

  

6.1 Introduction  

Farmers have historically adapted to natural climate variability, adjusting their practices to 

gradual environmental shifts over time. However, human-induced climate change and global 

warming have intensified temperature fluctuations and altered rainfall patterns, disrupting 

land and water regimes that are critical for agricultural productivity, particularly in rain-fed 

farming systems. These changes increasingly undermine traditional farming technologies, as 

climate impacts vary across ecological zones. Addressing these challenges requires a 

collaborative approach, integrating both scientific advancements and traditional knowledge 

to develop locally tailored adaptation strategies and enhance the resilience of farming and 

food systems within local economies. 

6.2 Recapping of the research aims 

The research sought to identify and compile the traditional knowledge used by crop farmers 

in adapting to climate variations, its influence on farming activities, and how it is used in 

relation to‘ scientific ’methods. By answering questions about farmers' awareness of climate 

variations and impacts on agro-ecological zone, coping and adaptation mechanisms used in 

farming activities and exploring plans for integration of traditional methods into policy. Also, 

the potential barriers to mainstreaming TK into policy and how to overcome them in a mixed 

method approach in two agro-ecological zones in northern Ghana.  To pursue this, the 

literature review distilled a set of concepts that could aid the answering of the questions. 

These concepts are perception of smallholder farmers (Leiserowitz, 2005; Munhall, 2008), 

traditional knowledge (Pareek & Trivedi, 2011; Berkes, 2012) and mainstreaming (IPCC, 2007; 

Lebel et al., 2012). Underpinning these concepts were the questions of farmers’ awareness of 

climate change and impacts on farming activities based on their perception, what influence 

farmers’ perception and decisions on farming practices. How farmers are coping or adapting 

to changing weather using TK alongside scientific knowledge for resilience of farming systems 

for livelihood sustainability.  
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The study was organised around five objectives: (i) determine the farmer-level information on 

the degree of observed and perceived climate changes and extreme climate variations. (ii) 

identify manifested climate impacts on farming practices in two selected agro-ecological 

zones. (iii) the various adaptation strategies used by farmers. (iv) outline the traditional 

knowledge used and how it augment the use of scientific methods in adaptation to climate 

variabilities and (v) explore how traditional knowledge could best be mainstreamed into 

policy. These were presented as chapters with result findings discussed in context of resilience 

building of smallholder farming system and livelihood and local economy for sustainability in 

the wake of climate change and extreme events.  

6.3 General Findings and Conclusions  

Main findings of the study under chapters derived from objectives. 

Chapter III. Smallholder farmers perceived or observed changing climate and its impacts 

The findings revealed that smallholder perceptions on the changing weather and impacts on 

their local ecology based on their experienced in interacting with their environment is aligned 

with empirical data from literature (MESTI, 2015). Farmers perceived climate change and 

subsequent actions are influenced by complex socio-cultural processes that determine the 

assessment of inherent risks and path to adaptation (IPCC, 2014).  

The findings revealed differing responses from farmers in the two agro-ecological zones 

regarding weather patterns such as drought duration, rainfall timing and intensity, declining 

soil moisture, and temperature changes. This aligns with existing literature, which emphasizes 

that climate impacts vary across ecological zones and therefore require localized planning 

(IPCC, 2021).  

The results highlight the need for accessible, tailored climate information and technologies 

to support farmers in planning for adaptation. Farmers were found to rely on both traditional 

and scientific sources to guide farming decisions, for example, using daily weather forecasts 

alongside local indicators. However, most forecasts accessed through radio or television are 

generic and not tailored to local farming needs. Meanwhile, previous studies suggest that 

when climate information is presented in user-friendly language and supported by relevant 

agricultural technologies, it can significantly improve productivity and guide farmers' 

adaptation choices (Yaseen et al., 2016; Baffour-Ata et al., 2022). Despite this, many farmers 
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remain unsupported, with minimal education on climate change impacts and limited 

interaction with agricultural extension services. 

The finding revealed farmers have observed localized impacts of climate change including 

increasing temperature, irregular rainfall patterns (amount and distributions). These have 

resulted in decrease in crop yields, increased incidence of diseases and pests’ infestation 

threatening smallholder farming livelihood and local economy in general. The situation is 

gradually leading to deepening food insecurity and poverty for local communities as captured 

in IPCC 2014 regional report on impact on agricultural livelihood in Africa.  

 

There is the need for meteorologists, extension agents, and farmers to design weather and 

agricultural information and advisories that are suitable for smallholder farmers to improve 

their uptake and utilisation. Since the effectiveness of agricultural extension agents is central 

to an agricultural extension system's quality, it is necessary to enhance the agents' capacity to 

provide appropriate services.   

 

The chapter findings add up to scholarship on smallholder farmers' perception of climate 

change impacts and influence on farming decisions, including access to timely and accurate 

weather information, traditionally or scientifically.  

Chapter IV.  Traditional knowledge and climate change adaptation by smallholder farmers in 

two agro-ecological zones in northern Ghana: 

Findings revealed that traditional knowledge is gradually losing its appeal within the study 

zones, mainly due to limited awareness of the full benefits of certain locally practiced 

techniques and the rapid rate of wiping-out practices based on nature making them less 

effective for adaptation to climate change. Even so, traditional knowledge has been widely 

recognised for its important role in climate change adaptation, resource governance, 

conservation, and biodiversity conservation and sustainable ecosystem use (IPCC, 2021). In 

addition to its potential contribution to the achievement of SDGs.  

 

Findings revealed that smallholder farmers have been combining their traditional knowhow 

with scientific based technology in adapting to climate impact. Strategies such as changing 
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crops type due to the decrease in crop yields are used to adapt to the changing climate for 

sustainability of livelihood. As projected in literature (IPCC, 2021) some crops can perform well 

under warmer temperatures, decreased rainfall, and changing rainfall patterns. Local research 

should be carried out on the effects of climate on the yields of traditional crops such as 

sorghum, millet, and rice to ensure that farmer's decision to switch crop types is based on 

accurate information to curb the case of maladaptation.  

Findings revealed abandoning of traditional techniques for soil water conservation due to 

their tedious construction by farmers. Also, the change in mode of preparation of land using 

driven implement is not compatible with the construction of the techniques such as raised 

bed and mounds as noted by Kansanga et al., (2018). Thus, without access to sustainable 

irrigation facilities, an appropriate technology for adoption yield losses due to water stresses 

will increase resulting in further food insecurities, putting Ghana’s aim of reaching SDG 1 and 

2 (No Poverty and Zero Hunger) off course.   

The findings show a difference in traditional land ownership between male and female 

farmers in the study zones, with females owning less land than their male counterparts. This 

situation impacts on local food security as female farmers typically produce for family 

consumption while males are mostly interested in commercial crops. Thus, to improve food 

security in Ghana, policy directions that ensure that both male and female farmers have 

access to fertile farmlands must be pursued.  

There is a threat of extinction of local germplasm. Farmers are introducing new crops due to 

the mechanised land preparation practices that are incompatible with traditional mound-

making for traditional crops, such as millet and guinea corn cultivation, and the unavailability 

of early-maturing varieties for delayed onset and shortened rainfall patterns.  

The new knowledge revealed a gradual loss of appeal of traditional knowledge in the study 

communities due to climate impact leading to the dwindling of use of traditionally based 

strategies. This adds to information to the discourse of scholarship on the role of traditional 

knowledge in climate change adaptation. The implication of this knowledge on policy is for 

policy actions to be more locally focused due to climate specific impact on ecologies 
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differently using traditional knowledge as basis to promote and teach various climate change 

adaptation strategies. 

Chapter V: Exploring Mainstreaming Traditional Knowledge into Climate Change Adaptation 

Actions 

Smallholder farmers perceived that the rapid changes in temperature and rainfall patterns 

over the recent decades are due to a changing climate, and these changes have impacted 

mostly negatively on their farming system. Adaptation efforts include changing the start of 

the planting date for the farming season, different land preparation methods, and choosing 

crops to cultivate within a farming season based on their experiences and traditional 

knowledge.   

Although farmers adopt traditional techniques to adapt to the changing climate, the study 

concludes that more needs to be done by combining them with modern technologies for 

adaptation, which will enhance the resilience of the farming systems and the sustainability of 

livelihoods of farmers.  

With climate impacts varying from one agro-ecological zone to another, tailored adaptation 

strategies must be encouraged through co-production of knowledge with collaboration from 

stakeholders with intended social learning (Trisos et al., 2022). This framework for 

mainstreaming policy actions could ensure resilience in farming systems, local ecosystems, 

and the livelihoods of smallholder families. The integration of traditional knowledge into 

policy must start from the local level through the sub-national to national levels, to ensure 

that policies meet the felt needs of local farmers for easy adoption.  

There is a need to enhance local institutions' capacity at the sub-national level to ensure 

proper delivery of mandates and services to local communities. For instance, district 

assemblies need adequate funding for climate change education, while strengthening the 

climate change support delivery systems for effectiveness.  

6.4 Recommendations   

Based on the findings, the study recommends the following:  
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Research on how to enhance smallholder farmers ’capacity to manage the farming activities 

as a business to account for all the additional costs incurred in production due to climate 

change adaptation instead of seeing farming as a livelihood that is less concerned with 

necessary accounting measures.   

There is the need for further studies on how to tailor weather information to suit the needs 

of farmers instead of the regular weather forecast on temperature and rainfall and form the 

necessary synergies (between farmers, agriculture officers and meteorologists) at the district 

level to produce information that will benefit the local community to adopt strategies for 

climate change adaptation.   

Further research into whether gender influences the choice of adaptation based on 

traditional knowledge due to disparities found between male and female farmers' access to 

land and production for family consumption or commercial purposes. This can be used in 

policy formulation that caters to gender specific needs.  

The study also recommends that further exploration of traditional technologies/techniques 

using ethnographic methods will give greater insight into them than questionnaires and 

interviews. This could further lead to re-engineering and re-introduction of useful traditional 

technologies that have been abandoned by smallholder farmers due to their tedious nature 

while using modern technology in their construction.   

The study recommends that more research into traditional water conservation methods 

should be undertaken without adequate irrigation facilities to reduce water stresses during 

crop productions. For instance, the traditional engineering technique of bunding is being 

underutilised, only in rice production in the Sudan savanna zone, while it has been used for 

the regeneration of desert lands in Tanzania.  

Also, further analysis of community perceptions, attitudes, and experiences can help increase 

understanding of how science-based measures are understood to contribute to adaptive 

capacity by making science-based information transmission more successful in the context of 

a specific community (Grunblatt & Alessa, 2017).  

Finally, they study recommend further research on how local policy actors could create 

avenues for co-production of knowledge through collaborative partnerships between 
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research, agricultural extension services, local authority, and communities through social 

learning to better inform adaptation local policies and actions. 

  



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       198 

7.0 References 

Abebe, S., Verdier-Chouchane, A., & Amadou, B. (2018) ‘Introduction: Understanding the challenges 

of the agricultural sector in Sub-Saharan Africa.’ Monogr.: Appl. Econ., 302432. 

https://doi.org/10.22004/ag.econ.302432 

Abdollahzadeh, G., Kalantari, K., Sharifzadeh, A. & Sehat, A. (2012) ‘Farmland fragmentation and 

consolidation issues in Iran; an investigation from landholder's viewpoint.’  J. Agric. Sci. 

Tech., 14(7), pp.1441-1452. http://jast.modares.ac.ir/article-23-11799-en.html. 

Abu, R., Reed, M.G. & Jardine, T.D. (2019) ‘Using two-eyed seeing to bridge Western science and 

Indigenous knowledge systems and understand long-term change in the Saskatchewan River 

Delta, Canada.’ Int. J. Water Resour. Dev., 36(5), pp.757–776.  

Acheampong, D., Balana, B.B., Nimoh, F. & Abaidoo, R.C. (2018) ‘Assessing the effectiveness and 

impact of agricultural water management interventions: The case of small reservoirs in 

northern Ghana.’ Agric. Water Manag., 209, pp.163-170. 

https://doi.org/10.1016/j.agwat.2018.07.009 

Acheampong, E., Ozor, N. & Owusu, E. (2014) ‘Vulnerability assessment of northern Ghana to 

climate variability.’ Clim. Change, 126(1-2), pp.31-44. https://doi.org/10.1007/s10584-014-

1195-z. 

Acheampong, M. (2020) ‘The disconnect between Ghanaian parliamentarians and their 

constituencies.’ [Accessed 08/09/2022].  

Acquah, H.D. (2011) ‘Farmers’ perception and adaptation to climate change effects: A willingness to 

pay analysis.’ J. Sustain. Dev. Africa, 13(5), pp.50-161.  

Adamsone-Fiskovica, A., Grivins, M., Burton, R.J., Elzen, B., Flanigan, S., Frick, R. & Hardy, C. (2021) 

‘Disentangling critical success factors and principles of on-farm agricultural demonstration 

events.’ J.  Agric. Educ. Ext., 27(5), pp.639-656. 

https://doi.org/10.1080/1389224X.2020.1844768 

Addaney, M., Osei Asibey, M. & Cobbinah, P.B. (2021) ‘Climate change in rural Ghana: Perceptions 

and adaptive responses.’ Local Environ., 26(12) pp.1461-1479. 

https://doi.org/10.1080/13549839.2021.1978411 

Adejo, P.E., Okwu, J.O. & Saliu, O.J. (2016) ‘Assessment of postharvest information needs of maize 

farmers in Kogi state, Nigeria.’ J. Agric. Food Inf., 17(4), pp.1–14. 

https://doi.org/10.1080/10496505.2016.1221766 

Adelle, C & Russel, D. (2013) ‘Climate policy integration: a case of déjà vu?’ Environ. Policy Gov., 

23(1), pp.1–12. https://doi.org/10.1002/eet.1601 

Adeniyi, I.A. & Subair, R.E. (2013) ‘Accessing indigenous knowledge resources in libraries and the  

problems encountered by Librarians managing indigenous knowledge in Oyo State.’ 

Nigeria. Libr. Philos. Pract., 288. 

Adger, W.N. (2000) ‘Social and ecological resilience: are they related?’ Prog. Hum. Geogr., 24(3), 

pp.347–364. https://doi.org/10.1191/030913200701540465 

Adger, W.N. (2006) ‘Vulnerability.’ Glob. Environ. Change, 16, pp.268 –281   

http://dx.doi.org/10.1007/s10584-014-1195-z
http://dx.doi.org/10.1007/s10584-014-1195-z


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       199 

Adjei-Nsiah, S. & Kermah, M. (2012) ‘Climate change and shift in cropping system: From cocoa to 

maize-based cropping system in Wenchi area of Ghana.’ Br. J. Environ. Clim. Change, 2(2), 

pp.137-152. https://doi.org/10.9734/BJECC/2012/1220 

Adomako, M. (2019) ‘Addressing the causes and consequences of the farmer-herder conflict in 

Ghana.’ Kofi Annan International Peacekeeping Training Centre (KAIPTC), Ghana. [Assessed 

27/10/2023].  

Agbarevo, A. (2013) ‘Farmers perceptions of effectiveness of agricultural extension delivery in Cross 

River state, Nigeria.’ IOSR -JAVS., 2(6), pp. 1-7. 

AGRA (2014) ‘Africa agriculture status report: Climate change and smallholder agriculture in sub-

Saharan Africa.’ Alliance for a Green Revolution in Africa, Nairobi, Kenya. (AGRA). 

AGRA. (2018) ‘Africa agriculture status report: Catalyzing government capacity to drive agricultural 

transformation (Issue 6) Nairobi, Kenya: Alliance for Green Revolution in Africa. [Accessed 

08/08/2022]. 

Agyekum, T.P., Antwi-Agyei P. & Dougill A.J. (2022) ‘The contribution of weather forecast 

information to agriculture, water, and energy sectors in East and West Africa: A systematic 

review.’ Front. Environ. Sci., 29(10), pp.1-14.  https://doi.org/10.3389/fenvs.2022.935696  

Agyo, Z.B. & Oman, H. (2018) ‘Assessment of constraints to climate change adaptation strategies  

among rice farmers in Taraba State, Nigeria.’ J. Agric. Environ., 14(2), pp.97-99. 

Ahmed, H. & Anang, B.T. (2019) ‘Impact of improved variety adoption on farm income in Tolon  

district of Ghana.’ Agric. Soc. Econ. J., 19(2), pp. 105-115. 

https://doi.org/10.21776/ub.agrise.2019.019.2.5 

Aikenhead, G. S. (2006) ‘Towards decolonizing the pan-Canadian science framework.’ Can. J. Sci.  

Math. Technol. Edu., 6(4), 387–399.https://doi.org/10.1080/14926150609556712  

Aikenhead, G.S. & Ogawa, M. (2007) ‘Indigenous knowledge and science revisited.’ Cult. Stud. Sci.  

Edu., 2, pp. 539-620. 

Akpotosu, B.W., Annor-Frempong, F. & Bosompem, M. (2017) ‘Determinants of agricultural 

extension agents' internet competencies in Eastern Region of Ghana.’ Int. J. Res. 

Stud. Comput., 6(1), pp.1-7. https://doi.org/0.5861/ijrsc.2017.1758 

Al-Bouwarthan, M., Quinn, M.M., Kriebel, D. & Wegman, D.H. (2019) ‘Assessment of heat stress 

exposure among construction workers in the hot desert climate of Saudi Arabia.’ Ann. Work 

Expo. Health, 63(5), pp.505-520. https://doi.org/10.1093/annweh/wxz033   

Alexander, C., Bynum, N., Johnson, E., King, U., Mustonen, T., Neofotis, P., Oettlé, N., Rosenzweig,  

C., Sakakibara, C., Shadrin, V., Vicarelli, M., Waterhouse, J. & Weeks, B. (2011) ‘Linking 

indigenous and scientific knowledge of climate change.’ BioScience, 61(6), pp. 477–484.  

https://doi.org/10.1525/bio.2011.61.6.10 

Alexander, D.E. (2013) ‘Resilience and disaster risk reduction: An etymological journey.’ Nat.  

Hazards Earth Syst. Sci., 13(11), pp. 2707–2716. https://doi.org/10.5194/nhess-13-2707-

2013 

Alexander, S.M., Provencher, J.F., Henri, D.A., Nanayakkara, L., Taylor, J.J., Berberi, A., Lloren, J.I., 

Johnson, 

https://doi.org/10.5194/nhess-13-2707-
https://doi.org/10.5194/nhess-13-2707-


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       200 

J.T., Ballard, M. & Cooke, S.J. (2021) ‘Bridging Indigenous and Western sciences in 

freshwater research, monitoring, and management in Canada.’ Ecol. Solut. Evid., 2(3), 

p.e12085. https://doi.org/10.1002/2688-8319.12085 

Ali, S., Ying, L., Nazir, A., Abdullah Ishaq, M., Shah, T., Ye, X., Ilyas, A. & Tariq, A. (2020) ‘Rural 

farmers perception and coping strategies towards climate change and their determinants: 

Evidence from Khyber Pakhtunkhwa province, Pakistan.’ J. Clean. Prod., pp. 291(12).  

https://doi.org/10.1016/j.jclepro.2020.125250 

Altieri, M.A. (1995) Agroecology: the science of sustainable agriculture. 2nd Edition. London: IT  

Publications. https://doi.org/10.1201/9780429495465 

Altieri, M.A., Nicholls, C.I., Henao, A. & Lana, M.A. (2015) ‘Agroecology and the design of climate 

change resilient farming systems.’ Agron. Sustain. Dev., 35(3), pp. 

869890. https://doi.org/10.1007/s13593-015-0285-2 

Amoako, E.E., Misana, S., Kranjac-Berisavljevic, G., Zizinga, A. & Ballu, D.A. (2018) ‘Effect of the 

seasonal burning on tree species in the Guinea savanna woodland, Ghana: Implications for 

climate change mitigation.’ Appl. Ecol. Environ. Res., 16, pp. 1935–1949. 

https://doi.org/10.15666/aeer/1602_19351949 

Amoako, E.E. & Gambiza, J. (2020) ‘Traditional practices, knowledge and perceptions of fire use in a 

West African savanna parkland.’ bioRxiv preprint. 

https://doi.org/10.1101/2020.09.24.311209 

Amegnaglo, C. J., Anaman, K. A., Mensah-Bonsu, A., Onumah, E. E. & Amoussouga Gero, F. (2017) 

‘Contingent valuation study of the benefits of seasonal climate forecasts for maize farmers 

in the Republic of Benin, West Africa.’ Clim. Serv., 6(C), pp.1–11. 

https://doi.org/10.1016/j.cliser.2017.06.007   

Ameru, J.N., Odero, D. & Kwake, A. (2018) ‘Towards improving agricultural marketing information 

systems for smallholder farmers: A Tharaka Nithi case.’ J. Agric. Sustainability, 11(2), pp.99-

128.  

Amisah, S., Gyampoh, A.B., Sarfo-Mensah, P. & Quagrainie, K.K. (2009) ‘Livelihood trends in 

response to climate change in forest fringe communities of the Offin Basin in Ghana.’ J. 

Appl. Sci. Environ. Manag., 13(2). https://doi.org/10.4314/jasem.v13i2.55294 

Anabaraonye, B., Okafor, J.C. & Hope, J. (2020) ‘Educating farmers in rural areas on climate change 

adaptation for sustainability in Nigeria.’ In: Leal Filho, W. (eds) Handbook of climate change 

resilience. Springer, Cham. pp. 2771–2789. https://doi.org/10.1007/978-3-319-93336-8_184 

Anadozie, C., Fonkam, M., Cleron, J.P. & Kah, M.M. (2021) ‘The impact of mobile phone use on 

farmers’ livelihoods in post-insurgency northeast Nigeria.’ Inf. Dev., 37(1), pp.6–20. 

https://doi.org/10.1177/0266666919886904  

Andrew, S. & Halcomb, E.J. (2006) ‘Mixed methods research is an effective method of enquiry for 

working with families and communities.’ Adv. Contemp. Nurs., 23, 145-153. 

Andrew, S., Salamonson, Y. & Halcomb, E. J. (2008) ‘Integrating mixed methods data analysis using 

NVivo: An example examining attrition and persistence of nursing students.’ Int. J. Mult. Res. 

Approaches, 2, pp. 36-43. 

https://doi.org/10.4314/jasem.v13i2.55294


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       201 

Anang, B.T., Amesimeku, J. & Fearon, J. (2021) ‘Drivers of adoption of crop protection and soil 

fertility management practices among smallholder soybean farmers in Tolon district of 

Ghana.’ Heliyon, 7(5), pp.1-7. https://doi.org/10.1016/j.heliyon.2021.e06900  

Anang, B.T., Bäckman, S. & Sipiläinen, T. (2020) ‘Adoption and income effects of agricultural 

extension in northern Ghana.’ Sci. Afri., 7, pp. 12-19. 

https://doi.org/10.1016/j.sciaf.2019.e00219  

Angello, C. (2015) ‘Exploring the use of ICTs in learning and disseminating livestock husbandry 

knowledge to urban and peri-urban communities in Tanzania.’ Int. J. Edu. Dev. ICT., 11(2), 

pp.5–22.  

Angello, C. (2017) ‘Role of ICTS in accessing and disseminating information for improved urban 

livestock keeping in Tanzania: a review of related literature.’ Libr. Philoso. Pract., 17(1), 

pp.1-39.  

Aniah, P., Millar, K.K. & Ayembilla, J.A. (2019) ‘Smallholder farmers livelihood adaptation to climate 

variability and ecological changes in the savanna agro ecological zone of Ghana.’ Heliyon, 

5(4), pp.1-26. https://doi.org/10.1016/j.heliyon.2019.e01492  

Ansah, G.O. & Siaw, L.P. (2017) ‘Indigenous knowledge: sources, potency and practices to climate 

adaptation in the Small-scale farming sector.’ J. Earth Sci. Clim. Change, 8(12), pp.1-9. 

https://doi.org/10.4172/2157-7617.1000431 

Antwi, B.O., Dedzoe, C.D. & Boateng, J.K. (2005) ‘Indigenous soil conservation methods: Fulo and 

Bekpong catchments of upper east region, Ghana.’ Ghana J. Agric. Sci., 38(2), pp.111-121. 

https://doi.org/10.4314/gjas.v38i2.2107 

Antwi, K. & Antwi-Agyei, P. (2023) ‘Intra-gendered perceptions and adoption of climate-smart 

agriculture: Evidence from smallholder farmers in the upper east region of Ghana.’ Environ. 

Chall., 12, pp.1-11. https://doi.org/10.1016/j.envc.2023.100736 

Antwi, S.H., Mohammed, A.S. & Oppon, D. (2018) ‘Evaluating rural farmers knowledge, perception, 

and adaptation strategies on climate change in Ghana: A case study of the Wa West District, 

Ghana.’ J. Environ. Earth Sci., 8(10), pp.86-95.  

Antwi-Agyei, P., Dougill, A. J.& Abaidoo, R. C. (2021) ‘Opportunities and barriers for using climate 

information for building resilient agricultural systems in Sudan savannah agro-ecological 

zone of north-eastern Ghana.’ Clim. Serv., 22(2), pp.100226. 

https://doi.org/10.1016/j.cliser.2021.100226 

Antwi-Agyei, P., Kpenekuu, F., Hogarh, J. N., Obiri-Danso, K., Abaidoo, R.C., Jeppesen, E. & 

Andersen, M.N. (2019) ‘Land use and land cover changes in the Owabi reservoir catchment, 

Ghana: Implications for livelihoods and management.’ Geosci., 9(7), pp. 286. 

https://doi.org/10.3390/geosciences9070286 

Antwi-Agyei, P., Wiafe, E.A., Amanor, K., Baffour-Ata, F. & Codjoe, S.N.A. (2021) ‘Determinants of 

choice of climate change adaptation practices by smallholder pineapple farmers in the semi-

deciduous forest zone of Ghana.’ Environ. Sustain. Indic., 12, pp.100-140. 

https://doi.org/10.1016/j.indic.2021.100140 

Apanga, S., Addebah, G.T. & Chirawurah, D. (2017) ‘Listening to the voices of the people: 

Community’s assessment of disaster responder agency performance during disaster 

https://doi.org/10.4172/2157-7617.1000431


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       202 

situations in rural northern Ghana.’ PLoS Curr., 1. 

https://doi.org/10.1371/currents.dis.4226abe816b2746df13d16ea307b5846 

Apanga, P.A., Kumbeni, M.T., Ayamga, E.A., Ulanja, M.B. & Akparibo, R. (2020) ‘Prevalence and 

factors associated with modern contraceptive use among women of reproductive age in 20 

African countries: a large population-based study.’ BMJ Open, 10(9), pp. 

e041103.https://doi.org/10.1136/bmjopen-2020-041103 

Appiah-Agyekum, N.N. (2020) ‘Primary healthcare implementation in practice: evidence from 

primary healthcare managers in Ghana.’ Afr. J. Prim. Health Care Fam. Med., Vol. 12, pp. 1-

7. https://doi.org/10.4102/phcfm.v12i1.2183 

Apraku, A., Morton, J.F. & Apraku-Gyampoh, B. (2021) ‘Climate change and small-scale agriculture 

in Africa: Does indigenous knowledge matter? Insights from Kenya and South Africa.’ Sci. 

Afr., 12, pp.1-13. https://doi.org/10.1016/j.sciaf.2021.e00821 

Arce, A. & Long, N. (1992) ‘The dynamics of knowledge-interfaces between bureaucrats and 

peasants.’ Battlefields of knowledge: The interlocking of theory and practice in social 

research and development Routledge, London. 

Archibald, S. (2016) ‘Managing the human component of fire regimes: lessons from Africa.’ Philos. 

Trans. R. Soc. Biol. Sci., 371(1696), pp. 20150-20346. 

https://doi.org/10.1098/rstb.2015.0346 

Armah, R.N.A., Al-Hassan, R.M., Kuwornu, J.K.M. & Osei-Owusu, Y. (2013) ‘What influences farmers’ 

choice of indigenous adaptation strategies for agrobiodiversity loss in northern Ghana?’ 

BJAST, 3(4), pp.1162-1176. https://doi.org/10.9734/BJAST/2014/3807 

Armitage, D., Berkes, F., Dale, A., Kocho-Schellenberg, E. & Patton, E. (2011) ‘Co-management and 

the coproduction of knowledge: Learning to adapt in Canada's Arctic.’ Glob. Environ. 

Change, 21(3), pp.995-1004. https://doi.org/10.1016/j.gloenvcha.2011.04.006 

Arriola, L.R. (2009) ‘Patronage and political stability in Africa.’ Comp. Political Stud., 42(10), 

pp.1339–1362. https://doi.org/10.1177/0010414009332126 

Aryee, J.R.A. (2000) ‘Saints, wizards, demons, and systems: explaining the success or failure of 

public policies and programmes.’ Ghana Universities Press, Accra. 

Asante, E.A (2012) ‘The case of Ghana’s President’s special initiative on oil palm (PSI-Oil Palm).’ 

Danish Institute for International Studies (DIIS) Working Paper, 11-2012. Denmark. 

[Accessed 28/05/2023].  

Asante, F.A. & Amuakwa–Mensah, F. (2015) ‘Climate change and variability in Ghana: Stocktaking.’ 

Climate 3(1), pp.78-99. https://doi.org/10.3390/cli3010078 

Aspinall, E. & Berenschot, W. (2019) ‘Democracy for sale: elections, clientelism, and the state in 

Indonesia.’ Cornell University Press, Ithaca. https://doi.org/10.7591/9781501732997 

Atanga, R.A., Inkoom, D.K.B. & Derbile, E.K. (2017) ‘Mainstreaming climate change adaptation into 

development planning in Ghana.’ Ghana J. Dev. Stud., 14(2), pp.209–230.  

Auliagisni, W. et al. (2022) ‘Flood risk management in New Zealand: A case study of the Northland 

urban community.’ IOP Conf. Ser. Earth Environ. Sci., 1101(2), pp.022035. 

https://doi.org/10.1088/1755-1315/1101/2/022035 

http://dx.doi.org/10.9734/BJAST/2014/3807
https://doi.org/10.1016/j.gloenvcha.2011.04.006


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       203 

Awuku-Manteaw, S. (2022) ‘Small-scale farmers’ information needs and obstacles: Evidence from 

the Volta Region, Ghana.’ FJARD, 36(2), pp.175-192. 

https://doi.org/10.21608/FJARD.2022.257510 

Ayal, D.Y., Desta, S. & Gebru, G. et al. (2015) ‘Opportunities and challenges of indigenous biotic 

weather forecasting among the Borena herders of southern Ethiopia.’ SpringerPlus, 4, pp. 

617 https://doi.org/10.1186/s40064-015-1416-6 

Ayal, D.Y. & Leal Filho, W. (2017) ‘Farmers’ perceptions of climate variability and its adverse 

impacts on crop and livestock production in Ethiopia.’ J. Arid Environ., 140, pp.20–28. 

https://doi.org/10.1016/j.jaridenv.2017.01.007 

Ayeri, O.S., Christian, V.R., Josef, E. & Michael, H. (2012) ‘Local perceptions and responses to 

climate change and variability: The case of Laikipia District, Kenya.’ Sustainability, 4(12), 

pp.3302–3325.https://doi.org/10.3390/su4123302 

Ayers, J., Huq, S., Wright, H., Faisal, A.M. & Hussain, S.T. (2014) ‘Mainstreaming climate change 

adaptation into development in Bangladesh.’ Clim. Dev., 6(4), pp. 293-305. 

https://doi.org/10.1002/wcc.226 

Azongo, D.K., Awine, T., Wak G., Binka, F.N. & Oduro, A.R. (2012) ‘A time series analysis of weather 

variables and all-cause mortality in the Kassena Nankana districts of northern Ghana, 1995–

2010.’ Glob. Health Action, 5, pp.1-9. https://doi.org/ 10.3402/gha.v5i0.19073 

Bachhav, N.B. (2012) ‘Information Needs of the Rural Farmers: A study from Maharashtra, India 

Survey.’  Libr. Philoso. Prac. [Accessed on 29/08/2023]. 

https://digitalcommons.unl.edu/libphilprac/866 

Baffour-Ata, F., Antwi-Agyei, P., Nkiaka, E., Dougill, A.J., Anning, A.K. & Kwakye, S.O. (2022) ‘Climate 

information services available to farming households in Northern Region, Ghana.’ Weather 

Clim. Soc., 14(2), pp.467–480. https://doi.org/10.1175/WCAS-D-21-0075.1   

Bai, D., Ye, L., Yuan, Z. & Wang, G. (2022) ‘Impact of climate change on agricultural productivity: a 

combination of spatial Durbin mode and entropy approaches.’  Int. J. Clim. Chang. Strateg. 

Manag. [Accessed on 20th July 2023] https://doi.org/10.1108/IJCCSM-02-2022-0016 

Baidu, M., Amekudzi, L.K., Aryee, J.N. & Annor, T. (2017) ‘Assessment of long term spatio-temporal 

rainfall variability over Ghana using wavelet analysis.’ Climate, 5(2), pp.30. 

https://doi.org/10.3390/cli5020030 

Bailey, R., Benton, T.G., Challinor, A., Elliott, J., Gustafson, D., Hiller, B., Jones, A., Jahn, M., Kent, C., 

Lewis, K. & Meacham, T. (2015) ‘Extreme weather and resilience of the global food system 

(2015). Final project report from the UK-US Taskforce on extreme weather and global food 

system resilience.’ The Global Food Security programme, UK. [Accessed 30/11/2023].  

Balasha, A.M., Munyahali, V., Kulumbu, J.T., Okwe, A.N., Fyama, J.N.M., Lenge, E.K. & Tambwe, A.N. 

(2023) ‘Understanding farmers’ perception of climate change and adaptation practices in 

the marshlands of South Kivu, Democratic Republic of Congo.’ Clim. Risk Manag., 39(1). 

https://doi.org/10.1016/j.crm.2022.100469  

Balvanera, P., Calderón-Contreras, R., Castro, A.J., Felipe-Lucia, M.R., Geijzendorffer, I.R., Jacobs, S., 

Martín-López, B., Arbieu, U., Speranza, C.F., Locatelli, B., Harguindeguy, N.P., Mercado, I.R., 

Spierenburg, M.J., Vallet, A., Lynes, L. & Gillson, L. (2017) ‘Interconnected place-based 

file:///E:/%2039


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       204 

social-ecological research can inform global sustainability.’ Curr. Opin. Environ. Sustain., 

29(5), pp.1-7. https://doi.org/10.1016/j.cosust.2017.09.005 

Bansard, J. & Schröder, M. (2021) ‘The sustainable use of natural resources: the governance 

challenge.’ International Institute for Sustainable Development Brief no. 16. Winnipeg, 

Manitoba, Canada. [Accessed on 25/09/2022].  

Barnes, V.R., Swaine, M.D., Pinard, M.A. & Kyereh, B. (2017) ‘Fuel management and experimental 

wildfire effects on forest structure, tree mortality and soil Chemistry in tropical dry forests 

in Ghana.’ J. For. Environ. Sci., 33(3), pp. 172-186. 

https://doi.org/10.7747/JFES.2017.33.3.172 

Barnhardt, R. & Kawagley, A.O. (1999) ‘Education indigenous to place: Western science meets 

indigenous reality.’ In: Smith, G. and Williams, D. (eds.) Ecological Education in Action. 

Albany State. University of New York Press. pp.117–140. 

Basdew, M., Jiri, O. & Mafongoya, P.L. (2017) ‘Integration of indigenous and scientific knowledge in 

climate adaptation in KwaZulu-Natal, South Africa.’ Change Adapt. Socio-Ecol. Syst., 3(1), 

pp.56–67. https://doi.org/10.1515/cass-2017-0006 

Bate, B.G., Kimengsi, J.N. & Amawa, S.G. (2019) ‘Determinants and policy implications of farmers 

climate adaptation choices in rural Cameroon.’  Sustainability, 11(7), pp.1921. 

https://doi.org/10.3390/su11071921  

Battiste, M. (2005) ‘Indigenous knowledge: foundations for first nations.’  Int. J. Indig. Edu. 

Scholarsh., 1, pp.1-17. https://journals.uvic.ca/index.php/winhec/article/view/19251 

Bauer, A & Steurer, R. (2014) ‘National adaptation strategies, what else? Comparing adaptation 

mainstreaming in German and Dutch water management.’ Reg. Environ. Change, 15(2), 

pp.341–352. https://doi.org/10.1007/s10113-014-0655-3 

Baul, T.K., Ullah, K.M., Tiwari, K.R. & McDonald, M.A. (2013) ‘People’s local knowledge of climate 

change in the Middle-Hills of Nepal.’ IJTK, 12(4), pp.585-595. 

Beale, C. M., Courtney Mustaphi, C. J., Morrison, T. A., Archibald, S., Anderson, T. M., Dobson, A. P., 

Donaldson, J.E., Hempson, G. P., Probert, J., & Parr, C. L. (2018) ‘Pyrodiversity interacts with 

rainfall to increase bird and mammal richness in African savannas.’ Ecol. Lett., 21(4), pp. 

557–567. https://doi.org/10.1111/ele.12921 

Beier, P., Hansen, L.J., Helbrecht, L. & Behar, D. (2017) ‘A how-to guide for coproduction of 

actionable science.’ Conserv. Lett., 10(3), pp.288-296. https://doi.org/10.1111/conl.12300. 

Belay, A., Oludhe, C., Mirzabaev, A., Recha, J.W., Berhane, W., Osano, P.M., Demissie, T., Olaka, L.A. 

& Solomon, D. (2022) ‘Knowledge of climate change and adaptation by smallholder farmers: 

evidence from southern Ethiopia.’ Hyelion, 8(12), pp.1-16. 

https://doi.org/10.1016/j.heliyon.2022.e12089 

Belay, A., Recha, J.W., Woldeamanuel, T. & Morton, J.F. (2017) ‘Smallholder farmers’ adaptation to 

climate change and determinants of their adaptation decisions in the central rift valley of 

Ethiopia.’ Agric. Food Secur., 6(1), pp.24. https://doi.org/10.1186/s40066-017-0100-1 

Belfer, E., Ford, J.D. & Maillet, M. (2017) ‘Representation of indigenous peoples in climate change 

reporting.’ Clim. Change, 145, pp.57-70. https://doi.org/10.1007/s10584-017-2076-z 

Belkin, N.J. & Pao, M. (1989) ‘The development of strategies for dealing with the information needs  

http://dx.doi.org/10.1515/cass-2017-0006


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       205 

of urban residents.’ Seattle. WA, University of Washington.   

Béné, C., Godfrey Wood, R., Newsham, A. & Davies, M. (2012) ‘Resilience: new utopia or new  

tyranny?’  Reflection about the potentials and limits of the concept of resilience in relation 

to vulnerability reduction programmes. IDS Working Papers 2012(405). 

https://doi.org/10.1111/j.2040-0209.2012.00405.x 

Bennett, N.J. (2016) ‘Using perceptions as evidence to improve conservation and environmental 

management.’ Conserv. Biol., 30(3), pp.582-592. https://doi.org/10.1111/cobi.12681 

Berkes, F. (2018) ‘Context of traditional ecological knowledge.’ Pages 1–20 In F. Berkes. Sacred  

ecology. Fourth edition. Routledge, New York, USA. https://doi. 

org/10.4324/9781315114644-1 

Berkes, F. (2018) ‘Sacred ecology.’ New York: Routledge, Taylor and Francis Group 

Berkes, F. & Berkes, M.K. (2009) ‘Ecological complexity, fuzzy logic, and holism in indigenous 

knowledge.’ Futures, 41(1), pp.6‒12. https://doi.org/10.1016/j.futures.2008.07.003. 

Berkes, F. Colding, J. & Folke, C. (2000) ‘Rediscovery of traditional ecological knowledge as adaptive 

management.’ Ecol. Appl., 10(5), pp.1251–1262. https://doi.org/10.2307/2641280 

Berkhout, F., Bouwer, L.M., Bayer, J., Bouzid, M., Cabeza, M., Hanger, S., Hof, A., Hunter, P., Meller, 

L., Patt, A., Pfluger, B., Rayner, T., Reichardt, K. & van Teeffelen, A. (2015) ‘European policy 

responses to climate change: progress on mainstreaming emissions reduction and 

adaptation.’ Reg. Environ. Change, 15(6), pp.949–959. https://doi.org/10.1007/s10113-015-

0801-6 

Bertolini, R. (2004) ‘Making information and communication technologies work for food security in 

Africa.’ 2020 Africa Conference Brief no. 11. International Food Policy Research Institute. 

Washington, DC. 

Biddle, C. & Schafft, K.A. (2015) ‘Axiology and anomaly in the practice of mixed methods work: 

Pragmatism, valuation, and the transformative paradigm.’ J. Mix. Methods Res., 9(4), pp. 

320-334. https://doi.org/10.1177/1558689814533157 

Biesbroek, G.R., Klostermann, J.E.M. & Termeer, C.J.A.M. et al. (2013) ‘On the nature of barriers to 

climate change adaptation.’ Reg. Environ. Change., 13(5) pp.1119–1129. 

https://doi.org/10.1007/s10113-013-0421-y 

Biesbroek, G.R., Termeer, C.J.A.M.K., Kabat, P. & Klostermann, J.E.M. (2009) ‘Institutional 

governance barriers for the development and implementation of climate adaptation 

strategies.’ Working paper for the International Human Dimensions Programme (IHDP) 

conference “Earth System Governance: People, Places, and the Planet,” December 2–4. 

Amsterdam 

Biggs, E.M., Boruff, B., Bruce, E., Duncan, J.M.A., Haworth, B.J., Duce, S., Horsley, J., Curnow, J., 

Neef, A., McNeill, K. & Pauli, N. (2014) ‘Environmental livelihood security in Southeast Asia 

and Oceania: a water-energy-food-livelihoods nexus approach for spatially assessing 

change.’ IWMI-CGIAR White Paper, International Water Management Institute, Colombo, Sri 

Lanka. http://www.iwmi.cgiar.org/publications/other-publication-types/environmental-

livelihood-security-southeast-asia-oceania/. [Accessed 04/11/2024]. 

https://doi.org/10.1111/cobi.12681
https://doi.org/10.1016/j.futures.2008.07.003
http://dx.doi.org/10.2307/2641280


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       206 

Biggs, E.M., Bruce, B., Boruff, B., Duncan, J.M.A., Horsley, J., Pauli, N. McNeill, K., Neef, A., Ogtrop, 

F.V., Curnow, J., Haworth, B., Duce, S. & Imanari, Y. (2015) ‘Sustainable development and 

the water–energy–food nexus: A perspective on livelihoods.’ Environ. Sci Policy, 15, pp. 389-

397. https://doi.org/10.1016/j.envsci.2015.08.002 

Bisto, C.M.L. (2012) ‘An Analysis of the information behaviour of Geography Teachers in Developing 

African Country, Lesotho.’ Rev. Int. Geogr. Educ., 2(2), pp. 192-218.  

Blarel, B. Hazell, P., Place, F. & Quiggin, J. (1992) ‘The economics of farm fragmentation: Evidence 

from Ghana and Rwanda.’ World Bank Econ. Rev., 6(2), pp. 233-254. 

https://doi.org/10.1093/wber/6.2.233 

Blum, M.L., Cofini, F. & Sulaiman, R.V. (2020) ‘Agricultural extension in transition worldwide: 

Policies and strategies for reform.’ Rome, FAO. https://doi.org/10.4060/ca8199en 

Boafo, Y.A., Saito, O. & Takeuchi, K. (2014) ‘Provisioning ecosystem services in rural savanna 

landscapes of Northern Ghana: an assessment of supply, utilization, and drivers of 

change.’ J. Disaster Res., 9(4), pp.501-515. https://doi.org/10.20965/jdr.2014.p0501 

Boafo, Y.A., Saito, O., Kato, S., Kamiyama, V., Takeuchi, K. & Nakahara, M. (2016) ‘The role of 

traditional ecological knowledge in ecosystem services management: The case of four rural 

communities in Northern Ghana.’ Int. J. Biodivers. Sci. Ecosyst. Serv. Manag., 12(1-2), pp. 24-

38. https://doi.org/10.1080/21513732.2015.1124454 

Bohensky, E. L. & Maru, Y. (2011) ‘Indigenous knowledge, science, and resilience: What have we  

learned from a decade of international literature on “integration”?’  Ecol. Soc., 16(4), pp.6. 

https://doi.org/10.5751/ES-04342-160406  

Bolden, I. W. et al. (2018) ‘Climate-related community knowledge networks as a tool to increase  

learning in the context of environmental change.’ Clim. Risk Manag., 21, pp. 1–6. https:// 

doi.org/10.1016/j.crm.2018.04.004 

Boillat, S. & Berkes, F. (2013) ‘Perception and interpretation of climate change among Quechua 

farmers of  

Bolivia: indigenous knowledge as a resource for adaptive capacity.’ Ecol. Soc., 18(4), pp. 21. 

http://doi.org/10.5751/ES-05894-180421 

Bordo, S. (1993) ‘Feminism, Foucault and the Politics of the Body.’ p. 179-202. In C. Ramazanoglu  

(ed.). Up Against Foucault:  Explorations of Some Tensions between Foucault and Feminism. 

London: Routledge. 

Bos, J.J., Brown, R.R. & Farrelly, M.A. (2013) ‘A design framework for creating social learning  

situations.’ Glob. Environ. Change., 23(2), pp.398-412. 

https://doi.org/10.1016/j.gloenvcha.2012.12.003 

Bradley A. & Fortuna S. (2021) ‘Collective tenure rights for REDD+ implementation and sustainable  

development.’ FAO: Rome, Italy 

Braun V., Clarke V. (2006) ‘Using thematic analysis in psychology.’ Qual. Res. Psychol., 3(2), pp. 77- 

101. https://doi.org/10.1191/1478088706qp063oa 

Brevini, B. & Lewis, J. (2018) ‘Climate change and the media.’ 2nd eds., New York: Peter Lang. 

https://doi.org/10.3726/b14826 

https://doi.org/10.1016/j.gloenvcha.2012.12.003


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       207 

Broad, K., Pfaff, A.S.P. & Glantz, M. H. (2002) ‘Effective and equitable dissemination of seasonal to 

interannual climate forecasts: Policy implications from the Peruvian fishery during El Nino 

1997–98.’ Clim. change, 54, pp. 415–438. https://doi.org/10.1023/A:1016164706290 

Brocklesby, M.A. & Fisher, E. (2003) ‘Community development in sustainable livelihoods 

approaches–an introduction.’ Community Dev. J., 38(3), pp.185-198. 

https://doi.org/10.1093/cdj/38.3.185 

Brown, K. (2014) ‘Global environmental change I: A social turn for resilience?’ Prog. Hum. Geogr.,  

38(1), pp.107-117 

Brugge, R.v.d. & Rotmans, J. (2007) ‘Towards transition management of European water  

resources.’ Water Resour. Manag., 21, pp.249-267. https://doi.org/10.1007/s11269-006-

9052-0 

Buadi, D.K., Anaman, K.A. & Kwarteng, J.A. (2013) ‘Farmers’ perceptions of the quality of extension 

services provided by non-governmental organisations in two municipalities in the Central 

Region of Ghana.’ Agric. Syst., 120, pp.20-26. https://doi.org/10.1016/j.agsy.2013.05.002 

Buckland, S.F. & Campbell, D. (2021) ‘An assessment of factors influencing awareness, access, and 

use of agro-climate services among farmers in Clarendon, Jamaica.’ Geoforum, 

126(1), pp.171-191. 

https://doi.org/10.1016/j.geoforum.2021.07.032 

Buell, M.C., Ritchie, D., Ryan, K. & Metcalfe, C.D. (2020) ‘Using Indigenous and Western knowledge 

systems for environmental risk assessment.’ Ecol. Appl., 30(7), p.e02146. 

https://doi.org/10.1002/eap.2146 

Bulkeley, H. (2010) ‘Cities and the governing of climate change.’ Annu. Rev. Environ. Resour., 35(1), 

pp. 229–253. https://doi.org/10.1146/annurev-environ-072809-101747 982. 

Burnard, P. (1991) ‘A method of analysing interview transcripts in qualitative research.’ Nurse Educ. 

Today, 11(6), pp.461-466. https://doi.org/10.1016/0260-6917(91)90009-Y 

Busetto, L., Wick, W. & Gumbinger, C. (2020) ‘How to use and assess qualitative research methods.’ 

Neurol. Res. Pract., 2(1) pp.14. https://doi.org/10.1186/s42466-020-00059-z 

Byg, A. and Salick J. (2009) ‘Local perspectives on a global phenomenon—climate change in eastern 

Tibetan villages.’ Glob. Environ. Change., 19(2), pp. 56-66. 

https://doi.org/10.1016/j.gloenvcha.2009.01.010 

Cairney, P. (2016) ‘The Politics of Evidence-Based Policy Making.’ Palgrave Macmillan UK, London. 

https://doi.org/10.1057/978-1-137-51781-4 

Callo-Concha, D., Gaiser, T. & Ewert, F. (2012) ‘Farming and cropping systems in the West African 

Sudanian Savanna.’ WASCAL Research Area; Northern Ghana, Southwest Burkina Faso, and 

Northern. ZEF Working Paper Series no. 100. Benin. 

Cameron, C. (2011) ‘Climate Change financing and aid effectiveness: Ghana case study.’ Agulhas, 

Applied Knowledge. www.agulhas.co.uk 

Capano, G. & Malandrino, A. (2022) ‘Mapping the use of knowledge in policymaking: barriers and  

facilitators from a subjectivist perspective (1990–2020).’ Policy Sci., 55, pp. 399–428. 
https://doi.org/10.1007/s11077-022-09468-0 

https://www.sciencedirect.com/journal/geoforum
http://www.agulhas.co.uk/


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       208 

Carpenter, S. R., and Brock, W.A. (2004) ‘Spatial complexity, resilience and policy diversity: fishing 

on lake-rich  

landscapes.’ Ecol. Soc. 9(1):8. http://www.ecologyandsociety.org/vol9/iss1/art8/ 

Cajete, G. A. (2000b) ‘Native science: Natural laws of interdependence.’ Santa Fe, NM: Clear Light. 

CBD. (2016) ‘Traditional knowledge and the convention on biological diversity.’ [Accessed 

12/07/2022]. https://www.cbd.int/traditional/intro.shtml 

Chalmers, N. & Fabricius, C. (2007) ‘Expert and generalist local knowledge about land-cover change 

on South  

Africa’s Wild Coast: Can local ecological knowledge add value to science?’ Ecol. Soc., 12(1), 

pp.10. [Online]. http://www.ecologyandsociety.org/vol12/iss1/art10/ 

Chambers, R. and Conway, G. (1992) ‘Sustainable rural livelihoods: Practical concepts for the 21st 

century.’ IDS Discussion Paper 296. https://hdl.handle.net/20.500.12413/775 

Chapman, J.M. & Schott, S. (2020) ‘Knowledge coevolution: generating new understanding through 

bridging and strengthening distinct knowledge systems and empowering local knowledge 

holders.’ Sustain. Sci., 15(3), pp.931-943. https://doi.org/10.1007/s11625-020-00781-2 

Chandra, A., McNamara, K.E. & Dargusch, P. (2018) ‘Climate-smart agriculture: perspectives and 

framings.’  Clim. Policy, 18(4), pp. 526-541. 

https://doi.org/10.1080/14693062.2017.1316968. 

Chérif, S., Filho, W.L. & Azeiteiro, U. (2016) ‘The role of farmers’ perceptions in coping with climate 

change in Sub - Saharan Africa.’ Int. J. Glob. Warm., 12(1), pp. 1-18. 

https://doi.org/10.1504/IJGW.2017.10005907 

Chigbu, U.E. (2019) ‘Anatomy of women’s landlessness in the patrilineal customary land tenure 

systems of sub-Saharan Africa and a policy pathway.’ Land Use Policy, 86, pp.126-135. 

https://doi.org/10.1016/j.landusepol.2019.04.041 

Cholo, T. C., Fleskens, L., Sietz, D., & Peerlings, J. (2019) ‘Land fragmentation, climate change 

adaptation, and 

food security in the Gamo Highlands of Ethiopia.’ Agric. Econ. (UK), 50(1), pp. 39-49. 

https://doi.org/10.1111/agec.12464 

Choudhury, M.-U.-I., Haque, C.E., Nishat, A. & Byrne, S. (2021) ‘Social learning for building 

community  

resilience to cyclones: Role of indigenous and local knowledge, power, and institutions in 

coastal Bangladesh.’ Ecol. Soc., 26(1):5. https://doi.org/10.5751/ES-12107-260105 

Church, S.P., Wardropper, C.B. & Usher, E. et al. (2022) ‘How does co-produced research influence 

adaptive capacity?’ Lessons from a cross-case comparison. Socio-Ecol. Pract. Res., 4(3), 

pp.205-219. https://doi.org/10.1007/s42532-022-00121-x 

Clapp, J., Newell, P. & Brent, Z.W. (2018) ‘The global political economy of climate change, 

agriculture and food systems.’ J. Peasant Stud., 45(1), pp. 80-88. 

https://doi.org/10.1080/03066150.2017.1381602 

Conklin, J. (2001) ‘Wicked problems and social complexity.’ Cog Nexus Institute. California, USA. 

Cooke, E., Hague, S. & McKay, A. (2016) ‘The Ghana poverty and inequality report.’ Using the 6th 

Ghana Living Standards Survey. GoG. 

http://dx.doi.org/10.5751/ES-12107-260105


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       209 

Cooke, S.J., Nguyen, V.M., Chapman, J.M., Reid, A.J., Landsman, S.J., Young, N., Hinch, S.G., Schott, 

S., Mandrak, N.E. & Semeniuk, C.A. (2021) ‘Knowledge co-production: A pathway to 

effective fisheries management, conservation, and governance.’ Fisheries, 46(2), pp. 89-97. 

https://doi.org/10.1002/fsh.10512 

Cotterill, P. and Letherby, G. (1994) ‘The person in the researcher.’ Stud. Qual. Methodol., 4, 

pp.107-136. London, England: JAI Press. 

Creamers, E. (2018) ‘Distinguishing mixed methods designs in: An introduction to fully integrated 

mixed methods research.’ SAGE Publications, Thousand Oaks. pp. 59-78. 

Creswell, J. W. (2010) ‘Mapping the developing landscape of mixed methods research.’ In A. 

Tashakkori & C. Teddlie (Eds.), SAGE handbook of mixed methods in social and behavioural 

research 2nd edition, pp. 45-68. Thousand Oaks, CA: Sage. 

Creswell, J.W. (2003) ‘Research design: Qualitative, quantitative, and mixed method approaches’ In 

J.W. Creswell 1. 2nd ed. Sage Publications. 

Creswell, J. (2015) ‘30 essential skills for the qualitative researcher.’ Sage Publications. 

Creswell J.W. & Clark V.L.P. (2017) ‘Designing and conducting mixed methods research.’ Sage 

publications. 

Creswell, J.W. & Plano Clark, V.L. (2007) ‘Designing and conducting mixed methods 

research.’ Thousand Oaks, CA: Sage Publications. 

Creswell, J.W., Klassen, A.C., Plano Clark, V.L. & Smith, K.C. (2011) ‘Best practices for mixed 

methods research in the health sciences.’ National Institutes of Health. pp. 541-545. 

Bethesda, Marylan. 

Creswell, J.W. & Tashakkori, A. (2007) ‘Differing perspectives on mixed methods research.’ J. Mix. 

Methods Res., 1(4), pp.303-308. https://doi.org/10.1177/1558689807306132 

Cronon, W. (1996) ‘The trouble with wilderness; or getting back to the wrong nature.’ In: W. 

Cronon. (Ed.). Uncommon ground: rethinking the human place in nature. W.W. Norton and 

Co., New York & London. 

Cullen-Unsworth, L.C., Hill, R., Butler, J.R.A. & Wallace, M. (2012) ‘A research process for integrating 

indigenous and scientific knowledge in cultural landscapes: Principles and determinants of 

success in the wet tropics world heritage area, Australia.’ Geogr. J., 178(4), pp.351-365. 

https://doi.org/10.1111/j.1475-4959.2011.00451.x 

Cutter, S.L., Barnes, L., Berry, M., Burton, C., Evans, E., Tate, E. & Webb, J. (2008) ‘A place-based 

model for understanding community resilience to natural disasters.’ Glob. Environ. 

Change, 18(4), pp.598-606. https://doi.org/10.1016/j.gloenvcha.2008.07.013 

Daniel, W.W. (1999) ‘Biostatistics A Foundation for Analysis in the Health Sciences.’ 7th edition. 

New York: John Wiley and Sons 

Danso-Abbeam, G., Ehiakpor, D.S. & Aidoo, R. (2018) ‘Agricultural extension and its effects on farm 

productivity and income: insight from Northern Ghana.’ Agric. Food Secur., 7(74), pp.1-10. 

https://doi.org/10.1186/s40066-018-0225-x  

Darge, K., Ferede, G. & Soresa, T. (2018) ‘Land management practices and crop productivity 

nexus.’ Appl. Sci. Rep., 22(3), pp.85-93. https://doi.org/ 10.15192/PSCP.ASR.2018.22.3.8593  



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       210 

Davoudi, S. (2012) ‘Climate risk and security: New meanings of “the environment” in the English 

planning   

system.’ Eur. Plan. Stud., 20(1), 49–69. https://doi.org/10.1080/09654313.2011.638491 

Dazé, A. & Echeverría, D. (2016) ‘Review of current and planned adaptation action in Ghana.’ 

CARIAA Working Paper no. 9. International Development Research Centre, Ottawa, Canada 

and UK Aid, London, UK. https://www.idrc.ca/cariaa 

Debela, N., Mohammed, C., Bridle, K., Corkrey, R. & McNeil, D. (2015) ‘Perception of climate change 

and its impact by smallholders in pastoral/agropastoral systems of Borana, South 

Ethiopia.’ SpringerPlus, 4, pp.1-12. https://doi.org/10.1186/s40064-015-1012-9 

Delanty, G. (2000) ‘Modernity and postmodernity: Knowledge, power and the self.’ 1st ed. 19th June 

2012. Thousand Oaks, Sage, London. https://doi.org/10.4135/9781446218259. 

De Laine, M. (2000) ‘Fieldwork, participation and practice: Ethics and dilemmas in qualitative 

research.’ Thousand Oaks, CA: SAGE. 

Dendir Z. & Simane B. (2019) ‘Livelihood vulnerability to climate variability and change in different 

agroecological zones of Gurage administrative zone, Ethiopia.’ Prog. Disaster Sci., 3, pp.1-8. 

http://dx.doi.org/10.1016/j.pdisas.2019.100035 

Derbile, E.K. and Laube, W. (2014) Local knowledge flows for reducing vulnerability of rain-fed 

agriculture to environmental change: Patterns and Drivers of Flow in North-Eastern Ghana. 

J. Inf. Knowl. Manag., 4, pp. 24-38. 

Deressa, T. T., Hassan, R. M. & Ringler, C. (2011) ‘Perception of and adaptation to climate change by 

farmers in the Nile basin of Ethiopia.’ J. Agric. Sci., 149(1), pp. 23-31. 

https://doi.org/10.1017/S0021859610000687 

Deressa, T.T., Hassan, R.M., Ringler, C., Alemu, T. & Mahmud Yesuf, M. (2009) ‘Determinants of 

farmers’ choice of adaptation methods to climate change in the Nile basin of Ethiopia.’ Glob. 

Environ. Change, 19(2), pp.248–255. https://doi.org/10.1016/j.gloenvcha.2009.01.002 

Devi, M. V., Singh, R.J., Devarani, L., Hemochandra, L., Singh, R. & Sethi, B. (2020) ‘Farmers’ climate 

change adaptation intention in north-eastern hill region of India.’ Curr. Appl. Sci. Technol., 

39(4), pp.9-16. https://doi.org/10.9734/cjast/2020/v39i430525 

DFID (1999) ‘Sustainable livelihoods guidance sheets.’ London. http://222.ids>. 

susx.ac.uk:80/livelihoods. 

[Accessed 04/11/2024]. 

DFID. (2013) ‘Embedding disaster resilience lessons review, A DFID Approach Paper.’  CHASE Crown 

Copyright.  

http://www.dfid.gov.uk/Documents/publications1/Defining-Disaster-Resilience-DFID-

Approach-Paper.pdf. 

Díaz, S., Demissew, S., Carabias, J., Joly, C., Lonsdale, M., Ash, N., Larigauderie, A. & Adhikari, J.R. et 

al. (2015) ‘The IPBES conceptual framework—connecting nature and people.’ Curr. Opin. 

Environ. Sustain., 14, pp.1–16. https://doi.org/10.1016/j.cosust.2014.11.002 

Dickinson, K.L., Monaghan, A.J., Rivera, I.J., Hu, L., Kanyomse, E., Alirigia, R., Adoctor, J., Kaspar, 

R.E., Oduro, A.R. & Wiedinmyer, C. (2017) ‘Changing weather and climate in Northern 



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       211 

Ghana: Comparison of local perceptions with meteorological and land cover data.’ Reg. 

Environ. Change, 17(3), pp.1-14. https://doi.org/10.1007/s10113-016-1082-4 

Dietz, A.J., Millar, D., Dittoh, S., Obeng, F. & Ofori-Sarpong, E. (2004) ‘Climate and livelihood change 

in North-East Ghana.’ In: Dietz AJ, Ruben R, Verhagen J, (eds.) The impact of climate change 

on drylands with a focus on West Africa. Dordrecht. The Netherlands:  Kluwer Academic 

Publishers. pp.149–172. 

Dill, B.T. & Kohlman, M.H. (2012) ‘Intersectionality: A transformative paradigm in feminist theory 

and social justice.’ Handbook of feminist research: Theory and praxis, 2, pp.154-174. 

http://dx.doi.org/10.4135/9781483384740 

Dinesh, D., Zougmore, R.B., Vervoort, J., Totin, E., Thornton, P.K., Solomon, D., Shirsath, P.B., Pede, 

V.O., Lopez Noriega, I., Läderach, P. & Körner, J. (2018) ‘Facilitating change for climate-smart 

agriculture through science-policy engagement.’ Sustainability, 10(8), pp. 2616. 

https://doi.org/10.3390/su10082616 

Diouf, N.S., Ouedraogo, I., Zougmoré, R.B., Ouedraogo, M., Partey, S.T. & Gumucio, T. (2019) 

‘Factors influencing gendered access to climate information services for farming in 

Senegal.’ Gend. Technol. Dev., 23(2), pp.93–110. 

https://doi.org/10.1080/09718524.2019.1649790.  

Doorenbos, A.Z. (2014) ‘Mixed methods in nursing research: An overview and practical examples.’ 

Kango Kenkyu, 47(3), pp.207-217.  

Dou, Y., Deadman, P.J., Berbés-blázquez, M., Vogt, N.D. & Almeida, O. (2020) ‘Pathways out of 

poverty through the lens of development resilience: An agent-based simulation.’ Ecol. Soc., 

25(4), pp. 1–14. https://doi.org/10.5751/ES-11842-250403 

Drafor, I. (2016) ‘Access to information for farm-level decision-making.’ J. Agric. Food Inf., 17(4), 

pp.230–245. http://doi.org/ 10.1080/10496505.2016.1213170 

Dupont, C. & Oberthür, S. (2012) ‘Insufficient climate policy integration in EU energy policy: the 

importance of the long-term perspective.’ J. Contemp. Eur. Res., 8(S2), pp. 228–247. 

https://doi.org/10.30950/jcer.v8i2.474 

Durose, C., Needham, C., Mangan, C. & Rees, J. (2017) ‘Generating ‘good enough’ evidence for 

coproduction.’ Evid. Policy, 13(1), pp.135-151. 

https://doi.org/10.1332/174426415X14440619792955 

Dwamena, H.A., Tawiah, K. & Kodua, A.S.A. (2022) ‘The effect of rainfall, temperature, and relative 

humidity on the yield of cassava, yam, and maize in the Ashanti Region of Ghana.’ Int. J. 

Agron., 2022(1), pp.1-12. https://doi.org/10.1155/2022/9077383 

Eggers, J. (2022) ‘Digging in to fight drought in Tanzania.’ DW news. 2nd April. [Accessed 

04/07/2022]. https://p.dw.com/p/466wJ 

Ekstrom, J.A. & Moser, S.C. (2014) ‘Identifying and overcoming barriers in urban climate adaptation:  

Case study findings from the San Francisco Bay area, California, USA.’ Urban Clim., 9, pp. 54-

74. https://doi.org/ 10.1016/j.uclim.2014.06.002 

Engelbrecht, F., Adegoke, J., Bopape, M-J., Naidoo., Garland, R., Thatcher, M., McGregor, J., Katzfey, 

J., Werner, M., Ichoku, C. & Gatebe, C. (2015) ‘Projections of rapidly rising surface 

https://link.springer.com/article/10.1007/s10113-016-1082-4


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       212 

temperatures over Africa under low mitigation.’ Environ. Res. Lett., 10(8), pp.1-16. 

https://doi.org/10.1088/1748-9326/10/8/085004 

Elias, M., Priyadarshini, P., Meinzen-Dick, R., Ghate, R. & Rao, J. (2020) ‘Enhancing social inclusion 

through local dialogues on natural resource management.’ Biodiversity International, Rome. 

Italy. 

Ellis, F. (2000) ‘Rural livelihoods and diversity in developing countries.’ Oxford University Press. 

Edmonds, H.K., Lovell, J.E. & Lovell, C.A.K. (2020) ‘A new composite climate change vulnerability 

index.’ Ecol. Indic., 117, pp. 106529. https://doi.org/10.1016/j.ecolind.2020.106529 

Ensor, J. & Harvey, B. (2015) ‘Social learning and climate change adaptation: evidence for  

international development practice.’ Wiley Interdiscip. Rev. Clim. Change, 6(5), pp.509-522. 

https://doi.org/10.1002/wcc.348 

Eriksen, C. (2007) ‘Why do they burn the ‘bush’? Fire, rural livelihoods, and conservation in Zambia.’  

Geogr. J., 173(3), pp. 242–256. https://doi.org/10.1111/j.1475-4959.2007.00239.x 

Fahad, S. & Wang, J. (2020) ‘Climate change, vulnerability, and its impacts in rural Pakistan: A 

review.’ Environ. Sci. Pollut. Res., 27, pp.1334-1338. https://doi.org/10.1007/s11356019-

06878-1 

Falardeau, M., Raudsepp-Hearne, C. & Bennett, E.M. (2019) ‘A novel approach for co-producing 

positive scenarios that explore agency: case study from the Canadian Arctic.’ Sustain. 

Sci., 14, pp.205-220. https://doi.org/10.1007/s11625-018-0620-z 

FAO (2002) ‘Analytical framework: Sustainable livelihoods.’ [Accessed 04/11/2024]. 

http://fao.org/docrep/007/j2602e02.htm  

FAO (2008) ‘Disaster risk management systems analysis: A guidebook.’ Rome: UN FAO. [Accessed 

18/11/2024] http://www.fao.org/3/a-i0304e.pdf  

FAO (2010) ‘Global Forest resources assessment 2010 Main Report.’ FAO Forestry paper 163. FAO, 

UN, Rome. [Accessed 08/07/2023]. http://www.fao.org/docrep/013/i1757e/i1757e.pdf 

FAO. 2020 ‘Global Forest resources assessment 2020 – Key findings.’ FAO, UN, Rome. [Accessed 

08/07/2023]. https://doi.org/10.4060/ca8753en 

FAO (2017) ‘ICT in Agriculture: A report to the G20 agricultural deputies.’ Rome: FAO. [Accessed 

13/08/2023]. http://www.fao.org/3/a-i7961e.pdf. 

FAO (1996) ‘Report of the world food summit part 1.’ Rome, Italy. 

https://www.fao.org/3/w3548e/w3548e00.htm. 

FAO. (2011) ‘Strengthening capacity for climate change adaptation in agriculture: Experience and  

lessons from Lesotho.’ Sales and Marketing Group - Communication Division, FAO, Rome, 

Italy. http://www.fao.org/4/i2228e/i2228e00.pdf. 

FAO (2016) ‘The state of food and agriculture: Climate change, agriculture and food security.’ FAO, 

UN, Rome, 173 pp. [Accessed 08/07/2023]. http://www.fao.org/3/a-i6030e.pdf 

FAO & ECA (2018) ‘Africa: Regional overview of food security and nutrition. Addressing the threat 

from climate variability and extremes for food security and nutrition.’ FAO, UN, Accra, 116 

pp. [Accessed 08/07/2023]. http://www.fao.org/3/CA2710EN/ca2710en.pdf 

FAO, IFAD and WFP (2015a) ‘Achieving zero hunger: The critical role of investments in social 

protection and agriculture.’ FAO, Rome 

https://doi.org/10.1016/j.ecolind.2020.106529


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       213 

FAO, IFAD and WFP (2015) ‘The state of food insecurity in the world 2015. Meeting the 2015 

international hunger targets: taking stock of uneven progress.’  [Accessed 08/07/2023]. 

http://www.fao.org/3/a-i4646e.pdf 

FAO, IFAD and WFP (2014) ‘The state of food insecurity in the World 2014. Strengthening the 

enabling environment for food security and nutrition.’ Rome, FAO. 

FAO, IFAD, UNICEF, WFP & WHO (2022) ‘The State of food security and nutrition in the world 2022. 

Repurposing food and agricultural policies to make healthy diets more affordable.’ Rome, 

FAO. [Accessed 08/07/2023]. https://doi.org/10.4060/cc0639en 

FASEDEV II (2007) Food and agriculture sector development policy II.’ MoFA, GoG, Accra. Ghana.  

Fazey, I., Salisbury, J.G., Lindenmayer, D.B., Maindonald, J. & Douglas, R. (2004) ‘Can methods 

applied in medicine be used to summarize and disseminate conservation research?’ Environ. 

Conserv., 31(3), pp.190-198. https://doi.org/10.1017/S0376892904001560 

Feilzer, M.Y. (2010) ‘Doing mixed methods research pragmatically: Implications for the rediscovery 

of pragmatism as a research paradigm.’ J. Mix. Methods Res., 4(1), pp. 6-16. 

https://doi.org/10.1177/1558689809349691 

Fernández-Llamazares, Á. et al. (2015) ‘Rapid ecosystem change challenges the adaptive capacity of 

Local environmental knowledge.’ Glob. Environ. Change, 31, pp. 272–284, 

https://doi.org/10.1016/j.gloenvcha.2015.02.001 

Fetterman. D.M. (2008) ‘Perception.’ SAGE Encycl. Qual. Res. Methods. 

https://doi.org/10.5860/CHOICE.46-4214 

Fetters, M. & Molina-Azorin, J.F. (2017) ‘The journal of mixed methods research starts a new 

decade: The mixed methods research integration trilogy and its dimensions.’ J. Mix. 

Methods Res., 11(3), pp. 291-307, https://doi.org/10.1177/1558689817714066 

Fielding, N.G. and Lee, R.M. (1998) ‘Computer analysis and qualitative research.’ London: Sage 

Publications. 

Filho, W.L., Wolf, F., Totin, E., Zvobgo, L., Simpson, N.P., Musiyiwa, K., Kalangu, J.W., Sanni, 

M., Adelekan, M.I., Efitre, J., Donkor, F.K., Balogun, A-L., Serafino Afonso Rui Mucova, S.A.R. 

& Ayal,D.Y. (2023) ‘Is indigenous knowledge serving climate adaptation? Evidence from 

various African regions.’ Dev. Policy Rev., 41(2), pp. 1-

22.  https://doi.org/10.1111/dpr.12664  

Fisher, B., Turner, R.K. & Morling, P. (2009) ‘Defining and classifying ecosystem services for decision  

making.’ Ecol. Econ., 68(3), pp.643-653. https://doi.org/10.1016/j.ecolecon.2008.09.014 

Folke, C., Berkes, F. & Colding, J. (1998) ‘Ecological practices and social mechanisms for building  

resilience for sustainability.’ In F. Berkes and C. Folke, (ed.). Linking social and ecological 

systems. Cambridge University Press, Cambridge, UK. p.414-436 

Folke, C., Carpenter, S., Elmqvist, T., Gunderson, L., Holling, C.S. & Walker, B. (2002) ‘Resilience and 

sustainable development: building adaptive capacity in a world of transformations.’ AMBIO: 

J, hum. Environ., 31(5), pp.437-440. https://doi.org/10.1579/0044-7447-31.5.437 

Folke, C., Carpenter, S.R. Walker, B., Scheffer, M., Chapin, T. & Rockström, J. (2010) ‘Resilience 

thinking integrating resilience, adaptability, and transformability.’ Ecol. Soc., 15(4):20.  

http://www.ecologyandsociety. org/vol15/iss4/art20/ 

https://www.researchgate.net/publication/332581254_Smallholder_farmers%27_livelihood_adaptation_to_climate_variability_and_ecological_changes_in_the_savanna_agro_ecological_zone_of_Ghana#pf1
https://www.researchgate.net/publication/332581254_Smallholder_farmers%27_livelihood_adaptation_to_climate_variability_and_ecological_changes_in_the_savanna_agro_ecological_zone_of_Ghana#pf1
https://doi.org/10.1579/0044-7447-31.5.437


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       214 

Folke, C., Colding, J. & Berkes, F. (2003) ‘Building resilience and adaptive capacity in social-

ecological systems.’ Navigating Social-Ecological Systems. Cambridge University Press, 

Cambridge, UK. pp.352- 387  

Fonteh, F.M. (2010) ‘Agricultural mechanization in Mali and Ghana: Strategies, experiences, and 

lessons for sustained impacts.’ Rome: FAO, United Nations, 22(2/3), pp. 151–156.  

Ford, J., Cameron, L. and Rubis, J. et al. (2016) ‘Including indigenous knowledge and experience in 

IPCC assessment reports.’ Nat. Clim. Chang., 6, pp. 349–353. 

https://doi.org/10.1038/nclimate2954 

Fridy, K.S. & Myers, W.M. (2019) Challenges to decentralisation in Ghana: where do citizens seek 

assistance?’ Commonw. Comp. Politics, 57(2), pp.1–22. 

https://doi.org/10.1080/14662043.2018. 990 1514217. 

Füssel, H.M. (2007) ‘Vulnerability: A generally applicable conceptual framework for climate change 

research.’ Glob. Environ. Change, 17(2), pp.155-

167.https://doi.org/10.1016/j.gloenvcha.2006.05.002 

Füssel, H.M. & Klien, J.T. (2004) ‘Conceptual frameworks of adaptation to climate change and their 

applicability to human health.’ PIK Report, No. 9. Potsdam Institute for Climate Impacts 

research, Potsdam, Germany. 

Gadgil, M., Berkes, F. & Folke, C. (1993) ‘Indigenous knowledge for biodiversity conservation.’ Am. 

J. Mol. Biol., 22(2-3), pp. 151-156 

Gallego J, Wantchekon L (2019) ‘Clientelism.’ In: Lynch, G., Von Doepp, P. (eds) Routledge handbook 

of democratization in Africa. Routledge, London, pp 205–216  

Galli, F., Grando, S., Adamsone-Fiskovica, A., Bjørkhaug, H., Czekaj, M., Duckett, D.G., Almaas, H.,  

Karanikolas, P., Moreno-Pérez, O.M., Ortiz-Miranda, D. & Pinto-Correia, T. (2020) ‘How do 

small farms contribute to food and nutrition security? Linking European small farms, 

strategies and outcomes in territorial food systems.’ Glob. Food Secur., 26, p.100427. 

https://doi.org/10.1016/j.gfs.2020.100427 

Gallopín, G.C. (2006) ‘Linkages between vulnerability, resilience, and adaptive capacity.’ Glob. 

Environ. Change, 16(3), pp.293-303. https://doi.org/10.1016/j.gloenvcha.2006.02.004 

Gamble, D.W., Campbell, D., Allen, T.L., Barker, D., Curtis, S., Mcgregor, D., Popke, J., Douglas, R., 

Gamble, W., Campbell, D. & Barker, D. (2010) ‘Climate change, drought, and Jamaican 

agriculture: Local knowledge and the climate.’ Ann. Am. Assoc. Geogr., 100(4), pp.880–893. 

https://doi.org/10.1080/00045608.2010.497122 

García-Martínez, A., Olaizola, A. & Bernués, A. (2009) ‘Trajectories of evolution and drivers of  

change in European mountain cattle farming systems.’ Animal, 3(1), pp. 152–165. https:// 

doi.org/10.1017/S1751731108003297 

Gbangou, T., Ludwig, F., Van Slobbe, E., Hoang, L. & Kranjac-Berisavljevic, G. (2019) ‘Seasonal 

variability and predictability of agro-meteorological indices: Tailoring onset of rainy season 

estimation to meet farmers’ needs in Ghana.’ Clim. Ser., 14, pp.19-30. 

https://doi.org/10.1016/j.cliser.2019.04.002 

Gbetibouo G. A. (2009) ‘Understanding farmers' perceptions and adaptations to climate change and 

Variability.’ The case of the Limpopo Basin, South Africa.’ IFPRI Discussion Paper no. 

https://doi.org/10.1016/j.gloenvcha.2006.05.002
https://doi.org/10.1016/j.gloenvcha.2006.02.004


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       215 

00849.  Washington, DC: IFPRI. [Accessed 08/08/2023] 

https://www.fao.org/fileadmin/user_upload/rome2007/docs/ifpri_limpopo_dp00849.pdf 

Gebremeskel-Haile, G., Tang, Q., Sun, S., Huang, Z., Zhang, X. & Liu X. (2019) ‘Droughts in East 

Africa: Causes, impacts and resilience.’ Earth-Sci. Rev., 193, pp. 146–161. 

https://doi.org/10.1016/j.earscirev.2019.04.015 

Geddes, A., Parker, C. & Scott, S. (2017) ‘When the snowball fails to roll and the use of ‘horizontal’ 

networking in qualitative social research.’ Int. J. Soc. Res. Methodol., 21(3), pp. 347–358. 

https://doi.org/10.1080/13645579.2017.1406219 

Gedefaw, M., Girma, A., Denghua, Y., Hao, W. & Agitew, G. (2018) ‘Farmer's perceptions and 

adaptation strategies to climate change, its determinants, and impacts in Ethiopia: Evidence 

from Qwara District.’ J. Earth Sci. Clim. Chang., 9(07), pp. 481. 

https://doi.org/10.4172/2157-7617.1000481 

Gentle, P. & Maraseni, T.N.  (2012) ‘Climate change, poverty and livelihoods: adaptation practices 

by rural mountain communities in Nepal.’ Environ. Sci. Policy, 21, pp. 24-34. 

https://doi.org/10.1016/j.envsci.2012.03.007 

Genovese, D., Culasso, F., Giacosa, E. & Battaglini, L.M. (2017) ‘Can livestock farming and tourism  

coexist in mountain regions? A new business model for sustainability.’ Sustainability, 9(11), 

pp.2021. https://doi.org/10.3390/su9112021 

George, J. (1999b) ‘World view analysis of knowledge in a rural village: Implications for science 

education.’ https://doi.org/10.1002/(SICI)1098-237X(199901)83:1<77::AID-SCE4>3.0.CO;2-D 

Ghana districts (2017) ‘Problems of Metropolitan Municipal Districts Assemblies.’ [Accessed 

30/06/2023]. https://www.ghanadistricts.com/Home/LinkData/6285 

Ghana Living Standards Survey Round 7 (2018) ‘Poverty Trends in Ghana 2005–2017. GLSS 7.’ Ghana 

Statistical Service, Accra. [Accessed 30/06/2023].  

https://statsghana.gov.gh/gssmain/fileUpload/pressrelease/GLSS7%20MAIN%20REPORT_FI

NAL.pdf 

Ghana Statistical Service (2014) ‘2010 Population and housing census. Districts analytical report: 

Demographic, social, economic, and housing characteristics. Ghana Statistical Service, Accra. 

[Accessed30/06/2023]. 

https://statsghana.gov.gh/gssmain/fileUpload/pressrelease/2010_PHC_National_Analytical

_Reportpdf 

Ghana Statistical Service (2020) ‘Projected population by age and sex - 260 districts, 2020.’ Ghana 

Statistical Service, Accra. [Accessed 30/06/2023]. 

https://statsghana.gov.gh>gssmain>Demography XLS 

Gogoi, E., Bahadur, A.V. & Rumbaitis del Rio, C. (2017) ‘Mainstreaming adaptation to climate change 

within governance systems in South Asia: An analytical framework and examples from 

practice.’ Learning Paper. New Delhi: Action on Climate Today.  

Gorjestani, N. (2000) ‘Indigenous knowledge for development: opportunities and 

challenges.’ Washington: World Bank. [Accessed 10/08/2022]. 

Gould, B.W., W.E. Saupe, & R.M. Klemme (1989) ‘Conservation Tillage: The role of farm and operat

or characteristics and the perception of soil erosion.’ Land Econ, 65(2), pp. 167- 182. 



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       216 

https://doi.org/10.2307/3146791 

GPRS II (2006) ‘Ghana Ministry of Finance.’ Accra. GoG. [Accessed on 10/08/2022] 

https://ndpc.gov.gh/media/Growth_and_Poverty_Reduction_Strategy_GPRS_II_20062009.

pdf.  

Graneheim, U.H. & Lundman, B. (2014) ‘Qualitative content analysis in nursing research: concepts, 

procedures and measures to achieve trustworthiness. Nurse Edu. Today, 24(2), pp. 105-112. 

https://doi.org/10.1016/j.nedt.2003.10.001 

Griscom, B.W., Adams, J. Ellis, P.W., Houghton, R.A., Lomax, G., Miteva, D.A., Schlesinger, W.H.,  

Shoch, D., Siikamäki, J.V., Smith, P. , Woodbury, P. , Zganjar, C., Blackman, A., Campari, J., 

Conant,   R.T., Delgado, C., Elias, P., Gopalakrishna,   T., Hamsik, M.R., Herrero,   M., 

Kiesecker, J., Landis, E., Laestadius, L., Leavitt, S.M., Minnemeyer,   S., Polasky, S., Potapov, 

P., Putz, F.E., Sanderman, J., Silvius, M., Wollenberg,   E. & Fargione, J. (2017) ‘Natural 

climate solutions.’ Proc. Natl. Acad. Sci., 114(44), pp.11645-11650. 

https://doi.org/10.1073/pnas.1710465114 

Grothmann, T. & Patt, A. (2005) ‘Adaptive capacity and human cognition: the process of individual 

adaptation to climate change.’ Glob. Environ. Change, 15(3), pp. 199-213. 

https://doi.org/10.1016/j.gloenvcha.2005.01.002 

Grunblatt, J. & Alessa, L. (2017) ‘Role of perception in determining adaptive capacity.’ Sustain. 

Sci., 12(1), pp. 3–13. https://doi.org/10.1007/s11625-016-0394-0 

Gyampoh, B.A., Amissah S., Idinoba M. & Nkem, J. (2009) ‘Using traditional knowledge to cope with 

climate change in rural Ghana.’ Unasylva, 60(231), pp. 70-74 

Gyampoh, B.A. & Asante, W. (2011) ‘Mapping and documenting indigenous knowledge in climate 

change adaptation in Ghana.’ Africa Adaptation Programme, UNDP. [Accessed 10/06/2022]. 

https://doi.org/0.13140/RG.2.1.4818.6640 

Gyebi, A.O. (2018) ‘Continuity in governance, a necessity for Ghana’s long-term development. 

Modern Ghana.’ [Accessed 05/10/2021]. 

https://www.modernghana.com/news/895991/continuity-in-governance-a-

necessityforghanas.html   

Gupta, G.R., Oomman, N., Grown, C., Conn, K., Hawkes, S., Shawar, S.R., Shiffman, J., Buse, K., 

Mehra, K., Bah, C.A., Heise, L., Greene, M.E., Weber, A.M., Heymann, J., Hay, K., Raj, A., 

Henry, S., Klugman, J. Darmstadt, G.L. (2019) ‘Gender equality and gender norms: framing 

the opportunities for health.’ Lancet, 393(10190), pp. 2550–2562. 

https://doi.org/10.1016/S0140-6736(19)30651-8 

Habtemariam, A., Tegegni, G. E. Azage, T. (2015) ‘Agricultural knowledge management: The case of  

cattle feed quality improvement in Bure district west Gojjam.’ Ethiop. J. Agric. Ext. Rural 

Dev., 7(1), pp. 1-7. http://doi.org /10.5897/JAERD2014.0641   

Hakkarainen, V., Mäkinen-Rostedt, K., Horcea-Milcu, A., D'amato, D., Jämsä, J. & Soini, K. (2022) 

‘Transdisciplinary research in natural resources management: Towards an integrative and 

transformative use of co-concepts.’ Sustain. Dev., 30(2), pp.309-325. 

https://doi.org/10.1002/sd.2276  



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       217 

Halcomb, E. J. & Andrew, S. (Eds.) (2009) ‘Mixed methods research for nursing and the health 

sciences.’ London; England, Wiley-Blackwell.  

Hallegatte, S., Vogt-Schilb, A., Bangalore, M. & Rozenberg, J. (2016) ‘Unbreakable: building the resilience of 

the poor in the face of natural disasters.’ Climate Change and Development. Washington, D.C. World 

Bank Group. [Accessed on 10/06/2022]. 

Hammarberg, K., Kirkman, M. & de Lacey, S. (2016) ‘Qualitative research methods: when to use 

them and how to judge them.’ Hum. Reprod., 31(3), pp.498–501. 

https://doi.org/10.1093/humrep/dev334 

Hamooya, C., &Ngoma, M. (2019) ‘Agricultural information provision for enhancing crop 

productivity in Chibombo district of Zambia.’ ZAJLIS, 3(1-2), pp. 31-32. 

https://zajlis.unza.zm/index.php/journal/article/view/23 

Hampson, K. J., Chapota, R., Emmanuel, J., Tall, A., Huggins-Rao, S., Leclair, M., Perkins, K., Kaur, H. 

& Hansen, J. (2014) ‘Delivering climate services for farmers and pastoralists through 

interactive radio: scoping report for the GFCS Adaptation Programme in Africa.’ CCAFS 

Working Paper no. 111. Copenhagen, Denmark. CGIAR Research Program on Climate 

change, Agriculture and Food Security (CCAFS). [Accessed on 15/07/2022]. 

https://hdl.handle.net/10568/65728 

Hansen, J., Sato, M. & Ruedy, R. (2013) ‘Reply to Stone et al: Human-made role in local temperature 

extremes.’ Proc. Natl. Acad. Sci. USA, 110(17), pp. E1544. http:// 

doi.org/10.1073/pnas.1301494110  

Hassan, R. & Nhemachena, C. (2008) ‘Determinants of African farmers’ strategies for adapting to 

climate change: Multinomial choice analysis.’ Afr. J. Agric. Resour. Econ., 2(1), pp. 83–104. 

http://doi.org/10.22004/ag.econ.56969 

Hassen, H., Neser, F.W.C, van Marle-Koster, E. & de Kock, A. (2007) ‘Phenotypic variation of native 

chicken population in northwest Ethiopia.’ Trop. Anim. Health Prod, 39(7), pp. 507–513. 

http://doi.org/10.1007/s11250-007-9032-2   

He, X. (2013) ‘Mainstreaming adaptation in integrated water resources management in China: from 

challenge to change.’ Water Policy, 15(6), pp. 895–921. 

https://doi.org/10.2166/wp.2013.084 

Hsieh, H-F. and Shannon, S.E. (2005) ‘Three Approaches to Qualitative Content Analysis.’ Qual. 

Health Res., 15(9), pp. 1277-1288. https://doi.org/10.1177/1049732305276687 

Horan J. (2020) ‘Slash and burn agriculture in Sub-Saharan Africa.’ Colorado School of Mines. 

[Accessed 03/02/2020].  

https://payneinstitute.mines.edu/slash-and-burn-agriculture-in-sub-saharan-africa/  
Holmes, A.G.D. (2020) ‘Researcher positionality: A consideration of its influence and place in 

qualitative research–A new researcher guide.’ SIJEd., 8(4), 1-10. 

Holling, C.S. (1973) ‘Resilience and stability of ecological systems.’ Annu. Rev. Ecol. Evol. Syst, 4, pp. 

1–23. https://doi.org/10.1146/annurev.es.04.110173.000245 

Holling, C.S. (1996) ‘Surprise for science, resilience for ecosystems and incentives for people.’ Ecol. 

Appl., 6(3), pp. 733-735. https://doi.org/10.2307/2269475 



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       218 

Hooli, L.J. (2016) ‘Resilience of the poorest: Coping strategies and indigenous knowledge of living 

with the floods in Northern Namibia.’ Reg. Environ. Change, 16(3), pp. 695–707. 

https://doi.org/10.1007/s10113-015-0782-5 

Horsley, J., Prout, S., Tonts, M. & Ali, S.H. (2015) ‘Sustainable livelihoods and indicators for regional 

development in mining economies.’ The Extr. Ind. Soc., 2(2), pp. 368-380. 

https://doi.org/10.1016/j.exis.2014.12.001 

Hoterova, K. & Dvorak, Z. (2020) ‘Comparative analysis of the resilience and vulnerability of the 

railway infrastructure.’ MEST J., 8(2), pp.100-106. 

https://doi.org/10.12709/mest.08.08.02.10 

Houssou, N., Diao, X., Cossar, F., Kolavalli, S., Jimah, K. & Aboagye, P. (2013) ‘Agricultural 

mechanization in Ghana: Is specialization in agricultural mechanization a viable business 

model?’ IFPRI Discussion Paper no. 01255. World Bank. Development Strategy and 

Governance Division. [Accessed 16/12/2023]. 

https://openknowledge.worldbank.org/handle/10986/23993 

Howarth, C., Lane, M., Morse-Jones, S., Brooks, K. & Viner, V. (2022) ‘The ‘Co’ in co-production of 

climate action: Challenging boundaries within and between science, policy and practice.’ 

Glob. Environ. Change, 72, pp. 102445. https://doi.org/10.1016/j.gloenvcha.2021.102445 

Hudson, P. (2020) ‘The affordability of flood risk property-level adaptation measures.’ Risk Anal Int. 

J., 40(6), pp. 1151-1167. https://doi.org/10.1111/risa.13465 

Iaccarino, M. (2003) ‘Science and culture: Western science could learn a thing or two from the way 

science is done in other cultures.’ EMBO Rep., 4(3), pp.220-223. 

https://doi.org/10.1038/sj.embor.embor781 

IIED (2015) ‘Vulnerable communities: Getting their needs and knowledge into climate policy.’ IIED 

briefing, IIED, London, UK. [Accessed 19/09/2024]. https://pubs.iied.org/ 

pdfs/17328IIED.pdf 

Ifejika Speranza, C. (2010) ‘Resilient adaption to Climate change in African agriculture.’ Deutsches 

Institut für Entwicklungspolitik, Bonn 

Ifejika Speranza, C., Kiteme, B., Ambenje, P., Wiesmann, U. & Makali, S. (2010) ‘Indigenous 

knowledge related to climate variability and change: Insights from droughts in semi-arid 

areas of former Makueni District, Kenya.’ Clim. Change, 100(2), pp.295-315. 

https://doi.org/10.1007/s10584-009-9713-0 

Imurana, B., Kilu, R.H. & Annin-Bonsu, N.K. (2014) ‘The politics of public policy and problems of 

implementation in Africa: An appraisal of Ghana's national health insurance scheme in Ga 

East District.’ Int. J. Soc. Sci. Humanity Stud., 4(4), pp. 196-207. 

Irumva, O., Twagirayezu, G. & Nizeyimana, J. (2021) ‘The need of incorporating Indigenous 

knowledge systems into modern weather forecasting methods.’ J. Environ. Prot. Ecol., 9, pp. 

55-70. https://doi.org/10.4236/gep.2021.92004  

Ingram, J., Chiswell, H., Mills, J., Debruyne, L., Cooreman, H., Koutsouris, A., Alexopoulos, Y., Pappa, 

E. & Marchand, F. (2021) ‘Situating demonstrations within contemporary agricultural 

advisory contexts: analysis of demonstration programmes in Europe.’  J. Agric. Edu. 

Ext., 27(5), pp.615-638. https://doi.org/10.1080/1389224X.2021.1932534 

https://doi.org/10.12709/mest.08.08.02.10


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       219 

Ingram, J., Dyball, R., Howden, M., Vermeulen, S., Ganett, T., Redlingshöfer, B., Guilbert, S. & 

Porter, J. (2016) ‘Food security, food systems, and environmental change.’ Solutions, 7(3), 

pp. 63-73. https://www.thesolutionsjournal.com/article/food-security-food-systems-

environmental-change/ 

Ingram, K.T., Roncoli, M.C. & Kirshen, P.H. (2002) ‘Opportunities and constraints for farmers of 

West Africa to use seasonal precipitation forecasts with Burkina Faso as a case study.’ Agric. 

Syst., 74(3), pp. 331-349. http://dx.doi.org/10.1016/S0308-521X(02)00044-6  

Ingty, T. (2017) ‘High Mountain communities and climate change: Adaptation, traditional ecological  

knowledge, and institutions.’ Clim. Change, 145(1), pp.41-55. 

https://doi.org/10.1007/s10584-017-2080-3 

IPBES (2018) ‘Summary for policymakers of the assessment report on land degradation and 

restoration of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem 

Services.’ In. R. Scholes, L. Montanarella, A. Brainich, N. Barger, B. ten Brink, M. Cantele, B.J. 

Fisher, T. et al. (eds.). IPBES secretariat, Bonn, Germany. 44 pp. [Accessed on 16/12/2023]. 

https://www.researchgate.net/publication/332767536._ 

IPBES, (2021) ‘Regional assessment report on biodiversity and ecosystem services for Africa.’ 

[Accessed 19/09/2024]. https://ipbes.net/assessment-reports/africa 

IPCC (2007) ‘Climate Change 2007. Impacts, adaptation and vulnerability. Synthesis report.’ The 

Working Group II Contribution to the IPCC, Fourth Assessment Report. Cambridge University 

Press, Cambridge. [Accessed on 16/12/2023] 

IPCC, (2012) ‘Managing the risks of extreme events and disasters to advance climate change  

adaptation’: A Special Report of Working Groups I & II of the IPCC. Cambridge: Cambridge 

University Press 

IPCC (2014) ‘Climate Change 2014 – Impacts, adaptation and vulnerability: Part B’: Regional Aspects 

Working Group II Contribution to the IPCC, Fifth Assessment Report, 2. Cambridge 

University Press, Cambridge.  

IPCC (2014) ‘Climate Change: Impacts, adaptation, and vulnerability. Part A: Global and sectoral 

aspects. Contribution of Working Group II to the Fifth Assessment Report of the IPCC. 

Cambridge University Press, Cambridge. [Accessed on 16/12/2023]. 

IPCC (2018) ‘Annex I: Glossary.’ Matthews, J.B.R. (ed.) In: Global Warming of 1.5°C. An IPCC Special 

Report on the impacts of global warming of 1.5°C above pre-industrial levels and related 

global greenhouse gas emission pathways, in the context of strengthening the global 

response to the threat of climate change, sustainable development, and efforts to eradicate 

poverty [Masson-Delmotte, V., P. Zhai, H.-O. Pörtner, D. Roberts, J. Skea, P.R. Shukla, A. 

Pirani, W. Moufouma-Okia, C. Péan, R. Pidcock, S. Connors, J.B.R. Matthews, Y. Chen, X. 

Zhou, M.I. Gomis, E. Lonnoy, T. Maycock, M. Tignor, & T. Waterfield (eds.)]. [Accessed 

16/12/2023]. https://www.ipcc.ch/site/assets/uploads/sites/2/2019/05/SR15Citation.pdf 

IPCC (2019b) ‘IPCC special report on the ocean and cryosphere in a changing climate’ [Pörtner, H.-

O., D.C. Roberts, V. Masson-Delmotte, P. Zhai, M. Tignor, E. Poloczanska, K. Mintenbeck, A. 

Alegría, M. Nicolai, A. Okem, J. Petzold, B. Rama and N. M. Weyer (eds.)]. In press pp. 

[Accessed 19/09/ 2024]. https://www.ipcc.ch/srocc/download/ 



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       220 

IPCC, (2021) ‘Summary for policymakers. In: Climate change 2021: The physical science basis.’ 

Contribution of Working Group I to the Sixth Assessment Report of the IPCC. [Masson-

Delmotte, V., P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. 

Goldfarb, M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, T.K. Maycock, T. 

Waterfield, O. Yelekçi, R. Yu, and B. Zhou (eds.)]. Cambridge University Press, Cambridge, 

United Kingdom and New York, USA, pp. 3−32. [Accessed on 16/12/2023]. 

https://doi.10.1017/9781009157896.001 

IPCC (2022) ‘Climate change 2022: Impacts, adaptation and vulnerability. Contribution of working 

group II to the Sixth assessment report of the IPCC [H.-O. Pörtner, D.C. Roberts, M. Tignor, 

E.S. Poloczanska, K. Mintenbeck, A. Alegría, M. Craig, S. Langsdorf, S. Löschke, V. Möller, A. 

Okem, B. Rama (eds.)]. Cambridge University Press, Cambridge, UK and New York, USA, 

3056 pp. [Accessed on 16/12/2023]. https://doi.10.1017/9781009325844 

Jacobson D. & Mustafa N. (2019) ‘Social identity map: A reflexivity tool for practicing explicit 

positionality in critical qualitative research.’ Int. J. Sci. Res., 18, pp. 1–

12. https://doi.org/10.1177/1609406919870075 

Jagannathan, K., Arnott, J.C., Wyborn, C., Klenk, N., Mach, K.J., Moss, R.H. & Sjostrom, K.D. (2020) 

‘Great expectations? Reconciling the aspiration, outcome, and possibility of co-

production.’ Curr. Opin. Environ. Sustain., 42, pp.22-29. 

https://doi.org/10.1016/j.cosust.2019.11.010 

James, R. & Washington, R. (2013) ‘Changes in African temperature, and precipitation associated 

with degrees of global warming.’ Clim. Change, 114(4), pp. 859–872. 

https://doi.org/10.1007/s10584-012-0581-7 

Janssen, M.A. & Ostrom, E. (2006) ‘Resilience, vulnerability, and adaptation: A cross-cutting theme 

of the international human dimensions programme on global environmental change.’ Glob. 

Environ. Change, 16(3), pp.237-239. https://doi.org/10.1016/j.gloenvcha.2006.04.003 

Jarvis, A., Ramirez-Villegas, J., Campo, B.V.H. and Navarro-Racines, C.E. (2012) ‘Is Cassava the  

answer to African climate change adaptation?’ Trop. Plant Biol., 5(1), pp.9-29. 

https://doi.org/10.1007/s12042-012-9096-7 

Jiri, O., Mafongoya, P.L., Mubaya, C. & Mafongoya, O. (2016) ‘Seasonal climate prediction and 

adaptation using indigenous knowledge systems in agriculture systems in Southern Africa: A 

review.’ J. Agric. Sci., 8(5), pp. 156. https://doi.org/10.5539/jas.v8n5p156 

Johnson, M. (Ed.). (1992) ‘Lore: Capturing traditional environmental knowledge.’ Ottawa, Ontario: 

Dene Cultural Institute, International Development Research Center. 

Johnson, R.B. (2017) ‘Dialectical pluralism: A metaparadigm whose time has come.’ J. Mix. Methods 

Res., 11(2), pp. 156-173. https//doi.org/10.1177/1558689806298224 

Johnson, R.B., Onwuegbuzie, A.J. & Turner, L.A. (2007) ‘Toward a definition of mixed methods 

research.’ J. Mix. Methods Res, 1(2), pp. 112-133. 

https://doi.org/10.1177/1558689806298224 

Jones, L. & Boyd, E. (2011) ‘Exploring social barriers to adaptation: Insights from western 

Nepal.’ Glob. Environ. Change, 21(4) pp. 1262-1274. 

https://doi.org/10.1016/j.gloenvcha.2011.06.002   



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       221 

Jordan, A. & Lenschow, A. (2010) ‘Environmental policy integration: a state-of-the-art review.’ 

Environ. Policy Gov., 20(3), pp.147–158. https://doi.org/ 10.1002/eet.539. 

Josiah, M.N., Bani, R.J. & Mahama, A.A. (2008) ‘Availability of energy and agricultural 

mechanization in Ghana.’ J. Food Agric. Environ., 6(2) pp. 170. 

Kagunyu, A., Wandibba, S. & Wanjohi, J.G. (2016) ‘The use of indigenous climate forecasting 

methods by the pastoralists of Northern Kenya.’ Pastoralism, 6(1). 

https://doi.org/10.1186/s13570-016-0054-0 

Kangmennaang, J. Kerr, B., Lupafya, E., Dakishoni, L., Katundu M. & Luginaah I. (2017) ‘Impact of a 

participatory agroecological development project on household wealth and food security in 

Malawi.’ Food Secur., 9(2), pp. 561-576. https://doi.org/10.1007/s12571-017-0669-z 

Kankam-Yeboah, K., Obuobie, E., Amisigo, B. & Opoku-Ankomah, Y. (2013) ‘Impact of climate 

change on streamflow in selected river basins in Ghana.’ Hydrol. Sci. J., 58(4), pp. 773-

788.https://doi.org/10.1080/02626667.2013.782101   

Kansanga, M., Andersen, P., Kpienbaareh, D., Mason-Renton, S., Atuoye, K., Sano, Y., Antabe, R. & 

Luginaah, Y. (2018) ‘Traditional agriculture in transition: examining the impacts of 

agricultural modernization on smallholder farming in Ghana under the new Green 

Revolution.’ Int. J. Sustain. Dev. World Ecol., 6(1), pp. 11-24. 

https://doi.org/10.1080/13504509.2018.1491429 

Kansiime, M.K & Mastenbroek, A. (2016) ‘Enhancing resilience of farmer seed system to climate-

induced stresses: Insights from a case study in West Nile region.’ Uganda. J. Rural Stud., 47, 

pp.230.  https://doi.org/10.1016/j.jrurstud.2016.08.004 

Kargbo, J.A. (2006) ‘Indigenous knowledge and library work in Sierra Leone.’ J. Libr. Inf. Sci., 38(2), 

pp. 71–78. https://doi .org/10.1177/0961000606063887 

Karki, S., Burton, P. & Mackey, B. (2020) ‘The experiences and perceptions of farmers about the 

impacts of climate change and variability on crop production: A review.’ Clim. Dev., 12(1), 

pp.1-16. https://doi.org/10.1080/17565529.2019.1603096 

Kates, R.W., Travis, W.R. & Wilbanks, T.J. (2012) ‘Transformational adaptation when incremental  

adaptations to climate change are insufficient.’ PNAS, 109(19), pp. 7156–7161. 

www.pnas.org/cgi/doi/10.1073/pnas.1115521109 

Kawagley, A. O. (1995). ‘A Yupiaq worldview.’ Prospect Heights, IL: Waveland Press.  

Kerr R.B., Kangmennaang J., Dakishoni L., Nyantakyi-Frimpong H., Lupafya E., Shumba L., Msachi R., 

Boateng G.O., Snapp S.S., Chitaya A. & Maona E. (2019) ‘Participatory agroecological 

research on climate change adaptation improves smallholder farmer household food 

security and dietary diversity in Malawi.’ Agric. Ecosyst. Environ., 279(C), pp. 109-121. 

https://doi.org/10.1016/j.agee.2019.04.004 

Kerr, J. & Sanghi, N.K. (1991) ‘The Logic of recommended and Indigenous soil and moisture 

conservation practices.’ Paper presented at the Workshop on Farmers' Practices and Soil 

and Water Conservation Programmes held at ICRISAT Center, India Patencheru, India, 19-21 

June 1991. pp.13-14. [Accessed 16/12/2023]. 

https://core.ac.uk/download/pdf/211009328.pdf  



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       222 

Kgosikoma, K.R., Lekota, P.C.& Kgosikoma, O.E. (2017) ‘Agro pastoralists determinants of 

adaptation to climate change.’ Int. J. Clim. Change Strateg. Manag., 10(3), pp. 488-

500. https://doi.org/10.1108/IJCCSM-02-2017-0039 

Khan, N.A., Qijie, G., Sertse, S.F., Nabi, M.N. & Khan, P. (2019) ‘Farmers’ use of mobile phone-based 

farm advisory services in Punjab, Pakistan.’ Inf. Dev., 36(3), pp. 390-402. 

https://doi.org/10.1177/0266666919864126 

Kibue, G.W., Pan, G., Joseph, S., Xiaoyu, L., Jufeng, Z., Zhang, X. & Li L. (2015) ‘More than two 

decades of climate change alarm: Farmers’ knowledge, attitudes, and perceptions.’ Afr. J. 

Agric. Res., 10(27), pp. 2617-2625. https://doi.org/ 10.5897/AJAR2013.8350 

Kidido, J.K., Bugri, J.T. & Kasanga, R.K. (2017) ‘Dynamics of youth access to agricultural land under 

the customary tenure regime in the Techiman traditional area of Ghana.’ Land Use Policy, 

60, pp. 254-266. 

Kim, E.J.A., Asghar, A. & Jordan, S. (2017) ‘A critical review of traditional ecological knowledge (TEK) 

in science education.’ Can. J. Sci. Math. Technol. Educ., 17(4), pp.258-270. 

https://doi.org/10.1080/14926156.2017.1380866 

Kiteme, B.P., Liniger, H., Notter, B., Wiesmann, U. & Kohler, T. (2008) ‘Dimensions of global change 

in African mountains: The example of Mount Kenya regions.’ Laboratories for Adaptation, 1, 

pp. 18-22. 

Klenk, N., Fiume, A., Meehan, K. & Gibbes, C. (2017) ‘Local knowledge in climate adaptation 

research: Moving knowledge frameworks from extraction to co-production.’ Wiley 

Interdiscip. Rev.: Clim. Change, 8(5), pp. e475. https://doi.org/10.1002/wcc.475 

Kok, M.T.J. & de Coninck, H.C. (2007) ‘Widening the scope of policies to address climate change: 

directions for mainstreaming.’ Environ. Sci. Policy, 10(7-8), pp. 587–599. 

https://doi.org/10.1016/j.envsci.2007.07.003 

Kolawole, O.D., Wolski, P., Ngwenya, B. & Mmopelwa, G. (2014) ‘Ethno-meteorology and scientific 

weather forecasting: small farmers and scientists’ perspectives on climate variability in the 

Okavango Delta, Botswana.’ Clim. Risk Manag., 4-5, pp. 43–58. 

https://doi.org/10.1016/j.crm.2014.08.002 

Koohafkan, P. & Altieri, M.A. (2011) ‘Globally important agricultural heritage systems: a legacy for 

the future.’ Rome: FAO, UN. p. 41. [Accessed 16/09/2022]. 

https://www.fao.org/4/i1979e/i1979e.pdf 

Korhonen-Kurki, K., Bor, S., Faehnle, M., Kosenius, A.K., Kuusela, S., Käyhkö, J., Pekkonen, M., 

Saarikoski, H. & Keskinen, M. (2022) ‘Empirical insights into knowledge-weaving processes in 

strategic environmental research.’ J. Environ. Policy Plan., 24(6), pp.733-748. 

 https://doi.org/10.1080/1523908X.2022.2044296 

Krippendorff, K. (2018) ‘Content analysis: An introduction to its methodology.’ Sage publications. 

Kugbega, S.K., & Aboagye, P.Y. (2021) ‘Farmer-herder conflicts, tenure insecurity and farmer’s 

investment decisions in Agogo, Ghana.’ Agricu. Food Econ., 9(1), pp. 1-38. 

https://doi.org/10.1186/s40100-021-00186-4 



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       223 

LaDuke, W. (1994) ‘Traditional ecological knowledge and environmental futures. Endangered 

Peoples: Indigenous Rights and the Environment.’ University of Colorado Press: Colorado, 

USA. Colorado J. Int. Environ. L. Pol. 

Lal, R. (2021) ‘Climate change and agriculture.’ In: T. M. Letcher (ed.). Climate Change [3rd edition] 

Observed impacts on planet earth. Elsevier, pp. 661-686. https://doi.org/10.1016/B978-0-

12-821575-3.00031-1 

Lamontagne-Godwin, J., Williams, F.E., Aslam, N., Cardey, S., Cardy, P., Dorward, P. & Almas, M. 

(2018) ‘Gender differences in use and preferences of agricultural information sources in 

Pakistan.’ J. Agric. Edu. Ext., 24(5), pp. 419-434. 

https://doi.org/10.1080/1389224X.2018.1491870  

Langill, S. (1999) ‘Indigenous knowledge: A resource kit for sustainable development researchers in 

dryland Africa.’ People, Land and Water Program Initiative, IDRC, Ottawa, Canada. 

http://www.idrc/plaw/11e-IK.html 

Larkin, J., Ascierto, P.A., Dréno, B., Atkinson, V., Liszkay, G., Maio, M., Mandalà, M., Demidov, L.,  

Stroyakovskiy, D., Thomas, L. & de la Cruz-Merino, L. (2014) ‘Combined vemurafenib and 

cobimetinib in BRAF-mutated melanoma.’ N. Engl. J. Med., 371(20), pp.1867-1876. 

https://doi.org/10.1056/NEJMoa1408868 

Latruffe, L. & Piet, L. (2014) ‘Does land fragmentation affect farm performance? A case study from 

Brittany, France.’ Agric. Syst., 129, pp.68-80. https://doi.org/10.1016/j.agsy.2014.05.005 

Latulippe, N. & Klenk, N. (2020) ‘Making room and moving over: Knowledge co-production, 

indigenous knowledge sovereignty and the politics of global environmental change decision-

making.’ Curr. Opin. Environ. Sustain., 42, pp.7-14. 

https://doi.org/10.1016/j.cosust.2019.10.010 

Lazard, L. & McAvoy, J. (2017) ‘Doing reflexivity in psychological research – What’s the point? 

What’s the practice?’ Qual. Res. Psychol., 17(1), pp.159-177. 

https://doi.org/10.1080/14780887.2017.1400144 

Lazo, J. K., R. S. Raucher, T. J. Teisberg, C. J. Wagner, & R. F. Weiher (2009) ‘Primer on economics for 

national meteorological and hydrological services.’ WMO, 47 pp. [Accessed17/08/2022]. 

https://www.wmo.int/pages/prog/amp/pwsp/documents/Primer_on_Economics_for_NMH 

2008_01.pdf 

Leal Filho, W., Esilaba, A.O., Rao, K.P. & Sridhar, G. (2015) ‘Adapting African agriculture to climate 

change: Transforming rural livelihoods.’ Springer, Berlin, 

Germany. https://oar.icrisat.org/10630/ 

Leal Filho, W., Matandirotya, N.R., Lütz, J.M., Alemu, E.A., Brearley, F.Q., Baidoo, A.A., Kateka, A, 

Ogendi, G.M., Adane, G.B., Emiru, N & Mbih, R.A. (2021) ‘Impacts of climate change to 

African indigenous communities and examples of adaptation responses.’ Nat. Commun., 12 

(1), pp.1-5. https://doi.org/10.1038/s41467-021-26540-0 

Lebel, L. (2013) ‘Local knowledge and adaptation to climate change in natural resource-based 

societies of the Asia-Pacific.’ Miti. Adapt. Strategy Glob. Change, 18(7), pp. 1057-1076. 

https://doi.org/10.1007/s11027-012-9407-1 



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       224 

Lebel, L., Li, L., Krittasudthacheewa, C., Juntopas, M., Vijitpan, T., Uchiyama, T. & Krawanchid, D. 

(2012) ‘Mainstreaming climate change adaptation into development planning.’ Bangkok: 

Adaptation Knowledge Platform and Stockholm Environment Institute. p.32. [Accessed on 

16/07/2022]. 

https://mediamanager.sei.org/documents/Publications/mainstreaming%20climate%20chan

e.pdf 

Leiserowitz, A.A. (2005) ‘American risk perceptions: Is climate change dangerous?’ Risk Anal., 25(6), 

pp.1433–1442. https://doi.org/10.1111/j.1540-6261.2005.00690.x 

Lesperance, A. (2017) ‘Indigenous traditional knowledge remains marginalized in Canada’s 

Healthcare System.’ [Accessed 17/08/2022]. https://www.abs

 canada.org/featured/indigenous-traditional-knowledge-remains-marginalized-in-

canadashealthcare-system/ 

Letson, D., Love, I., Podestá, G., Royce, F., Brescia, V., Lema, D. & Parellada, G. (2001) ‘User 

perspectives of climate forecasts: crop producers in Pergamino, Argentina.’ Clim. Res., 19(1), 

pp. 57–67. http://doi.org/10.3354/cr019057 

Levine, J. M. & Tindale, R.S. (2015) ‘Social influence in groups.’ In M. Mikulincer, P. R. Shaver, J. F. 

Dovidio, & J. A. Simpson (Eds.), APA handbook of personality and social psychology, 2 Group 

processes, pp. 3–34. American Psychological Association. Washington, DC. 

https://doi.org/10.1037/14342-001 

Levine, S., Pain, A., Bailey, S. & Fan, L. (2012) ‘The relevance of ‘resilience’?’ HPG Policy Brief 49. 

London: HPG 

Lewis, J. and Kelman, I. (2010) ‘Places, people and perpetuity: Community capacities in ecologies of  

catastrophe’ ACME: Int. J. Crit. Geogr., 9 (2), pp.191–22. 

https://doi.org/10.14288/acme.v9i2.866 

Liberatore, A. (1997) ‘The integration of sustainable development objectives into EU policymaking: 

Barriers and prospects.’ In: Baker S., Kousis M., Richardson D., Young S. (eds) The politics of 

sustainable development: theory, policy, and practice within the European Union. Routledge, 

London/New York, pp. 107–126. 

Lindoso, D.P. (2017) ‘Vulnerability and resilience: potentials, convergences and limitations in 

Interdisciplinary research.’ Ambient Soc., 20(04), pp.127-144. https://doi.org/10.1590/1809-

4422asoc0248r1v2042017 

Lio, M. & Liu, M.C. (2006) ‘ICT and agricultural productivity: Evidence from cross-country 

data.’ Agric. Econ., 34(3), pp. 221–228. https://doi.org/10.1111/j.1574-864.2006.00120.x 

Liverpool-Tasie, L.S.O., Turna, N.S., Ademola, O., Obadina, A. & Wu, F. (2019) ‘The occurrence and 

co-occurrence of aflatoxin and fumonisin along the maize value chain in southwest Nigeria.’ 

Food Chem Toxicol., 129(S2), pp. 458-465. https://doi.org/10.1016/j.fct.2019.05.008 

Local Governance Services (2018) ‘Agriculture department operational manual.’ Establishment, 

Operationalization and Management for MMDAs. 31–December. Accra. Office of the head 

of the LGS. [Accessed 15/06/2021]. https://lgs.gov.gh/operational-manuals-

fordepartments/ 

https://www.sciencedirect.com/journal/food-and-chemical-toxicology/vol/129/suppl/C


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       225 

Lodhi, S. & Mikulecky, P. (2010) ‘Management of indigenous knowledge for developing countries.’ 

Conference: Proceedings of the 2010 International Conference on Communication and 

Management in Technological Innovation and Academic Globalization. Puerto De La Cruz, 30 

November-2 December 2010. P. 94-98. [Accessed on 15/06/2021]. 

Löfmarck, E. & Lidskog, R. (2017) ‘Bumping against the boundary: IPBES and the knowledge divide.’ 

Environ. Sci. Policy, 69, pp.22-28. https://doi.org/10.1016/j.envsci.2016.12.008 

Lorenc, T., Tyner, E., Petticrew, M., Duffy, S., Martineau, F., Phillips, G. and Lock, K. (2014) ‘Cultures 

of evidence across policy sectors: Systematic review of qualitative evidence.’ Eur. J. Public 

Health, 24, 1041–1047. https://doi.org/10.1093/eurpub/cku038  

Lorenzoni, I. & Hulme, M. (2009) ‘Believing is seeing: Laypeople’s views of future socio-economic 

and climate change in England and Italy.’ Public Underst. Sci., 18(4), pp. 383–400. 

https://doi.org/10.1177/0963662508089540 

Lu, H., Xie, H., He, Y., Wu, Z. & Zhang, X. (2018) ‘Assessing the impacts of land fragmentation and 

plot size on yields and costs: A translog production model and cost function approach.’ 

Agric. Syst., 161, pp. 81-88. https://doi.org/10.1016/j.agsy.2018.01.001 

Lwoga, E.T., Ngulube, P. & Stilwell, C. (2010) ‘Managing indigenous knowledge for sustainable 

agricultural development in developing countries: Knowledge management approaches in 

the social context.’ Int. Inf. Libr. Rev., 42(3), pp. 174-185. https://doi.org/ 

10.1080/10572317.2010.10762862 

Lwogo, E.T., Ngulube, P. & Stilwell, C. (2014) ‘Information needs and information seeking behaviour 

of small-holder farmers in Tanzania.’ Innovation, 40(1), pp. 82-103. 

https://doi.org/10.4314/innovation.v40i1.60088 

Ma, A., Bohan, D.A., Canard, E., Derocles, S.A.P., Gray, C., Lu, X. & Kratina, P. (2018) ‘A replicated network 

approach to ‘Big Data’ in Ecology.’ Adv. Ecol. Res., 59, pp. 225–264. https://doi. 

org/10.1016/bs.aecr.2018.04.001  

Maarouf, H. (2019) ‘Pragmatism as a supportive paradigm for the mixed research approach:  

Conceptualizing the ontological, epistemological, and axiological stances of pragmatism.’ 

Int. Bus. Res., 12(9). https://doi.org/10.5539/ibr.v12n9p1 

Mabe, F.N., Sienso, G. & Donko, S. (2014) ‘Determinants of choice of climate change adaptation 

strategies in Northern Ghana.’ Resour. Appl. Econ., 6(4). 

https://doi.org/10.5296/rae.v6i4.6121 

Madar, M.J., Sulub, MA. & Omar, A.A. (2024) ‘A hybrid framework for sustaining and managing  

Somali indigenous knowledge.’ Int. J. Adv. Comput. Sci., 12(2), pp. 33–43. 

https://doi.org/10.14419/gt310502 

Mafongoya, P.L., Jiri, O., Mubaya, C.P. & Mafongoya, O. (2017) ‘Using indigenous knowledge for  

seasonal quality prediction in managing climate risk in sub-Saharan Africa.’ In: In 

Mafongoya, P.L. and O.C. Ajayi (eds.). Indigenous knowledge systems and climate change 

management in Africa. The Technical Centre for Agricultural and Rural Cooperation (CTA), 

Wageningen, The Netherlands, pp. 43. 

Maguire, B. and Cartwright, S. (2008) ‘Assessing a community's capacity to manage change: A  

resilience approach to social assessment.’ Canberra: Bureau of Rural Sciences. 

http://dx.doi.org/10.1080/10572317.2010.10762862
http://dx.doi.org/10.5296/rae.v6i4.6121


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       226 

Maguire-Rajpaul, V.A., Khatun, K. & Hirons, M.A. (2020) ‘Agricultural information impact on the 

adaptive capacity of Ghana’s smallholder cocoa farmers.’ Front. Sustain. Food Syst., 4(28), 

pp. 1-19. https://doi.org/10.3389/fsufs.2020.00028 

MLFM (2006) ‘National Wildfire Management Policy.’ Ministry of Lands, Forestry and Mines, Ghana. 

Mahony, M. & Hulme, M. (2016) ‘Epistemic geographies of climate change: Science, space, and 

politics.’ Prog. Hum. Geogr., 42, pp. 395-424. https://doi.org/10.1177/0309132516681485 

Makate, C. (2019) ‘Local institutions and indigenous knowledge in adoption and scaling of climate-

smart agricultural innovations among sub-Saharan smallholder farmers.’ Int. J. Clim. Change 

Strateg. Manag., 12(2), pp. 270–287. https://doi.org/10.1108/IJCCSM-07-20180055 

Makondo, C., & Thomas, D.S. (2018) ‘Climate change adaptation: Linking indigenous knowledge 

with western science for effective adaptation.’ Environ. Sci. Policy, 88, pp. 83–91. 

https://doi.org/10.1016/j.envsci.2018.06.014 

Mandel, J.L. (2003) ‘Negotiating expectations in the field: Gatekeepers, research fatigue and 

cultural biases.’ Singap. J. Trop. Geogr., 24(2), pp. 198-210. https://doi.org/10.1111/1467-

9493.00152 

Mansor, Z., Rosnah, I., Ismail N.H. & Hasham, J.H. (2019) ‘Effects of hydration practices on the 

severity of heat-related illness among municipal workers during a heat wave 

phenomenon.’ Malays. J. Med., 74(4), pp. 275-280. 

Mao L., Akram A. M., Chovanec D. & Underwood M. L. (2016) ‘Embracing the spiral: Researcher 

reflexivity in diverse critical methodologies.’ Int. J. Qual. Methods, 15, pp. 1–

8. https://doi.org/10.1177/1609406916681005 

Mapfumo, P., Mtambanengwe, F. & Chikowo, R. (2015) ‘Building on indigenous knowledge to 

strengthen the capacity of smallholder farming communities to adapt to climate change and 

variability in southern Africa.’ Clim. Dev., 8(1), pp. 72-82. 

http://doi.org/10.1080/17565529.2014.998604  

Mapiye, O., Makombe, G., Mapiye, C. & Dzama K. (2019) ‘Management information sources and 

communication strategies for commercially oriented smallholder beef cattle producers in 

Limpopo Province, South Africa.’ Outlook Agric. 2020, 49(1), pp. 50–56. 

https://doi.org/10.1177/0030727019860273   

Mapiye, O., Makombe, G., Molotsi, A., Dzama, K. & Mapiye, C. (2021) ‘Information and 

communication technologies (ICTs): The potential for enhancing the dissemination of 

agricultural information and services to smallholder farmers in sub-Saharan Africa.’ Inf. Dev., 

9(4), pp. 1-21. https://doi.org/10.1177/02666669211064847 

Marie, M., Yirga, F. & Haile, M. (2020) ‘Farmers' choices and factors affecting adoption of climate 

change adaptation strategies: evidence from northwestern Ethiopia’ Heliyon, 6(4), pp.1-

10https://doi.org/10.1016/j.heliyon.2020.e03867 

Martel, R., Shepherd, M. & Goodyear-Smith, F. (2022) ‘He awa whiria—A “Braided River”: An 

Indigenous Māori Approach to Mixed Methods Research.’ J. Mix. Methods Res., 16(1) pp. 

17-33. https://doi.org/10.1177/1558689820984028 

Marques, V., Ursi, S., Edneusa, L.S. & Geisly, K. (2020) ‘Environmental perception: Notes on 

transdisciplinary approach.’ Sci. J. Biol. Sci., 1(2), pp.1-9. 

http://dx.doi.org/10.1177/0309132516681485
http://dx.doi.org/10.1108/IJCCSM-07-2018-0055
http://dx.doi.org/10.1016/j.envsci.2018.06.014


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       227 

https://doi.org/10.33552/SJBLS.2020.01.000511 

Matita, M., Chirwa, E.W., Kaiyatsa, S., Mazalale, J. & Chimombo, M. (2021) ‘Determinants of 

smallholder farmers' livelihood trajectories: Evidence from rural Malawi.’ Agric. Econ. Res., 

Policy Pract. South. Afr., 50, pp.5–22. https://doi.org/10.19088/APRA.2021.003 

Matuk, F.A., Turnhout, E., Fleskens, L., Do Amaral, E.F., Haverroth, M. & Gehagel, J.H. (2020b) 

‘Allying knowledge integration and co-production for knowledge legitimacy and usability: 

The amazonian SISA policy and the Kaxinawá indigenous people case.’ Environ. Sci. Policy, 

112, pp.1–9. https://doi.org/10.1016/j.envsci.2020.04.018 

Mayele, J.M., Kolleh, J.B. & Saburi, J.E. (2024) ‘The impacts and causes of land fragmentation on 

farm productivity: Case review of East African countries.’ Open J. Ecol., 14, pp. 455-482. 

https://doi.org/10.4236/oje.2024.145027 

Mazzocchi, F. (2018) ‘Under what conditions may western science and indigenous knowledge be 

jointly used and what does this really entail? Insights from a western perspectivist 

stance.’ Soc. Epistemol., 32(5), pp.325-337. 

https://doi.org/10.1080/02691728.2018.1527412 

Mbanda-Obura, S.A., Tabu, I.M. & Amudavi, D.M., et al. (2017) ‘Determinants of choice of 
agricultural information sources and pathways among sorghum farmers in Ndhiwa sub-
country, Western Kenya.’ Int. J. Agric. Ext., 7(2) pp. 125–135.  
https://doi.org/10.33687/ijae.007.02.2857 

Mbow, C., Rosenzweig, C., Barioni, L.G., Benton, T. G., Herrero, M., Krishnapillai, M. & Liwenga E. et 

al. (2019) ‘Food security supplementary material.’ In Climate Change and Land: An IPCC 

special report on climate change, desertification, land degradation, sustainable land 

management, food security, and greenhouse gas fluxes in terrestrial ecosystems. [P.R. 

Shukla, J. Skea, E. Calvo Buendia, V. Masson Delmotte, H.-O. Pörtner, D.C. Roberts, P. Zhai, 

R. Slade, S. Connors, R. van Diemen, M. Ferrat, E. Haughey, S. Luz, S. Neogi, M. Pathak, J. 

Petzold, J. Portugal Pereira, P. Vyas, E. Huntley, K. Kissick, M. Belkacemi, J. Malley, (eds.)]. 

[Accessed 15/06/2022]. 

https://www.ipcc.ch/site/assets/uploads/sites/4/2020/06/IPCCJ7230Land_SM5_200226.pdf 

McDonald, M. (2012) ‘Security, the environment and emancipation: Contestation over 

environmental change. 1st ed. Abingdon, Oxon. Routledge. [Accessed on 15/06/2022]. 

https://www.routledge.com/Security-the-Environment-and-Emancipation-Contestation-

overEnvironmental-Change/McDonald/p/book/9780415832632 

McEntire, D.A. (2001) ‘Triggering agents, vulnerabilities and disaster reduction: Towards a holistic 

paradigm.’ Disaster Prev. Manag: Int. J., 10(3), pp.189-196. 

https://doi.org/10.1108/09653560110395359 

Mclean, J.E. (2015) ‘Beyond the pentagon prison of sustainable livelihood approaches and towards 

livelihood trajectories approaches.’ Asia Pacific Viewpoint, 56(3), pp.380–391. 

https://doi.org/10.1111/apv.12097 

Maclaren, P. & Catterall, M. (2002) ‘Researching the social web: Marketing information from virtual 

communities.’ Mark. Intell. Plan., 20(6), 319-326. 

https://doi.org/10.1108/02634500210445374. 

http://dx.doi.org/10.33552/SJBLS.2020.01.000511


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       228 

Mantyka-Pringle, C.S., Jardine, T.D., Bradford, L., Bharadwaj, L., Kythreotis, A.P., Fresque-Baxter, J., 

Kelly, E., Somers, G., Doig, L.E., Jones, P.D. & Lindenschmidt, D-E. (2017) ‘Bridging science 

and traditional knowledge to assess cumulative impacts of stressors on ecosystem health.’ 

Environ. Int., 102, pp. 125-137. https://doi.org/10.1016/j.envint.2017.02.008 

Martel, R., Shepherd, M. & Goodyear-Smith, F. (2022) ‘He awa whiria—A ‘‘Braided River’’: An 

indigenous maori  approach to mixed methods research.’ J. Mix. Methods Res., 16(1), pp. 

17–33. https://doi.org/10.1177/1558689820984028 

McGuire, S., (2012) ‘WHO, World food programme, and international fund for agricultural 

development. 2012. The State of Food Insecurity in the World 2012. Economic growth is 

necessary but not sufficient to accelerate reduction of hunger and malnutrition.’ Rome, 

FAO. Adv Nutr., 4(1), pp.126-127. 

Mdhluli, T.D., Mokgoatšana, S., Kugara, S.L. & Vuma, L. (2021) ‘Knowledge management: 

Preserving, managing and sharing indigenous knowledge through digital library.’ HTS 

Teologiese Studies/Theological Studies, 77(2). pp. a6795. 

https://doi.org/10.4102/hts.v77i2.6795 

Meijer, S.S., Catacutan, D., Ajayi, O.C., Sileshi, G.W. & Nieuwenhuis, M. (2015) ‘The role of  

knowledge, attitudes, and perceptions in the uptake of agricultural and agroforestry 

innovations among smallholder farmers in sub-Saharan Africa.’ Int. J. Agric. Sustain., 13(1), 

pp.40–54. https://doi.org/10.1080/14735903.2014.912493   

Melka, Y., Kassa, H., Ketema, M., Abebaw, D. & Schmiedel, U. (2015) ‘The effect of drought risk 

perception on local people coping decisions in the Central Rift Valley of Ethiopia.’ J. Dev. 

Agric. Econ., 7(9), pp. 292-302. https://doi.org/10.5897/JDAE2015.0674 

MESTI, (2015) ‘Ghana’s Third National Communication to the UNFCCC, 2015.’ MESTI. Accra. 

[Accessed 17/08/2023]. GoG. https://unfccc.int/resource/docs/natc/ghanc3.pdf.  

MESTI, (2013) ‘Ghana National Climate Change Policy’ GoG, Accra. [Accessed 20/08/2022]. 

www.ghanaclimatechangepolicy.pdf  

Metag, J., Füchslin, T. & Schäfer, M.S. (2017) ‘Global warming’s five Germanys: A typology of 

Germans’ views on climate change and patterns of media use and information.’ Public 

Underst. Sci., 26(4), pp. 434-451. https://doi.org/10.1177/0963662515592558 

Meze-Hausken E. (2004) ‘Contrasting climate variability and meteorological drought with perceived 

drought and climate change in Northern Ethiopia.’ Clim. Resour., 27, pp. 19–31. 

http://doi.org/10.3354/cr027019 

Miller, C.A. & Wyborn, C. (2018) ‘Co-production in global sustainability: Histories and theories. 

Environ. Sci. Policy. https://doi.org/10.1016/j.envsci.2018.01.016 

Milner, H.R. (2007) ‘Race, culture, and researcher positionality: Working through dangers seen, 

unseen, and unforeseen.’ Educ. Res., 36(7), pp.388–400.  

https://doi.org/10.3102/0013189X07309471 

Mimura, N., Pulwarty, R.S., Duc, D.M., Elshinnawy, I., Redsteer, M.H., Huang, H.Q. Nkem, J.N. & 

Sanchez Rodriguez, R.A. (2014) ‘Adaptation planning and implementation.’ In: Climate 

Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. 

Contribution of Working Group II to the Fifth Assessment Report of the IPCC [Field, C.B., V.R. 

https://doi.org/10.1016/j.envsci.2018.01.016


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       229 

Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. 

Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, and 

L.L. White (eds.)]. Cambridge University Press, Cambridge, UK and NY, USA, pp. 869-898. 

[Accessed 20/04/2022]. https://www.ipcc.ch/site/assets/uploads/2018/02/WGIIAR5-

Chap15_FINAL.pdf. 

Mistry, J. (1998) ‘Fire in the Cerrado (savannas) of Brazil: An ecological review.’ Prog. Phys. Geogr., 

22(4), pp. 425–448. https://doi.org/10.1177/030913339802200401 

Mittal, S. & Mehar M. (2012) ‘How Mobile Phones Contribute to Growth of Small Farmers?  

Evidence from India.’ Q. J. Int. Agric., 51(3), pp. 227-244. 

https://doi.org/10.22004/ag.econ.155478 

MoFA (2016) ‘Facts and Figures. Statistics, Research, and Information Directorate (SRID).’ Accra. 

[Accessed on 20/09/2021]. https://mofa.gov.gh/site/publications/research-reports/374-

agriculture-in-ghana-facts-figures2016  

Mogelgaard, K., Dinshaw, A., Ginoya, N., Gutiérrez, M., Preethan, P. & Waslander, J. (2018) ‘From 

planning to action: Mainstreaming climate change adaptation into development.’ Working 

Paper. September 2018. p. 24. Washington, DC. [Accessed on 20/09/2021]. World 

Resources Institute. https://www.wri.org/research/planning-action-mainstreaming-climate-

change-adaptation-development 

Moller, H., Berkes, F., Lyver, P.O.B. & Kislalioglu, M. (2004) ‘Combining science and traditional 

ecological knowledge: monitoring populations for co-management.’ Ecol. Soc., 9(3), pp. 2. 

https://doi.org/10.5751/ES-00675-090302 

Molina-Azorin, J.F (2016) ‘Mixed methods research: An opportunity to improve our studies and our 

research skills.’ Eur. J. Manag. Bus. Econ., 25(2), pp.37-38. 

https://doi.org/10.1016/j.redeen.2016.05.001 

Molina-Azorin J. & Fetters M. (2017) ‘The Journal of Mixed Methods Research starts a new decade: 

The first 10 years in review.’  J. Mix. Methods Res., 11(2), 143-

155. https://doi.org/10.1177/1558689817696365 

Moon, K. & Blackman, D. (2014) ‘A guide to understanding social science research for natural 

scientists.’ Conserv. Biol., 28(5) pp.1167-1177. https://doi.org/10.1111/cobi.12326 

Moonga, E. &Chitambo, H. (2010) ‘The role of indigenous knowledge and biodiversity in livestock 

disease management under climate change development in semi-arid region.’ ICID+18 

2ndInternational Conference: Climate, sustainability and development in Semi-arid Regions 

August 16–20, 2010, Fortaleza - Ceará, Brazil. p. 11. [Accessed on 15/08/2021]  

Morton, L.W. & Abendroth, L.J. (2017) ‘Crops, climate, culture, and change.’ J. Soil Water Conserv., 

72(3), pp. 47A-52A. https://doi.org/10.2489/jswc.72.3.47A 

Moser, C. & Moser, A. (2005) ‘Gender mainstreaming since Beijing: A review of success and 

limitations in international institutions.’ Gend. Dev., 13(2) pp. 11-22. 

Moser, S.C. & Ekstrom, J.A. (2010) ‘A framework to diagnose barriers to climate change 

adaptation.’ Proc. Natl. Acad. Sci., USA, 107(51), pp.22026–22031. 

https://doi.org/10.1073/pnas.1007887107   



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       230 

Moser, S.C., & Dilling, L., (ed). (2007) ‘Creating a climate for change: Communicating climate change 

and facilitating social change.’ New York: Cambridge University Press. [Accessed 

15/07/2022] 

Morse, J.M (2016) Qual. health res.: Creating a new discipline. Taylor & Francis Group. 

https://doi.org/10.4324/9781315421650 

Motiang, D.A. & Webb, E.C. (2015) ‘Sources of information for small-holder cattle farmers in Dr 

Ruth Segomotsi Mompati district municipality in the Northwest Province, South Africa.’ 

Anim. Husb. Rural Dev., 8, pp.26–33. http://hdl.handle.net/2263/56473   

Msoffe, G.E.P. & Ngulube, P. (2016) ‘Agricultural information dissemination in rural areas of 

developing countries: A proposed models for Tanzania.’ Afr. J. Libr. Arch. Inf. Sci., 26(2), 

pp.167-187.   

Mtega, W.P., Ngoepe, M. & Dube, L. (2016) ‘Factors influencing access to agricultural knowledge: 

the case of smallholder rice farmers in the Kilombero district of Tanzania.’ S. Afr. J. Inf. 

Manag., 18(1), pp. 679. http://dx.doi.org/10.4102/sajim.v18i1.679   

Mudombi, S. a& Muchie, M. (2010) ‘ICTs in development and disaster response: Opportunities and 

challenges for Africa.’ Paper presented at the 3rd International Symposium on Applied 

Sciences in Biomedical and Communication Technologies (ISABEL 2010) in Rome, Italy, 7-10 

November 2010. pp. 1-5. [Accessed 13/07/2022]. 

https://doi.org/10.1109/ISABEL.2010.5702865  

Mudombi, S. & Nhamo, G. (2014) ‘Access to weather forecasting and early warning information by 

communal farmers in Seke and Murewa districts, Zimbabwe.’ J. Hum. Ecol, 48(3), pp. 357-

366. https://doi.org/10.1080/09709274.2014.11906805 

Mudukuti, A.E. & Miller, L. (2002) ‘Factors related to Zimbabwe women’s educational needs in 

agriculture.’ J. Int. Agric. Ext. Educ., 9(2). https://doi.org/ 10.5191/jiaee.2002.09306 

Muema, E.M. (2018) ‘Determinants of access and use of climate information services among 

smallholder farmers in Makueni County, Kenya.’ Unpublished master's Thesis, University of 

Nairobi, Kenya. https://doi.org/10.1016/j.heliyon.2018.e00889 

Mugambiwa, S.S. (2018) ‘Adaptation measures to sustain indigenous practices and the use of 

indigenous knowledge systems to adapt to climate change in Mutoko rural district of 

Zimbabwe.’ Jàmbá: J. Disaster Risk Stud., 10(1), pp.1-9. doi:10.4102/jamba.v10i1.388 

Muguti, T. & Maposa, R.S. (2012) ‘Indigenous weather forecasting: A phenomenological study 

engaging the Shona of Zimbabwe.’ J. Pan Afr. Stud., 4(9): 102–112. 

Mullings, B. (1999) ‘Insider or outsider, both or neither: Some dilemmas of interviewing in a cross- 

cultural setting.’ Geoforum 30(4), pp. 337-350. https://doi.org/10.1016/S0016-

7185(99)00025-1. 

Munhall, P.L. (2008) ‘Perception in the Sage encyclopedia of qualitative research methods.’ In: 

Given, L.M., (ed.). Sage: Thousand Oaks, CA, USA, pp. 606-607. L.M., (ed.) 

https://repository.bbg.ac.id/bitstream/515/1/The_Sage_Encyclopedia_of_Qualitative_Rese

arch_methods.pdf 

Muñoz-Ulecia, E., Bernués, A., Casasús, I., Olaizola, A.M., Lobón, S. & Martín-Collado, D. (2021)  



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       231 

‘Drivers of change in mountain agriculture: A thirty-year analysis of trajectories of evolution 

of cattle farming systems in the Spanish Pyrenees.’  Agric. Syst., 186, pp.102983. 

https://doi.org/10.1016/j.agsy.2020.102983 

Munyaradzi, M. (2014) ‘Culture, indigenous knowledge, and development in Africa: Reviving 

interconnections for sustainable development.’ 1st ed. pp. 186. Langaa RPCIG, Northwest 

region, Cameroon. [Accessed on 15/07/2022]. https://www.langaa-rpcig.net/culture-

indigenous-knowledge-and-development-in-africa/ 

Mutunga, E.J., Ndungu, C.K. & Muendo, P. (2018) ‘Factors influencing smallholder farmers' 

adaptation to climate variability in Kitui County, Kenya.’ Int. J. Environ. Sci. Nat. Resour., 

8(5), pp. 155-161. https://doi.org/10.19080/IJESNR.2018.08.555746 

Mwingira, C.E., Pallangyo, M.E., Felix, R., Pima, N., Meingataki, G. & Salum, S. (2015) ‘Impacts of 

climate change on biodiversity and community livelihoods in the Katari ecosystem.’ 

[Accessed 10/08/2023].  http://fliphtml5.com/obij/cexa/basic 

Naab, F.Z., Abubakari, Z. & Ahmed, A. (2019) ‘The role of climate services in agricultural 

productivity in Ghana: The perspectives of farmers and institutions.’ Clim. Ser., 13, pp. 24–

32. https://doi.org/10.1016/j.cliser.2019.01.007 

Naderifar, M., Goli, H. & Ghaljaie, F. (2017) ‘Snowball sampling: A purposeful method of sampling in 

qualitative research.’ Strides Dev. Med. Educ. J., 14(3), pp. e67670. 

https://doi.org/10.5812/sdme.67670 

Naeem, M., Ozuem, W., Howell, K. & Ranfagni, S. (2023) ‘A step-by-step process of thematic 

analysis to develop a conceptual model in qualitative research.’ Int. J. Qual. Methods, 

22(11). https://doi.org/10.1177/16094069231205789 

National Academies Press, (2019) ‘Scientific methods and knowledge: Reproducibility and 

replicability in science.’ May 7, 2019. USA National Academies Press Release. [Accessed 

19/01/2025] https://www.ncbi.nlm.gov/ 

Nakashima, D.J. & Roué M. (2002) ‘Indigenous knowledge, peoples and sustainable practice.’ In 

Timmerman P (ed) Encyclopedia of Global Environmental Change, 5. Social and Economic 

Dimensions of Global Environmental Change, pp 314–324. Chichester, UK: Wiley. 

Nawab, K., Naseem, S.B., Nanak, K., Naqeeb, U., Sohaib, I., Siyad, A., Shafiq, H., Kumail, A., Hassan, 

J.A. & Zulfiqar, A. (2020) ‘Impact of newspaper and radio in promoting agricultural 

information among farmers. A case study of Pakistan.’ Int. J. Adv. Res. Biol. Sci., 7(4), pp. 

192-198. http://dx.doi.org/10.22192/ijarbs.2020.07.04.024   

Ndamani, F. & Watanabe, T. (2016) ‘Determinants of farmers’ adaptation to climate change: A 

micro level analysis in Ghana.’ Sci. Agric., 73(3), pp. 201-208. https://doi.org/10.1590/0103-

9016-2015-0163 

Ndiritu, S.W., Kassie, M. & Shiferaw, B. (2014) ‘Are there systematic gender differences in the  

adoption of sustainable agricultural intensification practices? Evidence from Kenya.’ Food 

Policy, 49(1), pp.117-127. https://doi.org/10.1016/j.foodpol.2014.06.010 

Ndip, F.E., Molua, E.L., Mvodo, M-E.S., Nkendah, R., Choumbou, R.F.D., Tabetando, R. & Akem, N.F. 

(2023) ‘Farmland Fragmentation, crop diversification and incomes in Cameroon, a Congo 

Basin country.’ Land Use Policy, 130, pp.106663. 

http://dx.doi.org/10.1590/0103-9016-2015-0163
http://dx.doi.org/10.1590/0103-9016-2015-0163


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       232 

https://doi.org/10.1016/j.landusepol.2023.106663 

NDPC (2010) ‘Ghana shared growth and development agenda (GSGDA) II, 2010-2013 (final draft).’ 

Medium-term national development policy framework, vol. 1: GoG. Accra.  

https://planipolis.iiep.unesco.org/sites/default/files/ressources/ghana_gsgda_2010_2013_v

olii.pdf 

NDPC (2011) ‘Guidelines for the preparation of district medium-term development plan under the 

Ghana shared growth and development agenda 1. 2010-2013.’ GoG. Accra. 

NDPC (2014) ‘Ghana shared growth and development agenda (GSGDA) II, 2014-2017 (final draft).’ 

Medium-term national development policy framework, vol.1: Policy framework. GoG. 

Accrahttps://ndpc.gov.gh/media/Ghana_Shared_Growth_and_Development_Agenda_GSG

DA_II_20142017.pdf 

NDPC, (2018) ‘National Adaptation Policy Framework.’ GoG, Accra. [Accessed20/08/2022]. 

https://faolex.fao.org/docs/pdf/gha189992.pdf 

Neequaye, Y. (2023) ‘Ghana Fire Service records reduction of bushfires by 27.5 percent.’ TV3 News  

24.11.2023. 10:25 am. [Accessed 15/08/2024]. https://3news.com/news/ghana-fire-
serviced-records-reduction-of-bushfires-by-27-5-percent/.  

Negi, V.S., Maikhuri, R.K., Pharswan, D., Thakur, S. & Dhyani, P.P. (2017) ‘Climate change impact in  

the Western Himalaya: people’s perception and adaptive strategies.’ J. Mt. Sci., 14(2), 

pp.403–416. https://doi.org/10.1007/s11629-015-3814-1 

Nelson, G., et al. (2009) ‘Climate Change: Impact on agriculture and costs of adaptation.’ 

Washington, DC: International Food Policy Research Institute. 

http://dx.doi.org/10.2499/0896295354 

Nelson, W. & Agbey, S.N.D. (2005) ‘Linkages between poverty and climate change: Adaptation for 

livelihood of the poor in Ghana.’ Technical paper no. 71. National Development Planning 

Commission and Friends of the Earth Ghana, Accra. 

Ngute, A.S.K., Marchant, R. & Cuni-Sanchez, A. (2021) ‘Climate change, perceptions, and adaptation 

responses among farmers and pastoralists in the Cameroon highlands.’ In: W. Leal Filho et 

al. (eds), Handbook of Climate Change Management. https://doi.org/10.1007/978-3-030-

22759-3_311-1 

Nindel, S. (2017) ‘Forest fire dynamics and carbon stocks in different ecological zones of Ghana.’ A 

dissertation submitted in fulfilment of the requirements for the award of the degree of 

Doctor Rerum Silvaticarum (Dr. rer. silv.). Fakultät Umweltwissenschaften, p. 204. 

Nkeme, K.K. & Ndaeyo, N.U. (2011) ‘Impact of Climate change on agricultural productivity.’ In: 

Nwachukwu I. and Ekwe, K.C. (eds.) Globalization and rural development in Nigeria. pp. 156-

165. Extension centre, Michael Okpara University of Agriculture, Umudike, Nigeria. 

Nkeme, K.K. & Ndaeyo, N.U. (2013) ‘Climate change and coping strategies among peasant farmers 

in Akwa Ibom State, Nigeria.’ Int. J. Basic Appl. Sci., 2(1), pp.24–28. 

Nkiaka, E. & Lovett, J.C. (2018) ‘Mainstreaming climate adaptation into sectoral policies in central 

Africa: insights from Cameroun.’ Environ. Sci. Policy, 89:49–58. 

https://doi.org/10.1016/j.envsci.2018.07.012 



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       233 

Nkomwa, E.C., Joshua, M.K., Ngongondo, C., Monjerezi, M. & Chipungu, F. (2014) ‘Assessing 

indigenous knowledge systems and climate change adaptation strategies in agriculture: A 

Case study of Chagaka Village, Chikhwawa, Southern Malawi.’ Phys. Chem. Earth, Parts 

A/B/C, 67–69, pp. 164–172. https://doi.org/10.1016/j.pce.2013.10.002 

Norström, A.V., Cvitanovic, C., Löf, M.F. et al. (2020) ‘Principles for knowledge co-production in 

sustainability research.’ Nat. Sustain., 3, 182–190. https://doi.org/10.1038/s41893-019-

0448-2 

Nyadzi, E., Saskia Werners, E., Biesbroek, R., Long, P.H., Franssen, R.W. & Ludwig, F. (2019) 

‘Verification of seasonal climate forecast toward hydroclimatic information needs of rice 

farmers in northern Ghana.’ Weather Clim. Soc., 11(1), pp. 127-142. 

https://doi.org/10.1175/WCASD-17-0137.1 

N-yanbini, N. N., & Owusu-Ansah, J. K. (2024) ‘Women’s Land Access and Gendered Outcomes in 

Northern Ghana.’ J. Land Rural Stud., 12(2), pp. 198-218. 

https://doi.org/10.1177/23210249241237033 

Nyongesa, K.W. & Vacik, H. (2018) ‘Fire Management in Mount Kenya: A case study of Gathiuru 

Forest Station.’ Forests, 9(8), pp. 481. https://doi.org/10.3390/f9080481 

O’Brien, K.L., Eriksen, S., Schjolden, A. & Nygaard, L. (2005) ‘What’s in a word? Interpretations of    

vulnerability in climate change research.’ CICERO Working Paper 2004:04. [Accessed 

25/10/2024]. http://www.cicero.uio.no 

O’Hare, P., White, I. & Connelly, A. (2016) ‘Insurance as maladaptation: Resilience and the ‘business 

as usual’ paradox.’ Environ. Plan. C: Gov. Policy, 34(6), pp. 1175-1193. 

https://doi.org/10.1177/0263774X15602022 

Oates, N., Conway, D. & Calow, R. (2011) The ‘mainstreaming’ approach to climate change 

adaptation: insights from Ethiopia’s water sector.’ Background Note. Overseas Development 

Institute. [Accessed 28/08/2022]. www.odi.org.uk  

Obermeister, N. (2017) ‘From dichotomy to duality: Addressing interdisciplinary epistemological 

barriers to inclusive knowledge governance in global environmental assessments.’ Environ. 

Sci. Policy, 68, pp.80-86. https://doi.org/10.1016/j.envsci.2016.11.010 

Odoom, D., Obeng-Baah, J., Crowder, V. & Asumang, E. (2022) ‘Appreciating the role of 

communication in promoting sustainable livelihood: A closer look at some selected 

literature.’ E-J. Humanit. Arts Soc. Sci., 3(6), pp.213–229. 

https://doe.org/10.38159/chass2022362 

Odutayo, A. (2015) ‘Conditional development: Ghana crippled by structural adjustment 

programmes.’ [Accessed 18/08/2022]. https://www.e-ir.info/2015/03/01/conditional-

development-ghana-crippled-by-structural-adjustment-programmes/ 

Ofori-Sarpong, E. (2001) ‘Impact of climate change on agriculture and farmers coping strategies in 

the upper east region of Ghana.’ West Afr. J. Appl. Ecol., 2, pp. 21–35. 

Ogalleh, S.A., Vogl, C.R., Eitzinger, J. & Hauser, M. (2012) ‘Local perceptions and responses to 

climate change and variability: The case of Laikipia District, Kenya.’ Sustainability, 4(12), pp. 

3302-3325. https://doi.org/10.3390/su4123302 



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       234 

Ogallo, L. (2010) ‘The mainstreaming of climate change and variability information into planning 

and policy development for Africa.’ Procedia Environ. Sci., 1(1), pp. 405–410. 

https://doi.org/10.1016/j.proenv.2010.09.028 

Ogar, E., Pecl, G. & Mustonen, T. (2020) ‘Science must embrace traditional and indigenous  

knowledge to solve our biodiversity crisis.’ One Earth, 3(2), pp.162-165 

Okorafor, C.N. (2010) Challenges confronting libraries in documentation and communication of  

indigenous knowledge in Nigeria. Int. Inf. Libr. Rev., 42(1), pp.8–13. https://doi.org/10. 

1080/10572317.2010.10762837 

Okoye C.U. (1989) ‘Comparative analysis of factors in the adoption of traditional and recommended 

soil erosion control practices in Nigeria.’ Soil Tillage Resour., 45(3–4), pp. 251-263. 

https://doi.org/10.1016/S0933-3630(96)00137-7 

Oladele, O.I. (2006) ‘Multilinguality of farm broadcast and agricultural information access in 

Nigeria. Nord. J. Afr. Stud, 15(2), pp. 199–205. https://doi.org/10.53228/njas.v15i2.23   

Olajide, B.R. (2011) ‘Assessment of farmers’ access to agricultural information on selected food 

crops in Iddo district of Oyo state, Nigeria.’  J. Agric. Food Inf., 12(3-4), pp. 354-363. 

https://doi.org/10.1080/10496505.2011.609434 

Oliver, B. (2016) ‘The Earth Gives us so Much: Agroecology and rural women’s leadership in 

Uruguay.’ J. Cult. Agric. Food Environ., 38 (1), pp.38-47. https://doi.org/10.1111/cuag.12064 

Oluwatoyin, D.K., Wolski, P., Ngwenya, B. & Mmopelwa, G. (2014) ‘Ethno-meteorology and 

scientific weather forecasting: Small farmers and scientists’ perspectives on climate 

variability in the Okavango Delta, Botswana.’ Clim. Risk Manag., 4–5, pp. 43-58. 

https://doi.org/10.1016/j.crm.2014.08.002 

Oluwasusi, J.O. & Akanni, Y.O. (2014) ‘Effectiveness of extension services among food crops farmers 

in Ekiti State, Nigeria.’ J. Agric Food Inf.,15(14), pp.324-341. 

https://doi.org/10.1080/10496505.2014.952175 

Omay, P.O., Muthama, N.J. & Oludhe, C., et al. (2023) ‘Changes and variability in rainfall onset, 

cessation, and length of rainy season in the IGAD region of Eastern Africa.’ Theor. Appl. 

Climatol., 152, pp. 871–893. https://doi.org/10.1007/s00704-023-04433-0  

Onubuogu, G.C. & Esiobu, N.S. (2014) ‘Trends, perceptions and adaptation options of arable crop 

farmers to climate change in Imo State, Nigeria: A Logit Multinomial Models Approach.’ J. 

Econ. Sustain. Dev., 5(15), pp. 56-73 

Orb, A., Eisenhauer, L. & Wynaden, D. (2001) Ethics in qualitative research. J. Nurs. Scholarsh., 

33(1), pp. 93-96. https://doi.org/10.1111/j.1547-5069.2001.00093.x.  

Orlove, B., Roncoli, C. & Kabugo, M. et al. (2010) ‘Indigenous climate knowledge in southern 

Uganda: the multiple components of a dynamic regional system.’ Clim. Change, 100, pp. 

243–265. https://doi.org/10.1007/s10584-009-9586-2 

Osbahr, H. & Allan, C. (2003) ‘Indigenous knowledge of soil fertility management in southwest 

Niger.’ Geoderma, 111(3–4), pp. 457–479. https://doi.org/10.1016/S0016-7061(02)00277-X 

Osei, S. (2017) Climate change adaptation constraints among small-holder farmers in rural 

households of Central Region of Ghana, West Africa. J. Appl. Ecol, 25(2), pp. 31–48. 

https://doi.org/10.1111/cuag.12064


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       235 

Othman, M. S., Oughton, E. & Garrod, G. (2020) ‘Significance of farming groups for resource access 

and livelihood improvement of rural smallholder women farmers.’ Dev. Pract., 30(5), 586–

598. https://doi.org/10.1080/09614524.2020.1764502 

Owolabi, K.A., Ovwasa, D.E., Ajayi, T.B. & Odewale, M.O. (2022) ‘Preservation and use of indigenous  

knowledge practices in public libraries in Nigeria.’ Public Libr. Q., 41(5), pp.485-502. 

https://doi.org/10.1080/01616846.2021.1938897 

Oulu, M.O. 2(011) ‘Mainstreaming climate adaptation in Kenya.’ Clim. Law, 2(3), pp. 375–394. 

https://doi.org/10.3233/CL-2011-041 

Owusu, V., Ma, W., Emuah D. & Renwick A. (2021) Perceptions and vulnerability of farming 

households to climate change in three agro-ecological zones of Ghana. J. Clean. Prod., 

293(1-3). https://doi.org/10.1016/j.jclepro.2021.126154 

Owusu-Daaku, K.N. & Diko, S.K. (2017) ‘The Sea Defence project in the Ada east district and its 

implications for climate change policy implementation in Ghana’s Peri-urban areas.’ In: 

Book: Urban Perspectives: Climate change, migration, planning and financing. pp.28-49. 

Wilson Center and USAID. Washington D.C. [Accessed 18/08/2022] 

Owusu-Mensah, I. (2015) ‘Twenty years of implementation of district assemblies’ common fund in 

Ghana - (1994–2013): An assessment of disbursement.’ Br. J. Econ. Manag. Trade, 10(4), pp. 

1–19. https://doi.org/10.9734/BJEMT/2015/19793 1074 

Owusu, V. & Yiridomoh, G.Y. (2021) ‘Assessing the determinants of women farmers' targeted 

adaptation measures in response to climate extremes in rural Ghana.’ Weather Clim. 

Extrem, 33(4), pp. 1-7. https://doi.org/10.1016/j.wace.2021.100353 

Oyekale, A.S. (2015) ‘Factors explaining farm households’ access to and utilization of extreme 

climate forecasts in sub-Saharan Africa.’ Environ. Econ. 6(1), pp. 91-103. 

Patton, M.Q. (2014) ‘Qualitative research & evaluation methods: Integrating theory and practice.’  

Sage Publications. 

Parker C., Scott S. & Geddes A. (2019) ‘Snowball sampling.’ In Atkinson P., Delamont S., Cernat A., 

Sakshaug J. W. & Williams R. A. (Eds.), SAGE research methods foundations. Sage 

Publications Ltd. https://doi.org/10.4135/9781526421036831710 

Pareek, A. & Trivedi, P.C. (2011) ‘Cultural values and indigenous knowledge of climate change and 

disaster prediction in Rajasthan, India.’ Indian J. Traditi. Knowl., 10(1), pp. 183-198. 

Parkhurst, J. (2016) ‘Appeals to evidence for the resolution of wicked problems: The origins and 

mechanisms of evidentiary bias.’ Policy Sci., 49(4), pp. 373–393. 

https://doi.org/10.1007/s11077-016-9263-z 

Parry, M.L., Canziani, O.F., Palutikof, J.P., Van der Linden, P.J. & Hanson, C.E. (2007) ‘Fourth 

Assessment Report: impacts, adaptation and vulnerability.’ Contribution of Working Group 

II. IPCC, 2007. Cambridge University Press, Cambridge. 

Parsons, M., Nalau, J. & Fisher, K. (2017) ‘Alternative perspectives on sustainability: Indigenous 

knowledge and methodologies.’ Chall. Sustain., 5(1), pp.7-14. 

https://doi.org/10.12924/cis2017.05010007 

http://dx.doi.org/10.3233/CL-2011-041
https://doi.org/10.1016/j.jclepro.2021.126154
http://dx.doi.org/10.12924/cis2017.05010007


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       236 

Partey, T.S., Zougmore, R., Ouedraogo, M. & Campbell, B.M. (2018) ‘Developing climate-smart 

agriculture to face climate variability in West Africa: Challenges and lessons learnt.’ J. Clean 

Prod., 18, pp. 285–295. https://doi.org/10.1016/j.jclepro.2018.03.199 

Pasquini L., Ziervogel G., Cowling R. M. & Shearing C. (2015) ‘What enables local governments to 

mainstream climate change adaptation? Lessons learned from two municipal case studies in 

the Western Cape, South Africa.’ Clim. Dev., 7(1), pp. 60–70. 

https://doi.org/10.1080/17565529.2014.886994 

Patel, N., Shah, K., Savani, K., Klemmer, S.R., Dave, P. & Parikh, T.S. (2012) ‘Power to the peers: 

Authority of source effects for a voice-based agricultural information service in rural India.’ 

ICTD'12: Proceedings of the fifth international conference on information and 

communication technologies and development, March 2012. pp. 169–178. [Accessed 

18/08/2022]. https://doi.org/10.1145/2160673.2160696   

Patt, A. & Gwata, C. (2002) ‘Effective seasonal climate forecast applications: Examining constraints 

for subsistence farmers in Zimbabwe.’ Glob. Environ. Change, 12(3), pp. 185–

195.https://doi.org/10.1016/S0959-3780(02)00013-4 

Pelling, M. (2003) The vulnerability of cities: natural disasters and social resilience. Earthscan. 

London. UK. 

Pereira, L. (2017) ‘Climate change impacts on agriculture across Africa.’ In: Oxford research 

encyclopaedia of environmental science.  Oxford, UK: Oxford University Press. pp. 1-36. 

[Accessed 18/08/2022]. https://doi.org 10.1093/acrefore/9780199389414.013.292  

Persson, Å. (2007) ‘Different perspectives on EPI.’ In: Nilsson M, Eckerberg K (eds) Environmental 

policy integration in practice: shaping institutions for learning. Earthscan, London, pp. 25–

48. 

Persson, Å., Eckerberg, K. & Nilsson, M. (2016) ‘Institutionalization or wither away? 25 years of 

environmental policy integration under shifting governance models in Sweden.’ Environ. 

Plan C, 34(3), pp. 478–495. https://doi.org/10.1177/0263774X15614726 

Plano Clark V.L. (2019) ‘Meaningful integration within mixed methods studies: Identifying why, 

what, when, and how.’ Contemp. Educ. Psychol., 57, pp. 106-

111. https://doi.org/10.1016/j.cedpsych.2019.01.007 

Piabuo, S.M., Yakan, H.B., Puatwoe, J.T., Nonzienwo, V.Y. & Mamboh, T.R. (2020) ‘Effect of rural 

farmers’ access to information on price and profits in Cameroon.’ Cogent Food Agric., 6(1), 

pp. 1-11. https://doi.org/10.1080/23311932.2020.1799530  

Pogačar, T., Črepinšek, Z., Bogataj, L.K. & Lars, N.Y.B.O. (2017) ‘Comprehension of climatic and 

occupational heat stress amongst agricultural advisers and workers in Slovenia.’ Acta Agric. 

Slov., 109(3), pp. 545-554. https://doi.org/10.14720/aas.2017.109.3.06  

Pohl, C. (2010) ‘From Trans-disciplinarity to transdisciplinary research.’ Transdiscipl. J. Eng. 

Sci., 1(1), pp. 65–73. https://doi.org/10.22545/2010/0006 

Pohl, C., Rist, S., Zimmermann, A., Fry, P., Gurung, G., Schneider, F., Speranza, C.I. Kiteme, B., 

Boillat, S., Serrano, E., Hadorn, G.H. & Wiesmann, U. (2010) ‘Researcher's roles in 

knowledge co-production: experience from sustainability research in Kenya, Switzerland, 

http://dx.doi.org/10.1016/j.jclepro.2018.03.199


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       237 

Bolivia and Nepal.’ Sci. Public Policy, 37 (4), pp. 267-281. 

https://doi.org/10.3152/030234210X496628 

Poole, N.D. & Kenny, L. (2003) Agricultural market knowledge: Systems for delivery of a private and 

public good. J. Agric. Educ. Ext., 9(3), pp. 117–126. 

https://doi.org/10.1080/13892240385300181  

Polit-O’Hara, D. & Beck, C.T. (2006) ‘Essentials of nursing research: Methods, appraisal, and 

utilization, 1. Lippincott Williams and Wilkins.’ Nurse Res., 13(4), pp. 91-92. 

https://doi.org/10.7748/nr.13.4.91.s11 

Ponge, A. (2016) ‘Bridging the gender digital divide: Challenges in access and utilisation of ICTs for 

development at the devolved level.’ Int. J. Innov. Res. Dev., 5(7), pp. 328–339. 

Popoola, O.O., Yusuf, S.F.G. & Monde, N. (2020) ‘Information sources and constraints to climate 

change adaptation amongst smallholder farmers in Amathole District Municipality, Eastern 

Cape Province, South Africa.’ Sustainability, 12(14), pp. 1-23. 

http://doi.org/10.3390/su12145846  

Posthumus, H., Gardebroek, C. & Ruerd, R. (2010) ‘From participation to adoption: Comparing the 

effectiveness of soil conservation programs in the Peruvian Andes.’ Land Econ., 4(86), pp. 

645-667. https://doi.org/10.3368/le.86.4.645 

Pulido, J.S. & Bocco, G. (2003) ‘The traditional farming system of a Mexican indigenous community: 

the case of Nuevo San Juan Parangaricutiro, Michoacán, Mexico.’ Geoderma, 111(3–4), pp. 

249-265. https://doi.org/10.1016/S0016-7061(02)00267-7 

Pullin, A.S. & Knight, T.M. (2001) ‘Effectiveness in conservation practice: pointers from medicine 

and public health.’ Conserv. Biol., 15(1), pp.50-54.  https://doi.org/10.1111/j.1523-

1739.2001.99499.x 

Puma, M.J., Bose, S., Chon, S.Y. & Cook, B.I. (2015) ‘Assessing the evolving fragility of the global 

food system.’  Environ. Res. Lett, 10(2), pp. 1-14. https://doi.org/10.1088/1748-

9326/10/2/024007  

Qiao, Y., Martin, F., Cook, S., He, X., Halberg, N., Scott, S. & Pan, X. (2018) ‘Certified organic 

agriculture as an alternative livelihood strategy for small-scale farmers in China: A case 

study in Wanzai County, Jiangxi Province.’ Ecol. Econ., 145(20180), pp. 301- 

307.https://doi.org/10.1016/j.ecolecon.2017.10.025 

Radcliffe, C., Parissi, C. & Raman, A. (2016) ‘Valuing indigenous knowledge in the highlands of 

Papua New Guinea: A model for agricultural and environmental education.’ Australia J. 

Environ. Edu., 32(3), pp. 243–259. https://doi.org/10.1017/aee.2016.19 

Radcliffe, C., Rihai, N., Parissi, C. & Raman, A. (2018) ‘More than a political slogan: The value of 

Kastom in extension for sustainable agriculture.’ J. Agric. Edu. Ext., 14 (1), pp. 91–100. 

Radeny, M., Desalegn, A., Mubiru, D., Kyazze, F., Mahoo, H. & Recha, J., et al. (2019) ‘Indigenous 

knowledge for seasonal weather and climate forecasting across East Africa.’ Clim. 

Change, 156, pp. 509–526. https://doi.org/10.1007/s10584-019-02476-9   

Raidimi, E.N. & Kabiti, H.M. (2019) ‘A review of the role of agricultural extension and training in 

achieving sustainable food security: A case of South Africa.’ S. Afr. J. Agricu. Ext., 47(3), pp. 

120-130. http://dx.doi.org/10.17159/2413-3221/2019/v47n3a520 

https://doi.org/10.7748/nr.13.4.91.s11


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       238 

Raimi, A., Adeleke, R. & Roopnarain, A. (2017) ‘Soil fertility challenges and Biofertilizer as a viable 

alternative for increasing smallholder farmer crop productivity in sub-Saharan 

Africa.’ Cogent Food Agric., 3, pp. 1. https://doi.org/10.1080/23311932.2017.1400933 

Rakodi, C. (1999) ‘A capital assets framework for analysing household livelihood strategies: 

Implications for policy.’ Dev. Policy Rev., 17(3), pp.315-342. 

Ranasinghe, R. et al. (2021) ‘Climate change information for regional impact and for risk 

assessment.’ In: 

Masson Delmotte, V., P. Zhai, A. Pirani, S. L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. 

Goldfarb, M. I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J. B. R. Matthews, T. K. Maycock, T. 

Waterfield, O. Yelekçi, R.Yu and B. Zhou (ed.)]. Climate Change 2021: The Physical Science 

Basis. Contribution of Working Group I to the Sixth Assessment Report of the IPCC, in Press, 

Cambridge University Press. 

https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_Chapter_12.pdf 

Rankoana, S.A. (2016a) ‘Perceptions of climate change and the potential for adaptation in a rural 

community in Limpopo Province, South Africa.’ Sustainability, 8(8), pp. 672. 

https://doi.org/10.3390/su8080672 

Rasmussen, L.V., Mertz, O., Rasmussen, K. & Nieto, H. (2015) ‘Improving how meteorological 

information is used by pastoralists through adequate communication tools.’ J. Arid 

Environ., 121, pp. 52–58. https://doi.org/10.1016/j.jaridenv.2015.05.001  

Raymond, C.M., Fazey, L., Reed, M. S., Stringer, L.C., Robinson, G.M. & Evely, A.C. (2010) 

‘Integrating local and scientific knowledge for environmental management.’ J. Environ. 

Manag., 91(8), pp. 1766-1777. https://doi.org/10.1016/j.jenvman.2010.03.023 

Recha. J.W., Bancy, M., Nyasimi, M., Philip, K., Kinyangi, J. & Radeny, M. (2016) ‘Changing rainfall 

patterns and farmers’ adaptation through soil water management practices in semi-arid 

eastern Kenya.’ Arid Land Resour. Manag, 30(3), pp. 229-238. 

https://doi.org/10.1080/15324982.2015.1091398 

Reed, J., Van Vianen, J., Deakin, E.L., Barlow, J. & Sunderland, T. (2016) ‘Integrated landscape  

approaches to managing social and environmental issues in the tropics: learning from the 

past to guide the future.’ Glob. Change Biol., 22(7), pp.2540-2554.   

https://doi.org/10.1111/gcb.13284 

Rehman, F., Muhammad, S., Ashraf, I., Ch, K.M. & Ruby, T. (2013) ‘Effect of farmers’ socioeconomic 

characteristics on access to agricultural information: Empirical evidence from Pakistan.’  J. 

Anim. Plant Sci., 23(1), pp. 324-329.   

Rezvanfar, A., Moradnezhai, H. & Vahedi, M. (2007) ‘Information needs of farm women related to 

dairy farming and home management in Ilam State of Iran.’ Livest. Res. Rural Dev., 19(8). 

Robertson, V.B. (2022) ‘The Language of value: Solutions for business using new information-based 

currencies.’ V.B. Robertson, (ed.). Business Expert Press.  

Robson C. (2002) ‘Real world research: A resource for social scientists and practitioner–

researchers (2nd ed.).’ Oxford, England: Blackwell.  

https://doi.org/10.1080/23311932.2017.1400933


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       239 

Roncoli, C., Ingram, K. & Kirshen, P. (2002) ‘Reading the rains: Local knowledge and rainfall 

forecasting in Burkina Faso.’ Soc. Nat. Resour., 15(5), pp. 409-427. 

http://doi.org/10.1080/08941920252866774 

Ruiz, I., Faria, S.H. & Neumann, M.B. (2020) ‘Climate change perception: Driving forces and their 

interactions.’ Environ. Sci. Policy, 108, pp.112-120. 

https://doi.org/10.1016/j.envsci.2020.03.020 

Runhaar, H., Mees, H., Wardekker, A., van der Sluijs, J. & Driessen, P.P.J. (2012) ‘Adaptation to 

climate change related risks in Dutch urban areas: Stimuli and barriers.’ Reg. Environ. 

Change, 12(4), pp. 777–790. https://doi.org/10.1007/ s10113-012-0292-7 

Runhaar, H., Wilk, B., Persson, Å., Uittenbroek, C. & Wamsler, C. (2018) ‘Mainstreaming climate 

adaptation: taking stock about “what works” from empirical research worldwide.’ Reg. 

Environ. Change, 18, pp. 1201–1210.  https://doi.org/10.1007/s10113-017-1259-5 

Saadi, H., Madhei, K.N. & Movahedi, R. (2008) ‘Surveying on the wheat farmers access and 

confidence to information and communication channels (ICCs) about controlling Eurygaster 

integriceps in Hamedan Province, Iran.’ Am. J. Agric. Biol. Sci., 3, pp. 3497-501. 

http://doi.org/10.3844/ajabssp.2008.497.501   

Saldana, J.M. (2016) ‘The coding manual for qualitative researchers (4th ed.).’ Sage Publications. 

Saguye, T.S. (2016) ‘Determinants of smallholder farmers’ adoption of climate change and 

variability adaptation strategies: Evidence from Geze Gofa District, Gamo Gofa Zone, 

Southern Ethiopia.’ J. Environ. Earth Sci., 6(9), pp. 147-161. 

Sah, R.P., Chakraborty, M., Prasad, K., Pandit, M., Tudu, V.K., Chakraborty, M.K., Narayan, S.C., 

Rana, M. & Moharana, D. (2020) ‘Impact of water deficit stress in maize: Phenology and 

yield components.’ Sci. Rep., 10 (1), pp. 2944. https://doi.org/10.1038/s41598-020-59689-7 

Saitabau, H.O. (2014) ‘Impacts of climate change on the livelihoods of Loita Maasai pastoral 

community and related indigenous knowledge on adaptation and mitigation.’ 

http://africanclimate.net/en/publications/pastoral-indigenous-knowledge-related-climate- 

variability-and-change-adaptation 

Sakapaji, S.C. (2022) ‘Integrating local and Indigenous ecological knowledge systems into climate  

adaptation policy for resilience building, and sustainability in agriculture.’ Int. J. Sustain. Dev. 

Res., 8(1), pp.9–24. https://doi.org/10.11648/j.ijsdr.20220801.12 

Salganik, M.J., Dodds, P.S. & Watts, D.J. (2006) ‘Experimental study of inequality and  

unpredictability in an artificial cultural market.’ Science, 311, pp. 854. 

https://doi.org/10.1126/science.1121066 

Sandor, J.A., & Furbee, L. (1996) ‘Indigenous knowledge and classification of soils in the Andes of 

Southern Peru.’ Soil Sci. Soc. Am. J., 60 (5) pp. 1502-1512. 

https://doi.org/10.2136/sssaj1996.03615995006000050031x 

Sani, L., Boadi, B.Y., Oladokun, O. and Kalusopa, T. (2014) ‘The generation and dissemination of 

agricultural information to farmers in Nigeria.’ J. Agric. Vet. Sci., 7(2), pp. 102-111. 

Satterfield, T., Kandlikar, M., Beaudrie, C.E.H., Conti, J. & Herr, H.B. (2009) ‘Anticipating the 

perceived risk of nanotechnologies.’ Natl. Nanotechnol., 4(12), pp. 752–758. 

https://doi.org/10.1038/nnano.2009.369 



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       240 

Savietto, S.F., Katon G.F., Towata, N., Bercheze F.A.S. & Ursi, S. (2014) ‘Marine and coastal 

environments: What is the perception of students from Schools on the North Coast of Sao 

Paulo?’ Revi Ensino Biological Association Brasi, 7, pp. 6746-6757 

Scheffer, M., Brock, W. and Westley, F. (2000) ‘Socioeconomic mechanisms preventing optimum  

use of ecosystem services: An interdisciplinary theoretical analysis.’ Ecosystems, 3, pp. 451-

471. https://doi.org/10.1007/s100210000040 

Scheffer, M., Westley, F., Brock, W. & Holmgren, H. (2002) ‘Dynamic interaction of society and  

ecosystems-linking theories from ecology, economy and sociology.’ In Gunderson, L. & 

Holling, CS (Eds.) Panarchy: Understanding transformation in human and natural systems. 

Schlenker, W. & Lobell, D.B. (2010) ‘Robust negative impacts of climate change on African 

agriculture.’ Environ. Res. Lett, 5(1), pp. 014010. https://doi.org/10.1088/1748-

9326/5/1/014010 

Schipper, E.L.F. (2022) ‘Maladaptation: When adaptation to climate change goes very wrong.’ One 

Earth, 3(4), pp. 409-414. https://doi.org/10.1016/j.oneear.2020.09.014 

Schot, J. & Steinmueller, W.E. (2018) ‘New directions for innovation studies: Missions and  

transformations.’Res. Policy, 47(9), pp.1583-1584. 

https://doi.org/10.1016/j.respol.2018.08.014 

Schoonenboom, J. & Johnson, R. (2017) ‘How to construct a mixed methods research design.’  

Kolner Zeitschrift fur Soziologie und Sozialpsychologie, 69(Suppl. 2), pp. 107-131. 

https://doi.org/10.1007/s11577-017-0454-1 

Scoones, I. (2009) ‘Livelihoods perspectives and rural development.’ J. Peasant Stud., 36(1), pp. 

171–196. https://doi.org/10.1080/03066150902820503 

Scoones, I., Stirling, A., Abrol, D., Atela, J., Charli-Joseph, L., Eakin, H., Ely, A., Olsson, P., Pereira,  

L., Priya, R., van Zwanenberg, P. & Yang, L. (2020) ‘Transformations to sustainability: 

combining structural, systemic and enabling approaches.’ Curr. Opin. Environ. Sustain., 

42, pp.65-75. https://doi.org/10.1016/j.cosust.2019.12.004 

Seaman, J.A., Sawdon, G.E. Acidri, J. & Petty, C. (2014) ‘The household economy approach.  

Managing the impact of climate change on poverty and food security in developing 

countries.’ Clim. Risk Manag., 4(5), pp. 59–68. https://doi.org/10.1016/j.crm.2014.10.001 

Sebeho, M.A., & Stevens, J.B. (2019) ‘An overview of perceptions and attitudes towards extension 

service delivery in Fezile Dabi district, Free State Province.’ S. Afr. J. Agric. Ext., 47(1), pp. 

61–72. http://dx.doi.org/10.17159/2413-3221/2019/v47n1a490   

Seccombe, K. (2004) “Beating the odds” versus “Changing the odds”: poverty, resilience, and family 

policy.’  J. Marriage Fam., 64(2), pp. 384-394. 

https://doi.org/10.1111/j.17413737.2002.00384.x 

Sector Network Rural Development Africa (2016) ‘Use of ICT for agriculture in GIZ projects- status 

quo, opportunities, and challenges.’ German Society for International Co-operation. Bonn 

and Eschborn.  

Seddon, N. et al. (2020) ‘Global recognition of the importance of nature-based solutions to the 

impacts of climate change.’ Glob. Sustain., 3(15), pp. 1–12. 

https://doi.org/10.1017/sus.2020.8 



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       241 

Sen, B. (2005) ‘Indigenous knowledge for development: Bringing research and practice together.’ 

Int. Inf. Libr. Rev., 37(4), pp.375-382. https://doi.org/10.1016/j.iilr.2005.10.004 

Seo, N.S., Mendelsohn, R., Dinar, A., Hassan, R. & Kurukulasuriya, P. (2009) ‘A Ricardian analysis of 

the distribution of climate change impacts on agriculture across agro-ecological zones in 

Africa.’ Environ. Resour. Econ., 43(4599), pp.313-332. https://doi.org/10.1007/s10640-009-

9270z 

Serra, R. & Mckune, S. (2016) ‘Climate information services and behavioural change: The case of 

Senegal.’ Sahel Research Group Working Paper No. 010. Working Paper Series for 

Development, Security and Climate Change in the Sahel: Exchange Program between UF, 

Sciences Po and UCAD. 

Serrat, O. (2008) ‘The Sustainable Livelihoods Approach.’ The Knowledge Management Center, 

Regional and Sustainable Development Department, Asian Development Bank. 

Shackleton, S., Ziervogel, G., Sallu, S., Gill, T. & Tschakert, P. (2015) ‘Why is socially-just climate 

change adaptation in sub-Saharan Africa so challenging? A review of barriers identified from 

empirical cases.’ WIREs Clim. Change, 6(3), pp. 321–344. https://doi.org/10.1002/wcc.335 

Shaffer, L.J. (2014) ‘Making sense of local climate change in rural Tanzania through knowledge co-

production. J. Ethnobiol., 34(3), pp. 315–334. http://doi.org/10.2993/0278-0771-34.3.315 

Shah, S.H., Angeles, L.C. & Harris, L.M. (2017) ‘Worlding the Intangibility of Resilience: The case of  

rice farmers and water-related risk in the Philippines.’ World Dev., 98, pp. 400-412. 

https://doi.org/10.1016/j.worlddev.2017.05.004 

Shaw, K. & Theobald, K. (2011) ‘Resilient local government and climate change interventions in the  

UK.’ Local Environ., 16(1), pp.1-15. https://doi.org/10.1080/13549839.2010.544296 

Shisanya, S. & Mafongoya, P. (2016) ‘Adaptation to climate change and the impacts on household 

food security among rural farmers in uMzinyathi District of Kwazulu-Natal, South 

Africa.’ Food Secur., 8(3), pp. 597–608. https://doi.org/10.1007/s12571-016-0569-7 

Shongwe, P., Masuku, M.B. & Manyatsi, A.M. (2014) ‘Cost benefit analysis of climate change 

adaptation strategies on crop production systems: A case of Mpolonjeni area development 

programme in Swaziland.’ Sustain. Agric. Res., 3(1), pp. 37–49. 

http://doi.org/10.5539/sar.v3n1p37 

Siddiqui, A.A. & Mirani, Z. (2012) ‘Farmer's perception of agricultural extension regarding diffusion 

of agricultural technology.’ Pak. J. Agric. Agric. Eng. Vet. Sci., 28(1), pp. 79-92. 

Sillitoe, P. (2017) ‘Indigenous knowledge and natural resources management: an introduction 

featuring wildlife. Indigenous knowledge: enhancing its contribution to natural resources 

management.’ In P. Sillitoe (ed.); Indigenous knowledge enhancing its contribution to 

natural resources management. pp. 1–14. Wallingford: CAB International. 

https://doi.org/10.1079/9781780647050.0001 

Sillitoe, P. & Marzano, M. (2009) ‘Future of indigenous knowledge research in development.’ 

Futures, 41(1), pp.13-23. https://doi.org/10.1016/j.futures.2008.07.004 

Singh, R. & Singh, G.S. (2017) ‘Traditional agriculture: A climate-smart approach for sustainable 

food production.’ Energy Ecol. Environ., 2(5) pp. 296–316. https://doi.org/10.1007/s40974 

017-0074-7 



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       242 

Singh, R., Priya A., Singh P. & Singh M. (2011) ‘Role of ICT in rural empowerment.’ Res. J. Soc. Sci. 

Manag., 1(5), pp. 52-65.   

Sklenicka, P., Janovska, V., Salek, M., Vlasak, J. & Molnarova, K. (2014) ‘The farmland rental 

paradox: Extreme land ownership fragmentation as a new form of land degradation.’ Land 

Use Policy, 38, pp.587-593. https://doi.org/10.1016/j.landusepol.2014.01.006 

Smith, H.A. & Sharp, K. (2012) Indigenous climate knowledges. Wiley Interdiscip. Rev.: Clim. 

Change, 3(5), pp. 467-476. https://doi.org/10.1002/wcc.185 

Smith, A., Stirling, A. & Berkhout, F. (2005) ‘The governance of sustainable sociotechnical  

transitions. Res.Policy, 34(10), pp.1491-1510. https://doi.org/10.1016/j.respol.2005.07.005  

Snively, G. & Corsiglia, J. (2001). ‘Discovering indigenous science: Implications for science  

education.’ Sci. Edu., 85, pp. 6–34. https://doi.org/10.1002/1098-237X(200101)85:1<6::AID-

SCE3>3.0.CO;2-R 

Sokolovska, N., Fecher, B. & Wagner, G.G. (2019) ‘Communication on the Science-Policy Interface: 

An Overview of Conceptual Models.’ Publications, 7(4), pp. 64.  

https://doi.org/10.3390/publications7040064 

Son, H.N., Kingsbury, A. & Hoa, H.T. (2020) ‘Indigenous knowledge and the enhancement of  

community resilience to climate change in the Northern Mountainous Region of Vietnam.’ 

Agroecol. Sustain. Food Syst., 45(4), pp.499–522.  

https://doi.org/10.1080/21683565.2020.1829777 

Soubry, B., Sherren, K. & Thornton, T.F. (2020) ‘Are we taking farmers seriously? A review of the 

literature on farmer perceptions and climate change, 2007–2018.’ J. Rural Stud., 74, pp. 

210-222. https://doi.org/10.1016/j.jrurstud.2019.09.005 

Sova, C.A., Chaudhury, A.S., Nelson, W.A., Nutsukpo, D.K. & Zougmoré, R. (2014) ‘Climate change 

adaptation policy in Ghana: Priorities for the agriculture sector.’ CCAFS working paper 68. 

CGIAR Research Program on Climate Change, Agriculture and Food Security (CCAFS), 

Copenhagen. [Assessed 20/11/2023]. 

Speranza, C.I., Kiteme, B., Ambenje, P., Wiesmann, U. & Mikal, S. (2010) ‘Indigenous knowledge 

related to climate variability and change: Insights from droughts in Semi-Arid areas of 

former Makueni district, Kenya.’ Clim. Change, 100(2), pp. 295–

315. https://doi.org/10.1007/s10584-009-9713-0 

Srivastava, P., Singh, R., Tripathi, S. & Raghubanshi, A.S. (2016) ‘An urgent need for sustainable 

thinking in agriculture: An Indian scenario.’ Ecol. Indic., 67, pp. 611-622. 

https://doi.org/10.1016/j.ecolind.2016.03.015 

Stead, D. & Meijers, E. (2009) ‘Spatial planning and policy integration: Concepts, facilitators, and 

inhibitors.’ Plan Theory Pract., 10(3), pp. 317–332. 

https://doi.org/10.1080/14649350903229752 

Stirling, A. (2015) ‘Emancipating transformations: From controlling ‘the transition' to culturing  

plural radical progress.’  The Politics of Green Transformations. London: Routledge; pp. 54-

67. 

Stringer, L.C., Fraser, E.D.G., Harris, D. Lyon, C., Pereira, L., Ward, C.F.M. & Simelton, E. (2020)  



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       243 

‘Adaptation and development pathways for different types of farmers.’ Environ. Sci. Policy, 

104, pp. 174-189. https://doi.org/10.1016/j.envsci.2019.10.007 

Stuch, B., Alcamo, J. & Schaldach, R. (2021) ‘Projected climate change impacts on mean and year-

to-year variability of yield of key smallholder crops in Sub-Saharan Africa.’ Clim. Dev., 

13(3), pp. 268-282. https://doi.org/10.1080/17565529.2020.1760771 

Sullo, C., King, R.S., Yiridomoh, G.Y. & Doghle, K. (2020) ‘Indigenous knowledge indicators in 

determining climate variability in rural Ghana.’ Rural Soc., 29(1), pp. 59-74. 

Šūmane, S., Kunda I., Knickel, K., Strauss, A., Tisenkopfs, T., des Ios Rios, I., Rivera, M., Chebach, C. & 

Ashkenazy, A. (2018) ‘Local and farmers' knowledge matters! How integrating informal and 

formal knowledge enhances sustainable and resilient agriculture.’ J. Rural Stud., 59, pp. 232-

241. https://doi.org/10.1016/j.jrurstud.2017.01.020 

Sumi, A. (2018) ‘Birds as Bioindicators of Traditional Weather Forecasting among the Sumi Tribe of  

Nagaland, India.’ Asian J. Environ. Ecol., 7(4), pp. 1-7. 
https://doi.org/10.9734/AJEE/2018/45208 

Surendra, S. J., & Awais, M. (2019) ‘Climate change and agricultural productivity: A theoretical and 

empirical review.’ Glob. J. Econ. Bus., 8(3) pp. 259–267 

Sutherland, W.J., Gardner, T.A., Haider, L.J. & Dicks, L.V. (2014) ‘How can local and traditional 

knowledge be effectively incorporated into international assessments?’ Oryx, 48(1), pp. 1–

2. https://doi.org/10.1017/S0030605313001543 

Swanson, B. E. & Rajalahti, R. (2010) ‘Strengthening agricultural extension and advisory systems: 

Procedures for assessing transforming and evaluating extension systems.’ Agriculture and 

Rural Development, Discussion Paper; No. 45. World Bank, Washington, DC.  World Bank. 

Taddicken, M. (2013) ‘Climate change from the user’s perspective: The impact of mass media and 

internet use and individual and moderating variables on knowledge and attitudes.’ J. Media 

Psychol., 25(1), pp. 39–52. https://doi.org/10.1027/1864-1105/a000080 

Taiwo, A. & Kumi, F. (2015) ‘Status of agricultural mechanization in Ghana: A case study of maize 

producing farmers in Ejura/Sekyedumase district, Ashanti region.’ Int. Res. J. Eng. Technol., 

2(9), pp. 36-43. 

Tashakkori, A. & Creswell, J.W. (2007) Editorial: Exploring the nature of research questions in mixed 

methods research. J. Mix. Methods Res., 1(3), pp. 207-211. 

https://doi.org/10.1177/1558689807302814 

Tashakkori, A., & Teddlie, C. (1998) ‘Mixed methodology: Combining qualitative and quantitative 

approaches.’ Sage Publications, Inc. 

Tashakkori, A. & Teddlie, C. (Eds.) (2010) ‘Sage handbook of mixed methods in social and 

behavioural research (1st ed.).’ Sage. https://doi.org/10.4135/9781506335193 

Taylor, M. (2018) ‘Climate-smart agriculture: what is it good for?’ J. Peasant Stud., 45(1), pp.89-107. 

https://doi.org/10.3390/su10061990 

Teddlie, C. and Tashakkori, A. (2009) ‘Foundations of mixed methods research: Integrating 

quantitative and qualitative approaches in the social and behavioural sciences.’ Sage. 

https://doi.org/10.1177/1558689807302814
https://doi.org/10.4135/9781506335193


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       244 

Tengö, M., Brondizio, E.S., Elmqvist, T., Malmer, P. & Spierenburg, M. (2014) ‘Connecting diverse 

knowledge systems for enhanced ecosystem governance: the multiple evidence base 

approach.’ AMBIO, 43(5), pp. 79-91. https://doi.org/10.1007/s13280-014-0501-3 

Teran, M.Y. (2018) ‘Cultural foundations for developing a Kichwa language program.’ Jutaprint. 

Penang, Malaysia. 

Terdoo, F. and Adekola, O. (2014) ‘Assessing the role of climate-smart agriculture in combating 

climate change, desertification and improving rural livelihood in Northern Nigeria.’ Afr. J. 

Agric. Res., 9, pp. 1180-1191. https://doi.org/10.5897/AJAR2013.7665 

Tesfaye, W. & Seifu, L. (2016) ‘Climate change perception and choice of adaptation strategies: 

Empirical evidence from smallholder farmers in east Ethiopia.’ Int. J. Clim. Change Strateg. 

Manag., 8(2), pp. 253-270. https://doi.org/10.1108/IJCCSM-01-2014-0017 

Teye, J.K., Yaro, J.A. & Bawakyillenuo, S. (2015) ‘Local farmers’ experiences and perceptions of 

climate change in the Northern Savannah zone of Ghana.’ Int. J. Clim. Change Strateg. 

Manag., 7(3), pp. 327-347. https://doi.org/10.1108/IJCCSM-05-2014-0066 

Thi Hong Phuong, L., Biesbroek, G.R. & Wals, A.E.J. (2017) ‘The interplay between social learning  

and adaptive capacity in climate change adaptation: A systematic review.’ NJAS - Wagening J 

Life Sci, 82, pp. 1–9. https://doi.org/10.1016/j.njas.2017.05.001 

Thierfelder, C. et al. (2017) ‘How climate-smart is conservation agriculture (CA)? – its potential to  

deliver on adaptation, mitigation and productivity on smallholder farms in southern 

Africa.’ Food Secur., 9 (3), 537–560, doi:10.1007/s12571-017-0665-3  

Thornton, P.K., Jones, P.G., Ericksen, P.J. & Challinor, A.J. (2011) ‘Agriculture and food systems in 

sub-Saharan Africa in a 4oC world.’ Philos. Trans. R. Soc. A: Math. Phys. Eng. Sci., 369(1934), 

pp. 117-36. https://doi.org/10.1098/rsta.2010.0246 

Thornton, T.F. & Maciejewski, S. (2012) ‘A collaborative engagement of local and traditional 

knowledge and science in marine environments: A review.’  Ecol. Soc., 17(3), pp. 

8. https://doi.org/10.5751/ES-04714-170308 

Thornton, P. (2012) ‘Recalibrating food production in the developing world: Global warming will 

change more than just the climate.’ CCAFS Policy Brief no. 6. CGIAR research program on 

climate change, agriculture, and food security.  https://hdl.handle.net/10568/24696 

Tompkins, E.L., Adger, W.N., Boyd, E., Nicholson-Cole, S., Weatherhead, K. & Arnell, N. (2010) 

‘Observed adaptation to climate change: UK evidence of transition to a well-adapting 

society.’ Glob. Environ. Change, 20(4), pp. 627-635. 

https://doi.org/10.1016/j.gloenvcha.2010.05.001 

Traore, B., Descheemaeker, K., van Wijk, M.T., Corbeels, M., Supit, I., & Giller, K.E. (2017) 

‘Modelling cereal crops to assess future climate risk for family food self-sufficiency in 

southern Mali.’ Field Crops Res., 201, pp. 133-145, https://doi.org/10.1016/j.fcr.2016.11.002 

Tripathi A. & Singh G.S. (2013) ‘Perception, anticipation and responses of people to changing 

climate in the Gangetic plain of India.’ Curr. Sci., 105(12), pp. 1673-1684. 

Trisos, C.H., Adelekan, I.O., Totin, E., Ayanlade, A., Efitre, J., Gemeda, A., Kalaba, K. Lennard, C., 

Masao, C., Mgaya, Y., Ngaruiya, G., Olago, D., Simpson, N.P. and Zakieldeen, S. (2022) 

‘Africa.’ In: Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of 

http://dx.doi.org/10.5897/AJAR2013.7665
https://www.emerald.com/insight/search?q=Wondimagegn%20Tesfaye
https://www.emerald.com/insight/search?q=Lemma%20Seifu


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       245 

Working Group II to the Sixth Assessment Report of the Intergovernmental Panel on Climate 

Change [H.-O. Pörtner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegría, 

M. Craig, S. Langsdorf, S. Löschke, V. Möller, A. Okem, B. Rama (eds.)]. Cambridge University 

Press, Cambridge, UK and New York, NY, USA, pp. 1285-1455. 

https://doi.org/10.1017/9781009325844.011 

Trogrlić, R.Š., Wright, G. Duncan, M. van den Homberg, M. Adeloye, A. Mwale, F. & Mwafulirwa, J.  

(2019) ‘Characterising local knowledge across the flood risk management cycle: a case study 

of southern Malawi.’ Sustainability, 11(6), pp. 1681. https://doi. org/10.3390/su11061681 

Tubiello, F. (2012) ‘Climate change adaptation and mitigation: challenges and opportunities in the 

food sector. Natural Resources Management and Environment Department. FAO, Rome, 

150. 

Tubiello, F.N., Rosenzweig, C., Goldberg, R.A., Jugtap, S., & Jones, J.W. (2002) ‘Effect of climate 

change on US crop production: Simulation results using two different GCM scenario. Part I. 

Wheat, Potato, Maize, and Citrus.’ Clim. Res., 20, pp. 259–270. 

https://doi.org/10.3354/cr020259 

Tun Oo, A., Van Huylenbroeck G., and Speelman, S. (2017) ‘Determining factors for the application 

of climate change adaptation strategies among farmers in Magwe District, dry zone region 

of Myanmar.’ Int. J. Clim. Change Strat. Manag., 9(1), pp. 36-55 

https://doi.org/10.1108/IJCCSM-09-2015-0134 

Turner, B.L., Kasperson, R.E., Matson, P.A., McCarthy, J.J., Corell, R.W., Christensen, L., Eckley, N., 

Kasperson, J.X., Luers, A., Martello, M.L. & Polsky, C. (2003) ‘A framework for vulnerability 

analysis in sustainability science.’ Proc. Nat. Acad. Sci., 100(14), pp.8074-8079. 

https://doi.org/10.1073/pnas.123133510 

Turnbull, D. (1997) ‘Reframing science and other local knowledge traditions.’ Futures, 29(6), 

pp.551-562. https://doi.org/10.1016/S0016-3287(97)00030-X 

Turner, N.J., Boelscher Ignace, M. & Ignace R. (2000) ‘Traditional ecological knowledge and wisdom 

of aboriginal peoples in British Columbia.’ Ecol. Appl., 10(5), pp. 1275–1287. 

https://doi.org/10.2307/2641283 

Turnhout, E., Metze, T., Wyborn, C., Klenk, N., & Louder, E. (2020) ‘The politics of co-production: 

Participation, power, and transformation.’  Curr. Opin. Environ. Sustain., 42, pp. 15-21. 

https://doi.org/10.1016/j.cosust.2019.11.009 

Ubisi, N., Mafongoya, P., Kolanisi, U. & Jiri, O. (2017) ‘Smallholder farmer’s perceived effects of 

climate change on crop production and household livelihoods in rural Limpopo province, 

South Africa.’ Change Adapt. Socio-Ecol. Syst., 3, pp. 27-38. https://doi.org/10.1515/cass-

20170003 

Uddin, M.N., Bokelmann, W. & Entsminger, J.S. (2014) ‘Factors affecting farmers’ adaptation 

strategies to environmental degradation and climate change effects: A farm level study in 

Bangladesh.’ Climate, 2(4), pp. 223–241. https://doi.org/10.3390/cli2040223 

Uittenbroek, C.J. (2014) ‘How mainstream is mainstreaming? The integration of climate adaptation 

in urban policy.’ PhD thesis, Utrecht, Utrecht University  



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       246 

Uittenbroek, C.J. (2016) ‘From policy document to implementation: organisational routines as 

possible barriers to mainstreaming climate adaptation.’ J. Environ. Policy Plan., 18(2), 

pp.161–176. https://doi.org/10.1080/1523908X.2015.1065717 

Uittenbroek, C.J., Janssen-Jansen, L.B. & Runhaar, H.A. (2012) ‘Mainstreaming climate adaptation 

into urban planning: overcoming barriers, seizing opportunities and evaluating the results in 

two Dutch case studies.’ Reg. Environ. Change, 13(2), pp. 399-411. 

https://doi.org/10.1007/s10113-0120348-8 

Uittenbroek, C.J., Janssen-Jansen, L.B., Spit, T.J.M. & Runhaar, H.A.C. (2014) ‘Organisational values 

and the implications for mainstreaming climate adaptation in Dutch municipalities: using Q 

methodology.’ J. Water Clim. Change, 5(3), pp. 443–456. 

https://doi.org/10.2166/wcc.2014.048 1108 

UNDP (2012). ‘Mainstreaming climate change in national development processes and UN country 

programming: A guide to assist UN country teams in integrating climate change risks and 

opportunities.’ UNDP. New York. [Assessed on 20/06/2022]. https://unfccc.int/node/61071 

UNDP News (2023) ‘Education is the key.’ [Assessed on 20/11/2023]. 

https://www.un.org/en/climatechange. 

UNDP–UNEP (2010) Local governance and climate change. A discussion note. [Accessed 

29/08/2022]. https://www.undp.org/publications/local-governance-and-climate-

changediscussion-note  

UNDP-UNEP: The Poverty-Environment Initiative (2021) ‘Mainstreaming climate change adaptation 

into development planning: A guide for practitioners.’ Chapter 1. 3 pp. UNDP-UNEP. 

www.unpei.org  

UNFCCC (2011) Decision 5/CP.17. National Adaptation Plans.’ UNFCCC. 

https://unfccc.int/files/adaptation/cancun_adaptation_framework/national_adaptation_pla

ns/applcation/pdf/decision_5_cp_17.pdf 

UNFCCC (2021) ‘Ghana rectification status: Paris Agreement.’ MESTI, Accra, Ghana 

United Nations (2004) ‘Best practices for organic policy. What developing country governments can  

do to promote the organic agriculture sector.’ New York. UNCTAD UNESCO (2002). Teaching 

and learning for a sustainable future. 

http://unesdoc.unesco.org/images/0012/001252/125238e.pdf.  

UNESCO (2002) ‘Teaching and learning for a sustainable future.’  

http://unesdoc.unesco.org/images/0012/001252/125238e.pdf 

UNESCO (2017) ‘World. Local knowledge, global goals.’ Paris: UNESCO. 

UNESCO-ICSU (2002) ‘Science and traditional knowledge.’ Report from the ICSU study group on 

science and traditional knowledge. Paris: International Council of Scientific Unions. 

International Council for Science Study Group, 2002. [Accessed 25/10/2024] 

Ungar, M. (2018) ‘Systemic resilience: principles and processes for a science of change in contexts 

of adversity.’ Ecol. Soc., 23(4), pp.34. https://doi.org/10.5751/ES-10385-230434 

Van den Brink, M. (2009) ‘Rijkswaterstaat on the horns of a dilemma.’ Delft: Eburon. PhD thesis. 

Radboud University Nijmegen 



   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       247 

Van der Linden, S. (2015) The social-psychological determinants of climate change risk perceptions: 

Towards a comprehensive model. J. Environ. Psychol, 41, pp. 112-124. 

https://doi.org/10.1016/j.jenvp.2014.11.012 

Vaughan, C., Buja, L., Kruczkiewicz, A. & Goddard, L. (2016) ‘Identifying research priorities to 

advance climate services.’ Clim. Serv., 4(C) pp.65-74. 

https://doi.org/10.1016/j.cliser.2016.11.004  

Vaughan, C., Dessai, S. & Hewitt, C. (2018) ‘Surveying climate services: what can we learn from a 

bird's-eye view?;  Weather, Clim. Soc., 10(2), pp. 373–395. https://doi.org/10.1175/WCAS-

D17-0030.1   

Veljanoska, S. (2018) ‘Can land fragmentation reduce the exposure of rural households to weather 

variability?’ Ecol. Econ., 154, pp. 42-51. https://doi.org/10.1016/j.ecolecon.2018.06.023 

Vijayasarathy, K. & Ashok, K.R. (2015) ‘Climate adaptation in agriculture through technological  

option: Determinants and impacts on efficiency of production.’ Agric. Econ. Res. Rev., 28(1), 

pp. 103-116. https://doi.org/10.5958/0974-0279.2015.00008.7 

Vincent, K., Steynor, A., McClure, A., Visman, E., Waagsaether, K.L., Carter, S. & Mittal, N. (2021) ‘Co 

-production: Learning from contexts.’ In. Climate Risk in Africa: Adaptation and Resilience, 

pp.37-56. https://doi.org/10.1007/978-3-030-61160-63 

Vogel, C. & O'Brien, K. (2006) ‘Who can eat information? Examining the effectiveness of seasonal 

climate forecasts and regional climate-risk management strategies.’ Clim. Res., 33(1), 

pp.111-122. http://doi.org/10.3354/cr033111 

Walker, B. & Meyers, J.A. (2004). ‘Thresholds in ecological and social-ecological systems: a 

developing database.’ Ecol. Soc., 9(2), pp.3. [Accessed 07/10/2024]. 

http://www.ecologyandsociety.org/vol9/iss2/art3/ 

Walker, B.H., Gunderson, L.H., Kinzig, A.P., Folke, C., Carpenter, S.R. and Schultz, L. (2006) ‘A 

handful of heuristics and some propositions for understanding resilience in social-ecological 

systems.’ Ecol. Soc., 11 (1), pp. 13. http://www.ecologyandsociety.org/vol11/iss1/art13/ 

Walker, J. & Cooper, M. (2011) ‘Genealogies of resilience: From systems ecology to the political  

economy of crisis adaptation.’ Secur. Dialogue, 42(2), pp.143-160. 

https://doi.org/10.1177/09670106113996 

Walker, W.E., Haasnoot, M. & Kwakkel, J.H. (2014) ‘Adapt or perish: A review of planning 

approaches for adaptation under deep uncertainty.’ Sustainability, 5(3), pp. 955-979. 

https://doi.org/10.3390/su5030955 

Wamsler, C. (2014) ‘Cities, disaster risk, and adaptation.’ Routledge, London. 

Wamsler, C. & Brink, E. (2014) ‘Planning for climatic extremes and variability: A review of Swedish 

municipalities’ adaptation responses.’ Sustainability, 6(3), pp.1359–1385. 

https://doi.org/10.3390/su6031359  

Wamsler, C. (2015) ‘Mainstreaming ecosystem-based adaptation: Transformation toward 

sustainability in urban governance and planning.’ Ecol. Soc., 20(2), pp.30. https://doi.org/ 

10.13140/RG.2.1.3936.3689 

http://www.ecologyandsociety.org/vol9/iss2/art3/
https://doi.org/10.1177/09670106113996


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       248 

Wamsler, C. and Pauleit, S. (2016) ‘Making headway in climate policy mainstreaming and 

ecosystem-based adaptation: Two pioneering countries, different pathways, one goal.’ Clim. 

Change, 137(1–2), pp. 71–87. https://doi.org/10.1007/s10584-016-1660-y 

Wang, J. (2015) ‘Integrating Indigenous with scientific knowledge for the development of 

sustainable agriculture: Studies in Shaanxi Province.’ Asian J. Agric. Dev., 1(2), pp. 41–58. 

https://doi.org/10.22004/ag.econ.280896 

Warren, D.M. (1991) ‘Using indigenous knowledge for agricultural development.’ World Bank 

Discussion Paper 127. Washington, D.C. 

Wasserman, M.R., Bender, D.E. & Kalsbeek, W.D. et al. (2005) ‘A church-based sampling design for 

research with Latina immigrant women.’  Popul. Res. Policy Rev., 24, pp.647–671 

https://doi.org/10.1007/s11113-005-5736-z 

Wasti, S.P., van Teijlingen, E., Simkhada, P., Rushton, S., Balen, J., Subedi, M., Karki, J., Adhikary, P.,  

Sapkota, S., Gautam, S., Marahatta, S., Panday, S., Bajracharya, B. & Vaidya, A. (2023) ‘For 

the Nepal Federal Health System Team. Selection of study sites and participants for research 

into Nepal’s Federal Health System. WHO South-East Asia J. Public Health, 12(2), pp 116-

119. https://doi.org/10.4103/WHO-SEAJPH.WHO-SEAJPH_169_22 

Water Footprint Network, (2016) Water Footprint Profiles. Water Footprint Network, International  

Water House. The Hague. www.waterfootprint.org 

Weaver, K. (2023). ‘Bridging Indigenous and Western knowledge-systems in knowledge co-

production with Amazonian Indigenous communities: A systematic realist review.’ Dev. 

Stud. Res., 10(1). https://doi.org/10.1080/21665095.2023.2203842 

Weber, E.U. (2010) ‘What shapes perceptions of climate change?’ Wiley Interdiscip. Rev: Clim. 

Change, 1(3) pp. 332-342. https://doi.org/10.1002/wcc.41 

West, C.T., Roncoli, C. & Ouattara, F. (2008) ‘Local perceptions and regional climate trends on the 

central plateau of Burkina Faso.’ Land Degrad Dev., 19(3), pp. 289-304. 

https://doi.org/10.1002/ldr.842 

Westley, F., Olsson, P., Folke, C. et al. (2011) ‘Tipping Toward Sustainability: Emerging Pathways of  

Transformation.’ AMBIO, 40, pp.762–780 https://doi.org/10.1007/s13280-011-0186-9 

White, I. & O’Hara, P. (2014). ‘From rhetoric to reality: which resilience, why resilience, and whose 

resilience in spatial planning?’ Environ. Plan. C: Gov. Policy, 32, pp. 934-950. 

https://doi.org/10.1068/c12117 

Whitfield, S., Dougill, A.J., Dyer, J.C., Kalaba, F.K., Leventon, J. & Stringer, L.C. (2015) ‘Critical 

reflection on knowledge and narratives of conservation agriculture.’ Geoforum, 60, pp.133-

142. https://doi.org/10.1016/j.geoforum.2015.01.016 

Whitmarsh, L. & Capstick, S. (2018) ‘Perceptions of climate change.’ In: S. Clayton and C. Manning 

(Eds.), Psychology and climate change: Human perceptions, impacts, and responses. pp.13–

33. Elsevier Academic Press. https://doi.org/10.1016/B978-0-12-813130-5.00002-3 

Williamson, J. (2021) ‘Increasing women's access to land through Public-Private Partnerships in 

Ghana.’  Blog August 31, 2021. Accessed 29/11/2024. agrilinks.org/post/increasing-

womens-access-land-through-public-private-partnerships-ghana. 

http://dx.doi.org/10.22004/ag.econ.280896
http://www.waterfootprint.org/


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       249 

Wilkinson, B., Amadio Viceré, M. G. and Montague, E. (2017) ‘Navigating the Unknown: Barriers to 

evidence-based defence and security policy in the European Union.’ Int. Spect., 52(1), pp. 

88–99. https://doi.org/10.1080/03932729.2017.1256931 

World Bank (2012) ‘Mainstreaming adaptation to climate change and natural resources 

management projects guidance notes (6): Identifying appropriate adaptation measures to 

climate change.’ Washington DC: The World Bank. [Accessed 25/09/2022]  

World Bank (2022) ‘Community driven development overview: development news, research, data.’ 

World Bank. [Accessed 25/09/2022] 

https://www.worldbank.org/en/topic/communitydrivendevelopment#1.  

World Energy Report (2020) ‘Ghana’s President commissions nation’s first micro-hydro power 

station. 25 Nov. 2020 energymixreport.com. [Accessed 28/09/2023]. https://www.world-

energy.org/article/14056.html 

World Intellectual Property Organisation (2018) ‘Traditional knowledge.’ [Accessed 18/08/2022]. 

https://www.wipo.int/tk/en 

World meteorological organisation (2022) ‘State of climate in Africa highlights water stress and 

hazards.’ Press release No. 09082022. 8th September 2022. [Accessed on 06/09/2023]. 

https://public.wmo.int/en/media/press-release/state-of-climate-africa-highlights-water-

stress-and-hazards  

Würtenberger L., Bunzeck, I.G. & van Tilburg, X. (2011) ‘Initiatives related to climate change in 

Ghana towards coordinating efforts.’ [Accessed 17/07/2023]. 

https://cdkn.org/sites/default/files/files/Ghana-initiatives-mapping-climate-change  

Wyborn, C., Datta, A., Montana, J., Ryan, M., Leith, P., Chaffin, B., Miller, C. & van Kerkhoff, 

L. (2019) ‘Coproducing sustainability: Reordering the governance of science, policy, and 

practice.’ Annu. Rev.Environ. Resour., 44, pp. 319–346. https://doi.org/10.1146/annurev-

environ-101718-033103 

Yagbon Radio Online (2020) ‘200,000 cashew seedlings to be distributed to farmers in the Bole 

district. Yagbon Radio news’ [Accessed on 07/09/2022]. 

https://yagbonradioonline.com/200000-cashew-seedlings-to-bedistributed-to-farmers-in-

boledistrict/ 

Yamba, S., Appiah, D.O. & Siaw, L.P. (2019) ‘Smallholder farmers’ perceptions and adaptive 

response to climate variability and climate change in southern rural Ghana.’ Cogent Soc. Sci., 

5(1), pp. 1-23. https://doi.org/10.1080/23311886.2019.1646626 

Yang, J., Li, Y., Cao, H., Yao, H., Han, W. & Sun, S. (2019) ‘Yield-maturity relationships of summer 

maize from 2003 to 2017 in the Huanghuaihai plain of China.’ Sci. Rep., 9(1), pp.11417. 

https://doi.org/ 10.1038/s41598-019-47561-2 

Yaro J.A. (2006) ‘Is De-agrarianisation Real? A Study of Livelihood Activities in Rural Northern 

Ghana.’ J. Mod Afr. Stud., 44(1), pp. 125-156. https://doi.org/10.1017/S0022278X05001448 

Yaro, J. & Teye J. (2019) ‘The Food System of Ghana: A Smallholder Perspective.’ [Accessed 

14/11/2023]. https://knowledge4food.net/wp-content/uploads/2019/02/190117-public-

seminar-ghanafoodsystemspptyaro  

https://doi.org/10.1146/annurev-environ-101718-033103
https://doi.org/10.1146/annurev-environ-101718-033103
https://doi.org/10.1038%2Fs41598-019-47561-2


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       250 

Yaro, J.A. (2010) ‘The Social dimensions of adaptation to climate change in Ghana. Economics of 

adaptation to climate change.’ Discussion paper 15. The World Bank, Washington, DC. 

[Accessed 14/11/2023.] 

Yaro, J.A. (2013). ‘The perception of and adaptation to climate variability/change in Ghana by small-

scale and commercial farmers.’ Reg. Environ. Change, 13(16), pp. 1259–1272. 

https://doi.org/10.1007/s10113-013-0443-5 

Yaseen, M., Xu, S., Yu, W. and Hassan, S. (2016) ‘Farmers’ access to agricultural information 

sources: Evidence from rural Pakistan.’ J. Agric. Chem. Environ., 5(1), pp.12–19. 

https://doi.org/10.4236/jacen.2016.51B00   

Yavuz, C., Kentel, E. & Aral, M.M. (2020) ‘Tsunami risk assessment: economic, environmental and 

social dimensions.’ Nat. Hazards, 104, pp.1413–1442. https://doi.org/10.1007/s11069-020-

04226-y 

Yeleliere, E., Antwi-Agyei, P. & Nyamekye, A.B. (2023) ‘Mainstreaming indigenous knowledge  

systems and practices in climate-sensitive policies for resilient agricultural systems in 

Ghana.’ Soc. Nat. Resour., 36(6), pp. 639-659. 

https://doi.org/10.1080/08941920.2023.2183446 

Yeleliere, E., Nyamekye, A.B., Antwi-Agyei, P. & Boamah, E.F. (2022a) ‘Strengthening climate 

adaptation in  

the northern region of Ghana: Insights from a stakeholder analysis.’ Clim. Policy, 2022:1–17. 

https://doi.org/10.1080/14693062.2022.2134085 

Yeleliere, E., Yeboah, T., Antwi-Agyei, P. & Peprah, P. (2022b) ‘Traditional agroecological knowledge 

and  

practices: The drivers and opportunities for adaptation actions in the Northern Region of 

Ghana.’ Reg. Sustain. 3 (4), pp. 294–308. https://doi.org/10.1016/j.regsus.2022.11.002 

Yiridomoh, G.Y., Appiah, D.O., Owusu, V. & Bonye, S.Z. (2021) ‘Women smallholder farmers off-

farm adaptation strategies to climate variability in rural savannah, Ghana.’ GeoJournal, 

86(5), pp. 2367-2385. https://doi.org/10.1007/s10708-020-10191-7 

Yu, S. (2012) College students’ justification for digital piracy: A mixed methods study. J. Mix. 

Methods Res., 6(4) pp. 364-378. https://doi.org/10. .1177/1558689812451790 

Yusuf, S.F.G., Masika, P. & Ighodaro, D.I. (2013) ‘Agricultural information needs of rural women 

farmers in Nkonkobe Municipality: The extension challenge.’ J. Agric. Sci., 5(5), pp.107. 

http://doi.org/10.5539/jas.v5n5p107 

Zachariadis M., Scott S. & Barrett M. (2013) Methodological implications of critical realism for 

mixed-methods research. MIS Quarterly, 37(3), pp. 855 – 879. 

https//doi.org/10.25300/MISQ/2013/37.3.09 

Zhou, Y. & Wu, L.M. (2022) ‘Reported methodological challenges in empirical mixed methods 

articles: A review on JMMR and IJMRA.’ J. Mix. Methods Res., 16(1), pp. 47–63. 

https://doi.org/10.1177/1558689820980212 

Ziervogel, G., Bithell, M., Washington, R. & Downing, T. (2005) ‘Agent-based social simulation: A 

method for assessing the impact of seasonal climate forecast applications among 

smallholder farmers.’ Agric. Syst., 83 pp. 1–26. https://doi.org/10.1016/j.agsy.2004.02.009 

https://doi.org/10.1007/s11069-020-04226-y
https://doi.org/10.1007/s11069-020-04226-y
https://doi.org/10.1080/08941920.2023.2183446
https://doi.org/10.1016/j.agsy.2004.02.009


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       251 

Zizinga, A., Kangalawe, R.Y.M., Ainslie, A., Tenywa, M.M., Majaliwa, J., Saronga, N.J. & Amoako, E.E. 

2017. Analysis of farmer’s choices for climate change adaptation practices in South-Western 

Uganda, 1980–2009’. Climate, 5(4), pp. 89. https://doi.org/10.3390/cli5040089 

Zougmoré, R., Partey, S. & Ouédraogo, M. et al. (2016) ‘Toward climate-smart agriculture in West 

Africa: A review of climate change impacts, adaptation strategies and policy developments 

for the  

livestock, fishery, and crop production sectors.’ Agric. Food Secur., 5(26), pp. 1-16. 

https://doi.org/10.1186/s40066-016-0075-3  

Zurba, M., Petriello, M.A. & Madge, C. et al. (2022) ‘Learning from knowledge co-production 

research and practice in the twenty-first century: global lessons and what they mean for 

collaborative research in 

Nunatsiavut.’ Sustain. Sci., 17, pp. 449–467. https://doi.org/10.1007/s11625-021-00996-x 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://doi.org/10.3390/cli5040089


   

 
Bridging TK & Agric Policy in Climate Change Adaptation in Ghana                       252 

8.0 Appendix  

8.1 Questionnaire  

A. Observed and perceived climate change and impact  

1. Have you experienced periods characterised by more or less favourable change in weather? 
a.   Yes       b.       No  
2. Select from the list the es mentioned in Q1 above   
a.  low intensity rainfall b. short rainfall period c. high intensity rainfall d. irregular rainfall 
pattern e.  increase temperatures f. decrease temperature g.  long drought period h. 
decrease in soil moisture   j. no observed/perceived es                                      
3.  In your opinion what are the causes of the changes described above? 
4.  Mention some of the effect of the changes on your livelihood. 

B.   Strategies used to adapt to climate e impact on farming 

I.    Land/Soil management practice/strategy 
5. Have you change your land preparation recently due to changes in weather pattern for the 

past 10 years? a.   yes     b. no       
6. Mention the different ways used in preparing your land for planting a. zero-tillage     
b. slash and burn   c.  tractor-driven plough    d. animal-driven plough     
e. mound-making   f.  others 
7. Out of the list mentioned above which ones have you been using regularly for the past 
years and why? 

MaxDiff Question: Tick from the list the different ways you prepare your soil now for 
planting.: a. animal droppings b.  mulch c. plant residues    d.  organic composting e.  NPK 
(inorganic fertilizers) 

8.  How often do you use pesticides on your farm? a.  once in a season b. twice in a season   c. 
as often as needed.   d. none 
9.  What technique do you use to ensure availability of water for your crops during the dry 
season?  a. Irrigation   b.  mulching   c.  ridging     d. mound-making e. terracing 
10.   How long have you been practicing the mentioned technique? a.  <1 year     b. 2–5 
years c.  5–10 years d.   >10 years  
11. In your opinion, are they effective in ensuring enough water for the farm? 
12. Has your farm size ed in the last ten years? a. increase   b. decrease c. same 
13. What are the reasons for the e of farm size? 
II.            Crop management and farm systems 
14. Have you ed the type of crops you have been growing recently within the last 10 
years?     a.        yes     b.        no 
15. If yes, what are your reasons for changing the crop type? 
16.   How many crops do you plant in a season on your farm?      a. 1.    b.  2 c. 3 d.4         
17. Describe the way you plant the different crops in the farm. 
18.   Why did you decide to plant that way as described in Q17? 
19.   When did you start planting many crops in a season/ at a time on the same farm? 
a.  < 1 year   b. 2–5 years c. 5–10 years   d. >10 years  
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20.  Did you learned this way from someone or re-introduce old practices? 
a. learned from training    b.  through extension agent c. traditional practices d. learned from 
other farmers 
21. List the benefits of planting this way? 
22. What other techniques/technologies have you introduced into your farming recently (5- 
10-year period) a.   new varieties b. drought-resistant varieties c. disease-resistant 
varieties d. early maturing varieties e.  e crop type f. new seeds g. planting date 
IV.            Access to weather information 
23.   Are you interested in weather forecast information for your farming activities? 
a.  yes     b. no 
24.  What are your reasons for your answer in Q23 above? 
25.   From which medium do you receive scientific weather information? 
a.  radio b. farmer platform via mobile phone c.  television d. extension service   e.     none 
26.  How do you receive the weather information? 
a.  daily       b.  monthly   c.  quarterly   d. yearly 
27.    What type of information do you receive? 
a.  daily temperature b. rainfall date and amount c. precipitation d. wind speed e. sun 
intensity 
28.  Is the weather information explanatory and beneficial for planning your farming activities 
for the season? 
29. Do you have any other ways to predict the weather traditionally? a. yes    b.  no    
30.  If yes, describe the various ways it is done 
31. Which of the methods (scientific and traditional) do you prefer to use and why? 
a.  scientific b. traditional c. both 
32.   What are your reasons for using your selected method over the other method in Q31 
above? a. accessible always   b.  very reliable   c.  irregular       d.  unreliable 
V.            Access to formal extension service 
33.   Have you received any agriculture (cropping) training within the last five years?   
a. Yes     b. No       
34.   From whom did you receive the training? 
a.  Agric extension officers b. NGOs c. farmer groups 
35.  What kind of training? 
a. farm management b. introduction/use of new technology (new seed, resistant varieties, 
use of fertilizer) c. weather patterns d.  proper use of fertilizer e. marketing ideas 
36.  In what way did the training e your farming activities? 
MaxDiff Question: How satisfied are you with public authorities such as the government, 
municipal assembly, community level authorities with their influence over farming matters? 
VI.            Participation farmer-based groups/organisations (FBOs) 
37.   Are you a member of any farmers’ groups/organisation? 
a.  yes    b. no       
38.  Which group(s)/organisation(s)? 
a. production (farmers) group     b.  credit association c.  agro-processing group                      d. 
marketing group e. mutual labour support   f. welfare service support g. procurement 
group                                             
39.  How long have you been a member? 
a.  < 2 years   b.  2–5 years c.  5–10 years   d. > 10 years  
40.  How has it helped in your farming activities? 
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41.  Are some of your farming practices based on your belief (cultural or religion)? Explain. 
VII.            Land holding 
42.  How many plots of land do you have for farming? 
a. 1    b. 2    c. 3   d. 4 e. >5   

43.  What is the size of the land you have access for cultivation? 
a.< 1 ha        b. 1–2 ha    c.   2 -3 ha    d.  > 4 ha  
44.  Ownership type? 
a.  self-owned     b. family land c.   lease   d.  shared lease 

C.   Biodata 

45.  Sex.  1. male               2.  female 
46.  Age of respondent. 1.   25 – 35      2.   36 – 45     3.    46 – 55   4. above 55  
47.  Level of education? 
a.  primary school b. junior secondary/high school or middle school c. secondary school   d. 
vocational school e. tertiary f. non-formal (night school).   g. others 
48.  Respondent’s position in household 
a.  head of household    b. member of household     
49.  Number of years respondent and family been farming. 
a.  0–4 years   b.  5–9 years c.  10–19 years   d. 20–29 years e. 30+ years 
50.  Name of community and district 

 

Appendix 8.2 Interview Guide 

1. Gender  
2. Age  
3. Office  

I. Awareness of climate e and its impact on farming 
4. Have you observed any impacts of climate change in Ghana? 
5. Kindly state the impact of climate e that you have observed and how long has it been 

occurring. 
6. Mention the sector, in your view, that is most impacted by climate change variations. 
7. Do you know how the sector is adapting to the changing weather to cope with the impact 

listed above? 
II. Awareness of Climate Change Policy Document/use of traditional strategies by 

smallholder farmers 
8. Are you aware that Ghana has Climate change policy?  
9. Does policy have relevance on your interventions/work/duties? 
10. Which ministry is at the forefront for its implementations? Linkages in the diverse 

ministries  
11. What strategies are smallholder farmer using in adapting to climate variations in their 

local communities? a. traditional b. scientific methods. 
12. Should the strategies mention above mainstream into the policy? 
13. Which of the ministry or department’s policy should the mainstreaming be done? At what 

level should the mainstreaming be implemented. 
14. What barriers do you foresee in the mainstreaming of the identified traditional strategies?  
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Appendix 8.3 Focus Group Discussion Topics 

Land preparation methods 

➢ Beds  
➢ Material used for composting/plant residues mulch. Animal droppings – type of animal 

domestic. 
➢ Change of crop type: dietary es made 
➢ Reduction temperature (low temperature) basis – dawn temp/day temp/night 

temperature. 
➢ Cropping systems used – millet/cowpea/rice/vegetable  
➢ Water conservation – no ticked: if not mound or ridges or terrace- what is used? 
➢ Irrigation type – local water harvesting or water from dams. 
➢ Traditional way of predicting weather: how and are they effective still. 
➢ Importance availability of water or fertilizer. 
➢ How farmers perceive Climate Change ‘risk or threat’ (worry about it; aspect that they are 

worried about).  
➢ What do you expect from NGOs, district, Agric officers (extension and development 

officers) and national government?  
➢ Experience with Agric extension officers. 

 


