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ABSTRACT 

Climate change is already taking place, and it is affecting the growth and potential yields 

of staple food crops and cropping systems, as well as the volatility and vulnerability of the 

smallholder farming systems. Ecosystem based adaptation (EbA) practices have proven 

to be flexible, cost effective, sustainable and immediate strategies needed to minimize 

climate risk to society, economy and ecosystems. 

To date, insight into EbA practices has often been based on reports from few case studies. 

Although these are informative, and provide evidence that people are using their natural 

environments to adapt, they provide rather dearth information with regards to the 

challenges and benefits of EbA practices in the context of agriculture. This thesis 

examines the challenges and prospects of EbA practices for smallholder farmers in J irapa 

district. Questionnaires, Focus Group Discussions and Interviews were the main data 

collection methods employed. As part of the findings, the study reveals that EbA practices 

can provide multiple benefits such as environmental, socio-cultural and economic 

benefits. Also, EbA practices adopted by smallholder farmers are challenged by both 

climate and non-climate limitations. Lastly, the participation of stakeholders/institutions is 

very crucial for an effective implementation ofEbA practices in agriculture. 

It is recommended that national and international governments need to still increase 

education, research and investment in EbA practices in agriculture that will help mitigate 

the challenges and encourage a large scale adoption by smallholder farmers in the district 

and beyond. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background to Study 

Agriculture now accounts for 38% of the global land area (F AO. 20 I I) and provides 

employment for 31 % of the world's employed people (World Bank. 2014). Like most 

third world countries, the World Bank, in 2008, indicated that agriculture is the main 

industry in Sub-Saharan Africa (SSA), employing 65% of Africa's labor force and 

accounting for about a third of its gross domestic product Agriculture is a dominant form 

of land management globally, and agricultural ecosystems cover nearly 40% of the 

terrestrial surface of the Earth (F AO, 2009). But, agriculture in SSA is characterized by 

very low yields due to agro ecological features, poor access to services, lack of knowledge 

and inputs and low levels of investment in infrastructure and irrigation (Calzadilla et al., 

2009). Climate change, accelerated by anthropogenic activities, is further expected to 

compound the problems of agriculture worldwide via changing the makeup and 

functioning of ecosystems as well as the critical benefits provided to humans and 

agriculture. Agricultural ecosystems are largely recognized as both providers and 

consumers of ecosystem services (CGIAR-WLE, 2014). For instance. pollination, pest 

control and nutrient cycling are some ecosystem services provided to agriculture (Swift et 

al., 2004; Barrios, 2007) and agriculture also serves as a vital source of ecosystem 

services to people (Tscharntke et al., 2005; Swinton et al., 2007). 

Basically, an ecosystem provides provisioning services (e.g., food, fresh water), cultural 

services (e.g., spiritual, aesthetic), supporting services (e.g., nutrient cycling, soil 

formation, primary production), and regulatory services (e.g., disease and climate 
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regulation) (MA, 2005: USEPA. 20 I 0). Agricultural ecosystems depend greatly on 

ecosystem services, which are crucial to human wellbeing, to provide humans with food. 

forage, bioenergy and medicines (Power, 20 I 0). Also, the author stated that, agriculture 

can be a source of several services (e.g., carbon sequestration, support for biodiversity and 

cultural services) or disservices (e.g .. loss of biodiversity, nutrient runoff and greenhouse 

gas emissions) to ecosystems and humans depending on the management practices 

employed. Humans depend on ecosystems for harvestable resources like food and fresh 

water; regulatory and supporting benefits like flood control and soil formation 

respectively; and their cultural. aesthetic, and recreational values (Grimm et al., 2013a). 

However, the Millennium Ecosystem Assessment (MA, 2005) showed that 60% (15 out of 

24) of ecosystem services are declining or overexploited worldwide. Ecosystem 

degradation undermines food production and the availability of clean water, among others, 

thereby threatening human health, livelihoods, and ultimately societal stability (Munang et 

al., 20 13b). Ecosystems, and the biodiversity and services they support, depend essentially 

on climate (Grimm et al., 20 13b). 

Ecosystem-based adaptation is underpinned by the concept of 'ecosystem services,' which 

describes the links between the natural environment and human well-being (Chong, 2014). 

The EbA concept is a potentially powerful tool in catalyzing international and national 

pledges to act due to its key defining features of a focus on societal adaptation and a 

targeting of the immediate adaptation needs of the poorest and most vulnerable 

communities who are adversely affected by climate change (Chong, 2014). EbA is an 

anthropocentric approach concerned with the way ecosystems can help people adapt to 

both current climate variability and future climate change (Olivier et al., 2012). It is often 

2 
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considered as a crucial adaptation tool at the doorstep of policy makers and planners to 

combat climate change. Many now acknowledge the importance of ecosystems and 

ecosystem services as a key component of adaptation (Coils et al .. 2009; Munroe et al .. 

2011; Reid, 2011; 2014c; Girot et al., 2012; [PCC, 2014a; Doswald et al., 2014). This is 

because many of those who are most vulnerable to climate change are also highly reliant 

on ecosystems and ecosystem services for their lives and livelihoods. Ecosystems and the 

services they provide are already the foundation of many successful adaptation strategies, 

especially for poor people, and many also deliver livelihood and climate change 

mitigation co-benefits (Reid and Alam, 2014a). There is also some evidence that EbA can 

be cost effective (Rao et al., 2013). For instance, the use of mangroves and salt marshes as 

a buffer against damage to coastal communities and infrastructure has been well 

researched and found to be effective both physically and financially in appropriate 

locations (Day et al., 2007; Morris, 2007). 

Africa's urgent adaptation needs stem from the continent's foremost sensitivity and 

vulnerability to climate change, together with its low levels of adaptive capacity (Niang et 

al., 2012). There are numerous agricultural practices, (e.g., inter-cropping, mulching, crop 

rotation) which could help farmers improve their farming systems and increase the 

resiliency of their systems to climate change (Wezel et al., 2014). Globally, farmers have 

been adapting to climate change, and current common practices include altering sowing 

times, crop cultivars and species, or irrigation and fertilizer control (Fujisawa and 

Koyabashi, 2010; Lasco et al., 2011; Olesen et al., 2011; cited in Mimura et al., 2014); 

reduced tillage practices; technical measures to more effectively capture rainwater and 

reduce soil erosion; and soil moisture and fertility improvement measures (e.g., mulching, 

3 
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cover cropping. crop rotation, and mixed farming) (Thomas et a! .. 2007: Marongwe et al., 

2011: Abarike et al .. 2014; cited in Mimura et al., 2014). These have proven to be 

effective in many cases, but some measures faced other problems: for instance. changes in 

sowing (eg., earlier sowing) and harvesting dates are often prevented by a more variable 

climate and lack of soil workability (Moriondo et al., 20 10; Oort, 2012). According to 

Munroe et al., (2012), there are many different ways to which adaptation to climate 

change may be realized and one way is through ecosystem-based adaptation (EbA). EbA 

are natural solutions to help society adapt to and mitigate climate change (Doswald and 

Osti. 2011). Certain favorable adaptation practices (e.g., mulching, inter-cropping, 

cornposting) take natural responses, like ecosystems services and biodiversity, to provide 

adaptation benefits to agriculture (Vignola et al., 2015). Some EbA activities include 

integrative adaptive forest management (Bolte et aI., 2009; Guariguata, 2009; Reyer et al .. 

2009), and the use of agroecosystems in farming systems (Tengo and Belfrage. 2004; 

cited in Noble et aI., 2014), ecotourism activities (Adler et al., 2013), land and water 

protection and management, and direct species management (Mawdsley et al .. 2009; cited 

in Noble et al., 2014). In simple terms, EbA practices completely focus on using the 

natural environment to provide multi-benefits to communities and ecosystems by reducing 

the impacts of climate change. 

4 

Climate change is expected to have a number of direct impacts on agroecosystems 

(Perrings, 2010). Impacts of climate change pose very serious risks for ecosystems and 

sectors including agriculture, biodiversity and among others (UNEP, 2009). The ultimate 

survival, livelihoods, and health of humans are affected by climate-change impacts on 

ecosystem structure and function via changes in the ecosystem services provided (Nelson 
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et aI., 2013). Climate change in Africa, like elsewhere, is already shown in changing 

precipitation patterns and more frequent or erratic extreme weather events such as floods. 

droughts, and heat waves (Bishaw et aI., 2013). For example, projected reductions in yield 

from rain-fed agriculture in some countries could be as much as 50% by 2020. and crop 

net revenues could fall by as much as 90% by 2100, with small-scale fanners being the 

most affected (Boko et al.. 2012). Thus, climate change has the tendency of adversely 

affecting agricultural production by reducing agricultural productivity, production 

stability, and incomes in some areas that already have high levels of food insecurity in 

Africa (F AO, 2007a; 201 Oa). The changing cl imatic conditions are affecting soi I moisture 

which may affects crop production adversely especially rice in Northern Ghana (Mabe et 

al., 2012). Though in some instances, climate change may increase the productivity of 

certain crops (e.g., Tubiello and Fischer, 2007; Schultz and Jones, 2010; Fuhrer and 

Gregory, 2014), the productivity of many crops (e.g., maize, groundnuts, sorghum) and 

livestock that smallholder farmers in developing countries raise are expected to, inter alia, 

be significantly reduced in the coming decades because of increased climate variability 

and climate change (Godfray et al., 2010; van Noordwijk et al., 2011; as cited in Vignola 

et al., 2015). Climate change is also expected to disproportionately affect smallholder 

farmers. 

Generally, smallholder farmers are regarded to be extremely vulnerable to climate change 

because changes in the frequency and intensity of extreme weather events directly upset 

their agriculture productivity, food security, income and well-being (Salinger et al., 2005; 

Harvey et al., 2014; Vignola et al., 2015). Globally, the major source of livelihood for 1.3 

billion smallholder farmers is dependent on agriculture, they cultivate small areas of land, 

5 
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use family labour, depend on their farms as their core source of both food security and 

income generation, and often lack influence and power over decisions that affect them 

(Cornish, 1998: Nagayets, 200S; World Bank, 2008; Fairtrade Foundation, 2013). A large 

proportion of these farmers have low access to education, information, rudimentary 

technology (inputs), and basic social and support services, and, consequently, have low 

adaptive capacity to deal with the consequences of climate change, with women playing a 

key role in production. (World Bank, 2010a; Regassa et al. 2010: AGRA. 2014). These 

undesirable characteristics of the smallholder farmer make them highly vulnerable to the 

harsh impacts of climate change regardless of their crucial role in food production. 

Smallholder farmers are projected to represent 8S% of the world's farms (Nagayets, 200S) 

and provide more than 80% of the food consumed in Africa and the developing world at 

large (IFAO, 2013: AGRA, 2014). Smallholder farmers make up almost half the world's 

peoples and grow at least 70% of the world's food (ETC group, 2009; cited in Fairtrade 

Foundation, 2013). In view of the importance of smallholder farmers, Vignola et al., 

(20 IS) indicated that, what happens to smallholder farmers in the future, as the cl imate 

changes, will therefore have significant social, economic and environmental 

6 

repercussions. 

According to F AO (2013), taking into consideration both the observed and expected 

impacts of climate change on smallholder farmers, as well as their importance to global 

food production, governments, NGO's and multilateral organizations are now actively 

endorsing actions to help smallholder farmers adjust to climate change. To boost the 

capacity of smallholder farmers to manage climate risks, majority of the efforts are 

targeted on both strengthening and expanding four key activities which include; adapting 
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farm management practices; developing new technologies like satellite-based earl) 

warning systems; assisting farmers In accessing credit, capital and risk-insurance: and 

facilitating government support in terms of subsidies, insurance, technical assistance (Smit 

and Skinner, 2002; as cited Vignola et al., 2015; Howden et al., 2007). Even though each 

one of these activities is useful and necessary, the last three are often challenging to 

implement in the short-term because of time constraints and lack of external support 

required to put in place the necessary enabling conditions such as appropriate policies, 

governance structures, economic incentives and infrastructure (Vignola et al., 2015). 

Therefore, the urgency with which smallholder farmers will need to progressively adapt to 

the harsh impacts of a rapidly changing climate requires a keen concern for a cost 

effective and wider range of their adaptation options. 

There are numerous ways in which EbA practices could potentially benefit smallholder 

farmers, in Jirapa District and Ghana at large, beyond just adapting to the impacts of 

climate change. EbA, nature's capacity and pursing ecological options, has proven to 

deliver flexible, cost effective and largely applicable benefits/options for tackling the 

impacts of climate change (Day et al., 2007; SCBD, 2009; Munang et al., 2013b, 2014). 

EbA practices can help ensure the continued provision of essential ecosystem services 

such as fresh water, nutrient regulation, pest control, pollination) that agriculture depends 

on (Lavorel et al., 2015). However, EbA is faced with numerous problems (IPCC, 2014a; 

Munang et al., 2014; Vignola et al., 2015) that may impede the full potentials of these 

practices. A strong body of evidence of the challenges and prospects of EbA practices for 

smallholder farmers is still inadequate to encourage a large scale adoption in agriculture. 

This study presents such an opportunity. 
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1.2 Problem Statement 

Agriculture is the most widespread occupation in Ghana with over 60% of the working 

class population being farmers (Agyernan et al .. 2011). Ghana's agriculture is dominated 

by approximately 2.74 million smallholder farmers with an average farm size of about 1-2 

hectares and low use of improved technology and accounting for about 80% of the 

country's agricultural output. (MoFA, 2011; Asante and Amuakwa-Mensah, 2014). 

According to Namara et al., (2011), agriculture has a central socio-economic position in 

Ghana. This sector accounts for about 65% of the work force, about 40% of the GDP and 

about 40% of foreign exchange earnings through exports (Namara et al., 20 II). 

In spite of the importance of the agricultural sector, it is the most vulnerable sector in 

Ghana and other developing countries when issues of climate change are discussed since 

the sector's activities are largely rain-fed (Asante and Arnuakwa-Mensah, 2014). Three 

major physical impacts of climate change have been identified in Ghana and these are; 

temperature change, change in rainfall and sea level rise (World Bank, 2014). There is a 

shift in the rainfall regime in Ghana towards a longer dry season and vanishing wet season 

(Owusu et al., 2008). Climate change affects the resilience of the poor and vulnerable 

across Ghana, especially those in the Northern part of the country where poverty is 

endemic to cope with emergencies triggered by natural and related disasters (Akudugu and 

Alhassan, 2012a), Besides, the adaptive capacity of these three northern regions is the 

lowest nationwide due to low socioeconomic development and heavy dependence of local 

economies and livelihoods on rain-fed systems such as agriculture. 

Owing to the reliance of the Ghanaian economy on the agriculture sector, that is highly 

sensitive and vulnerable to climate change, it is necessary to take measures that would 
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improve agriculture, maintain a healthy ecosystem and reduce the negative impacts of 

climate change. In 20 II. Stanturf et al., indicated that majority of farmers 111 Ghana 

integrated different approaches (e.g., crop rotation with intercropping). in order to 

minimize risk of crop failure from drought or flooding, and to meet food security and 

income needs. However, when famers are confronted with climate-related threats, first 

thought is given to engineered and technological approaches (Non-EhA) to adaptation 

(Noble et al., (2014). But other authors (Graymore et al., 200 I: Battaglin et al., 2003: 

Carabias-Martinez et al., 2003; cited in Vignola et al., 2015) have shown that these 

approaches may have costly and/or harmful impacts on the provision of ecosystem 

services and environment. In line with this, it is significant for smallholder farmers to 

center on using farm management practices based on biodiversity and ecosystem services 

as an immediate and direct means of providing adaptation benefits (van Noordwijk et al.. 

20 11; as cited in Vignola et al., 2015). Several smallholder farmers are already applying 

agricultural practices that sustain complex agrobiodiversity and cope with climate change 

(Lin, 2007; Altieri and Koohafkan, 2008) and provide more stability to them through 

diversification of production systems and sources of income generation (Munang et al .. 

2014). 

9 

Ecosystem-based Adaptation practices in agriculture include, inter alia, the management 

of trees in agroforestry, mulching, cover cropping, diversification of crop varieties and 

planting of windbreaks. Since the concept of EbA was developed, many authors (Harvey 

et al., 2013; Munang et al., 2014; Lavorel et al., 2015; Vignola et al., 2015), have showed 

that the use of Ecosystem-based Management (EbM) practices in agricultural systems and 

landscapes can help smallholder farmers adapt to climate change by providing both farm 
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level and landscape level benefits. Moreover, there are several success stories In some 

African countries (e.g., Malawi, Burkina Faso, Togo. Mozambique. Uganda and South 

Africa) (Scherr and Sthapit, 2009; Munang et al.. 2013b) and the rest of the world (e.g .. 

Costa Rica, etc) (Vignola et al., 2015), where EbA practices were adopted. All these 

countries are faced with similar conditions and/or challenges as the Jirapa District such as; 

increased temperatures, erratic rainfall, loss of biodiversity, drought, degraded lands and 

water shortage. 

Despite the benefits of EbA globally, there is paucity of information on EbA practices in 

agriculture and this is very regrettable. Because it is the sort of evidence that is needed by 

development agencies, smallholder fanners and EbA proponents, if they are to support the 

efforts of adaptation to climate change and increase agricultural output. Besides, little 

attention has been specified to assess the EbA practices adopted by smallholder farmers 

and the various institutions/stakeholders that could enhance the use of EbA practices by 

smallholder fanners. Likewise, some researchers lack a clear understanding of which 

practices could be considered as EbA practices. A poor understanding of EbA can result in 

maladaptation (Reid and Schipper, 20 14b). A large-scale implementation of EbA practices 

in agriculture could help smallholder fanners improve production by adopting farming 

practices that are not only ecologically sustainable but also resilient to climate change. 

This therefore, calls for the need to understand and empirically investigate the challenges 

and prospects of EbA practices for smallholder fanners in the J irapa District. 

10 
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1.3 Research Questions 

Main Research Question 

What are the potentials of EbA practices for smallholder farmers in the Jirapa District? 

1.3.1 Sub Research Questions 

1. What are the challenges of EbA practices to smallholder farmers In the Jirapa 

District? 

2. How beneficial are EbA practices to smallholder farmers in J irapa District? 

3. Which institutions and stakeholders could support the adoption of EbA practices in 

J irapa District? 

1.4 Research Objectives 

Main Research Objective 

Assess the potentials of EbA practices for smallholder farmers in the Jirapa District? 

1.4.1 Sub Research Objectives 

Specifically, the study focused on these objectives: 

1. Unearth the challenges associated with EbA practices for smallholder farmers in 

the Jirapa District. 

2. Find out the prospects of EbA practices for smallholder farmers In the J irapa 

District. 

3. Ascertain the various institutions and stakeholders that could support the adoption 

of EbA practices in the J irapa District. 

I I 
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1.5 Area of Study 

1.5.1 Introduction 

The Jirapa District established by LI 1902 was carved out of the then Jirapa-Lambussie 

District as part of a further enlarging and deepening of Ghana's decentralization processes 

in 2007. The District is located in the north western corner of the Upper West Region of 

Ghana and one of eight districts in the region. It lies approximately between latitudes 

10.25° and 11.00° North and longitudes 20.25° and 20.40° West with a territorial size of 

1,188.6 square kilometers representing 6.4 percent of the regional landmass (PHC, 2010). 

Jirapa District is bordered to the south by the Nadowli-Kaleo District, to the north by the 

Lambussie-Karni district, to the West by Lawra District and to the east by the Sissala 

West District (PHC, 2010). The district capital, Jirapa, is 62 km away from Wa, the 

Regional capital. See Figure 1 below 

Figure 1: Map of Jirapa District Showing the Study Communities 

Nadowll/Kaleo .-~ -""""' ._- 
~~ 
I::I~~ 
D~~ 

Source: Adapted from GSS-GIS, (2010 PHC). 
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1.5.2 Physical Characteristics 

1.5.2.1 Topography and Drainage 

The district is not well drained as no major fivers are found except the intermittent 

tributaries of the Black Volta River. These are Kaabaa around Ullo, Bakpong near Baazu. 

Oazugri in lirapa and Telenbe at Tizza (GSS, 2010). In the long dry season, these 

tributaries dry up leaving the district with no surface water catchment for domestic and 

agricultural purposes. The valleys of these tributaries are suitable for the development of 

small-scale irrigation dams and dugouts for dry season gardening, fishing and watering of 

animals, especially cattle. There are however, small-scale dams and dug-outs scattered 

throughout the district. Konzokala, Tizza, Jirapa and Ullo are some of the places where 

one can find dams and dug-outs (GSS, 2010). Topographically, the landscape of the 

district is generally flat and low-lying with average height of 300 meters above sea level. 

There are few plateau surfaces ranging between 1,000-1,150 feet (GSS, 2010). 

13 

1.5.2.2 Geology and Soil 

The soil of the district is mainly sandy loam with underlying hard iron pans. There are 

however narrow strips of alluvial soils along the numerous dry valleys of the tributaries of 

the Black Volta River suitable for rice farming. It is important to remark that the sandy 

loam is susceptible to severe sheet and gully erosion caused by surface run-off during the 

peak of the wet season. The widespread erosion adversely affects not only the fertility of 

the soil but also contributes in silting the few dams in the district. Generally, however, the 

sandy loam is very fertile and enhances large scale cultivation of groundnuts. There are 

large tracks of fertile soils in Somboro, Tuggo, Han and Mwankuriareas that can support 

large-scale agricultural production (GSS, 2010). 
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1.5.2.3 Climate and Vegetation 

The district is located in the tropical continental climate regime with mean annual 

temperature ranging between 280 C to 310 C which offers the opportunity for the 

development of solar energy. During the months of April/May-October the district 

experience a single rainy season induced by the moist monsoon winds with an intensity of 

1,000-1, I OOmm per annum and humidity ranging between 70-90 percent but falling to 20 

percent in the dry season. The prevailing winds, the tropical continental air mass blowing 

from the North-East (Sahara), are cold, dry and dusty (Harmattan) usually between 

November to March (GSS, 20 10). 

14 

The vegetation of the district is generally the Guinea Savannah woodland with light 

undergrowth and scattered medium sized trees. The major trees which are also the 

economic ones are shea, dawadawa, baoba and neem. Human activities such as bush 

burning, tree felling for fuel wood and charcoal burning, improper farming practices and 

the excavation of vast areas for sand and gravel all contribute immensely to destruction of 

the natural vegetation and therefore the environment. The district has no major forest 

reserves except some isolated pockets at Somboro, Tuolong and Yagbetuolong along the 

Black Volta that are undeveloped (GSS, 2010). 

1.5.3 Demographic Characteristics 

1.5.3.1 Population Size, Structure and Composition 

The population of J irapa District, according to the GSS, (20 I 0) Population and Housing 

Census, is 88,402 representing 12.6 percent of the region's total population. Males 

constitute 47.0 percent and females represent 53.0 percent. About 85.6 percent of the 

population live in rural localities. The district has a sex ratio of 88.9. The population of the 
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district is youthful (under 15 years) (42.8%) depicting a broad base population pyramid 

which tapers off with a small number of elderly persons 60 years and above (9.3%). The 

total age dependency ratio for the District is 99.0, the dependency ratio in the rural 

localities is higher (105.8) than that of the dependency ratio in the urban areas (66.44) 

(GSS, 20 I 0). 

1.5.3.2 Political Administration 

The political administration of the District is made up of the District Assembly which 

consists of a secretariat headed by the District Chief Executive as the political head and 

the District Co-ordinating Director as the administrative head and principal advisor to the 

District Chief Executive (GSS, 20 I 0). The sub-committees in the Jirapa District Assembly 

include; Finance and Administration sub-committee; Development sub- committee; Social 

service sub-committee; Works sub-committee; Justice/Security Sub-committee and Micro 

& Small scale Enterprise Sub-committee. The District Assembly is divided into Town and 

Area Councils, depending on the population and land area of the district. The Jirapa 

District has one (1) Town Council with its headquarters at Jirapa, seven (7) Area Councils 

and 37 Unit Committees. 
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1.5.4 Social Characteristics 

1.5.4.1 Household Size, Composition and Structure 

The district has a household population of 87,308 with a total number of 13,911 

households. The average household size in the district is 6.3 persons per household. 

Children constitute the largest proportion of the household composition accounting for 

41.0 percent. Spouses form about 9.4 percent while other relatives constitute 13.9 percent. 

Extended households (head, spouse(s), children and heads relative) constitute 51.0 percent 
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of the total number of households in the district and this is followed b)' nuclear households 

(head. spouse(s) and children) (16.1 %) (GSS, 20 I 0). 

1.5.4.2 Literacy and Education 

Of the population II years and above, 44.9 percent are literate and 55.1 percent are non 

literate. The proportion of literate males is higher (52.4 %) than that of females (38.8%). 

About seven out often people (65.9%) indicated they could speak and write both English 

and Ghanaian languages. Of the population aged 3 years and above (31,679) in the 

district. 47.9 percent has never (GSS, 2010). 

1.5.5 Economic Characteristics 

1.5.5.1 Economic Activity Status 

About 73.5 percent of the population aged 15 years and older are economically active 

while 26.5 per cent are economically not active. Of the economically active population, 

97.0 percent are employed while 3.0 percent are unemployed. For those who are 

economically not active, a larger percentage of them are students (43.9%) and 24.2% 

perform household duties. Again, about 47.0 percent of the unemployed are seeking jobs 

for the first time and are available for work as well (GSS, 20 I 0). 

1.5.5.2 Industry 

Though manufacturing and agro processing is of great importance in the district, it is done 

on a small scale. This sector covers shea butter and dawadawa extraction, basket and 

pottery making, carpentry, masonry, pito brewing and neem cane chair, blacksmithing and 

bed making. These products are mainly for the local market since there is inadequate 

credit and management skills to produce in large quantities for external market (GSS, 

2010). In the district, 82.7 percent of households are engage in agriculture. In the rural 
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localities. 92.2 percent of households are agricultural households while in the urban 

localities. 47.3 percent of households are into agriculture. Most households in the district 

(96.2%) are involved in crop farming with goat as the dominant animal reared in the 

district (GSS, 20 I 0). Of the employed population, about 70.8 percent are engaged as 

skilled agricultural, forestry and fishery workers, 16.2 percent in craft and related trade 

and 4.9 percent in service and sales. About 4.2 percent are engaged as managers. 

professionals. and technicians (GSS, 20 I 0). 
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Farming System 

Type of farming system being operated in the district include monocroping, crop rotation. 

mixed cropping, land rotation and compound farming 

Major crops produced 

The major cereal crops cultivated in the district include Maize, Sorghum, Mi lIet, 

groundnuts and rice. The rest include Cowpea, Soybean and Bambara groundnuts. 

Vegetable crops are Tomatoes, Pepper, Okra, and Onions. Cabbage and lettuce are not 

produced in significant quantities in the district. Tree crops that are cultivated in the 

district include mango and Cashew. Some tree crops like dawadawa and the Shea trees are 

naturally grown on the farms. These are then protected taken care of till they are 

producing fruits. Root and tubers like Yam, Cassava, and sweet potato are grown in 

smaller acreages throughout the district. The fertile soils of the eastern portions of the 

district support the cultivation of Yam in larger quantities. The only industrial crop grown 

in the district is cotton. This is found in the eastern belt of the district. 
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Fertilizer Subsidy Programme 

Government Fertilizer subsidy program was well embraced b) all fanners in the district. 

The subsidy resulted in more farmers being able to purchase fertilizer thereby resulting in 

the increase in the yield of crops and consequently increase in the production of maize in 

the district. 

Despite a recent surge in research on ecosystem-based adaptation and agriculture by 

several writers (Altieri and Koohafkan, 2008; Emerton et al., 2009; Calzadilla et al., 2013; 
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Fish Production 

There is no organized fish production in the district since 1988. There are however dams 

and dugouts were fishing is done by the local fishermen throughout the year. Data on the 

fish catch is difficult since these fishermen do their own thing both at night and day. 

Appropriate fishing methods and nets are not being used in fishing. There is no staff 

attached to the fishing unit due to lack of staff. Sometimes the regional fisheries 

department comes occasionally to fish in these dams with difficulty since the local 

fishermen in the communities would not understand why they should come from the 

region to fish in their waters. 

1.6 Significance of the Study 

Though global leaders in 2012, unambiguously recognized ecosystems as the fundamental 

component in tackling the negative impacts of climate change questions, regarding the 

types of strategies, approaches and actions required, still generate lots conflicting views 

from the international community (Munang et al., 2014). This study would provide some 

answers to help reduce these divergent opinions by showing some of the importance or 

benefits of EbA practices to the global society. 
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Munang et al.. 2013: 2014: Doswald et al., 2014; Chong, 2014: Vignola et 01..2015) and 

global societies (SCBD. 2009; IUCN, 2009; FAO, 2013; UNFCCC, 2013) showing the 

roles or benefits of biodiversity and ecosystem services to agriculture and climate change 

adaptation, just a few have investigated the prospects and challenges of EbA in agriculture 

and the various institutions to support or promote a mass adoption of EbA by smallholder 

farmers and provide recommendations on how EbA could be promoted across smallholder 

farming systems globally. For example, Vignola et al., (2015) focused on only coffee 

farmers' practices but this study focused on staple crops (e.g., maize, millet and 

groundnuts) cultivated and the various EbA practices adopted by smallholder farmers. 

Identifying ecosystem-based adaptation practices which can both help farmers to adapt to 

climate change and conserve the agroecosystems' capacity to provide both on-site and off 

site ecosystem services is important. Not only would Africans' food production be hit 

more by extreme heat waves and drought if the climatic changes persist at the current rate 

(World Bank, 2013), but also the rapidly growing human population would exert pressure 

on both provisioning (e.g., food, fiber) and non-provisioning (e.g., water and nutrient 

cycles) services in agricultural landscapes (Tilman et al., 2002; Jackson et al., 2007). 

Notwithstanding the above, the study would benefit smallholder farmers struggling with 

the adverse impacts of climate change in the district and country at large to improve their 

adaptation, production and environmental management efforts. Because, the study would 

is expected to reveal benefits such as the cost-effectiveness, conservation and sustainable 

use ecosystem services, adaptation to climate change and diversification of production 

systems and sources of income from EbA practices. This will go a long way to further 

strengthen poverty reduction efforts in the district and region at large. 
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Moreover, the results (e.g., the vanous stakeholders. adopted EbA practices, soil and 

water conservation. production outputs, financial and non-financial support, among 

others) that will be generated from this study may help secure the commitment of vital 

stakeholders and development agencies working in the district. Because this information 

could guide investment and technical assistance on agriculture and ecosystem-based 

strategies. In addition, it may facilitate a broader dialogue on ecosystems and climate 

change issues among the stakeholders of development in the design of projects in Ghana. 
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Furthermore, the study is envisioned to support the efforts in consolidating the integration 

of ecosystem-based adaptation issues into national development planning and policies. 

The study would do so by indicating the lack of or inadequacy of information on 

ecosystem-based practices which may hinder the upscale of EbA practices in Ghana. 

1. 7 Scope of the Study 

The study covered three selected communities in the Jirapa District of the Upper West 

Region of Ghana. The thesis examined the challenges and prospects of Ecosystem-based 

Adaptation for smallholder farmers. The study spanned from 2015 to 2016 whiles a 40 

year period was considered for climate change data and Ecosystem-based Adaptation 

practices because climate change data usually covers decades or centuries. Nevertheless, 

the study focused on staple crops (e.g., maize, millet and groundnuts) within the cultivated 

ecosystem. 
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1.8 Ethical Consideration 

Since the study needed correct and relevant information on the EbA practices. benefits and 

challenges of EbA for smallholder farmers, the study adopted a professional attitude by 

explaining the purpose and the potential benefits of the study to the respondents. 

Participants' consent was sorted and anonymity guaranteed for all. Hence. the consent of 

the respondents was sought for in the event of using the information provided by them for 

any other purposes. This helped to strengthen trust from participants in the research work. 
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1.9 Organization of the Study 

The study was structured into five chapters. Chapter one covered, inter alia, general 

background, problem statement, research questions, and objectives, significance, scope, 

ethics and organization of the study. Chapter two reviewed related literature, conceptual 

definitions, adaptation, ecosystems, ecosystem services, ecosystem-based adaptation, 

natural resource management, biodiversity, climate change, resilience, vulnerability and 

among others. Chapter three was devoted to methodological approach and methods of 

data collection for the study, techniques/ methods of data analysis and presentation and 

district profile. The analysis of data collected and discussions in chapter four. Chapter 

five comprised summary of findings, conclusion and recommendations of the study. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Introduction 

This chapter aimed at placing the study in a scholarly context by reviewing the main 

22 

contributions made by researchers on the concept of ecosystem-based adaptation (EbA), 

ecosystem management practices, ecosystem service-based, smallholder farms/agriculture. 

agriculture, climate change and the main linkages between them. It unveiled some of the 

global views that people have shared particularly on the concept of ecosystem-based 

adaptation and the likely challenges and benefits of ecosystem-based adaptation practices 

as well as the potential supportive institutions and stakeholders that could support the 

implementation and/or adoption of EbA practices. 

The literature review was organized around six main sections. Section one consisted of the 

definitions of key terminologies. The second section focused on an overview of 

ecosystems, ecosystem services and climate change. The third section concentrated on 

climate change, agriculture and smallholder farmers. The fourth section looked at 

Ecosystem-based adaptation and climate change. The fifth section dealt with the potential 

institutions/stakeholder that could support the adoption of EbA practices. The last section 

focused on the conceptual framework. 

2.2 Definition of Key Terminologies 

Ecosystem 
An ecosystem IS an interdependent system of plants, animals, and microorganisms 

interacting with one another and with their physical environment (US EPA, 20 I 0). Also, 

the Convention on Biological Diversity (CBD, 1992) defines an ecosystem as a dynamic 
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complex of plant. animal and microorganism communities and their non-living 

environment interacting as a functional unit. 

Ecosystem approach 
The ecosystem approach is a strategy for the integrated management of land. water and 

living resources that promotes conservation and sustainable use in an equitable way 

(SCBD, 2009). 

Ecosystem Service-Based Approach 
An ecosystem service-based approach to agricultural development appraises the decisions 

In addition, ecosystem services are the environmental conditions and processes resulting 

made on land and resource use in order to be able to boost agricultural yields, without 

degrading the natural resources and ecosystems that make it possible to grow that food 

(CGIAR-WLE,2014). 

Ecosystem Services 
Ecosystem services, sometimes known as ecosystem goods and services, are defined as 

the benefits (direct and indirect benefits) people obtain from ecosystems (SCBD, 2009). 

from the combined actions of species in natural and managed ecosystems that perform 

valuable functions to sustain and support human life (Daily 1997; cited in MA, 2005; 

Walker and Salt 2006). 
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Ecosystem-based Adaptation (EbA) 
The acronym EbA often denotes; Ecosystem-based Approaches for Adaptation or 

Ecosystem-based Adaptation or Ecosystem-based Approaches or Ecosystem Approaches 

to Adaptation / "Ecosystem-based Adaptation is the use of biodiversity and ecosystem 

services as part of an overall adaptation strategy to help people to adapt to the adverse 

effects of climate change" (SCBD, 2009). Alternatively, EbA is defined as the use of 
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natural capital by people to adapt to climate change impacts, which can also have multiple 

co-benefits for mitigation. protection of livelihoods and poverty alleviation (IUCN, 2009: 

Doswald and Osti, 20 I I; Munang et 01., 2013a). 

Biodiversity 
Biodiversity or biological diversity" means the variability among living organisms from 

all sources including, inter alia, terrestrial, marine and other aquatic ecosystems and the 

ecological complexes of which they are part; this includes diversity within species, 

atmosphere and which is in addition to natural climate variability observed over 

between species and of ecosystems (SCBD, 2009). 

Climate Change 
According to the )PCC (2014a), "Climate change refers to a change in the state of the 

climate that can be identified (e.g., by using statistical tests) by changes in the mean 

and/or the variability of its properties, and that persists for an extended period, typically 

decades or longer". In addition, the United Nation Framework Convention on Climate 

Change (UNFCCC) defines climate change as "a change of climate which is attributed 

directly or indirectly to human activity that alters the composition of the global 

comparable time periods" (UNFCCC, 1992). 
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Climate Variability 
Climate variability refers to short-term fluctuations and associated weather conditions of 

each region (Campos et al., 2013). They further stated that, the fundamental difference 

between climate change and climate variability is that climate change looks at long-term 

changes at the international scale, while climate variability short-term changes at the local 

scale. 
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Adaptation 
Adaptation simply refers to the process of adjusting to the actual or expected climate and 

its effects (I pee. 20 14a). Adaptation can be seen as a process to promote the maintenance 

or further adoption of ecologically-based management practices that can provide 

institutions of a country or region or an individual to implement effective adaptation 

adaptation benefits (Vignola et al., 2015). 

Adaptive Capacity 
Adaptive capacity is understood as the set of adjustments of the social system in response 

to climatic stimuli that reduce the impact severity and enhance local adaptation 

opportunities (Campos et al., 2013). It also means the whole of capabi I ities, resources and 

measures (lPCC, 2007a). 

Resilience 
The {PCC referred to resilience as "the capacity of social, economic, and environmental 

systems to cope with a hazardous event or trend or disturbance, responding or 

reorganizing in ways that maintain their essential function, identity, and structure, while 

also maintaining the capacity for adaptation, learning, and transformation" (IPCC, 2014a). 

25 

Vulnerability 
Vulnerability is referred to as the propensity or predisposition to be adversely affected and 

encompasses a variety of concepts and elements including sensitivity or susceptibility to 

harm and lack of capacity to cope and adapt (IPCC, 2014a). 

Impacts 
According to the IPCC (20 14a), the term impacts is used primari Iy to refer to the effects 

on natural and human systems of extreme weather and climate events and of climate 

change. 
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Stakeholder 
A "stakeholder" can be defined as "any individual, group, or institution who has a vested 

interest in the natural resources of the project area and/or who potentially wi II be affected 
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by project activities and have something to gain or lose if conditions change or stay the 

same" (Golder and Gawler, 2005). 

Smallholder Farmers 
Smallholder farmers defined as fanners who cultivate small areas of land (usually less 

than 10 ha, often less than 2 ha), use family labour, depend on their farms as their core 

source of both food security and income generation, and often lack influence and power 

over decisions that affect them (Cornish, 1998; Nagayets, 2005; Fairtrade Foundation. 

2013). 

2.3 Ecosystems, Ecosystem Services and Climate Change 

2.3.1 Ecosystems and Ecosystem Services 

An ecosystem as a dynamic complex of plant, animal and microorganism communities 

and their non-living environment interacting as a functional unit (CBO, 1992). Over the 

past decades, progress has been made in understanding how ecosystems provide services 

and how service provision translates into economic value (Forsius et al., 2013). 

Nonetheless, the losses of ecosystem services continue more rapidly than ever (Costanza 

et al., 1997, MA. 2005; Cardinale et al., 2012; Ehrlich et al., 2012). The global assessment 

being undertaken by the MA, (2005) is based on 10 categories: marine, coastal, inland 

water, forest, dryland, urban, mountain, polar, cultivated, and island. (Table 1.) These 

categories are not ecosystems themselves, but each contains a number of ecosystems. The 

MA reporting categories are not mutually exclusive: their boundaries can and do overlap. 

Ecosystems within each category share a suite of biological, climatic, and social factors 
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that tend to differ across categories. More specifically, there generally is greater similarity 

within than between each category in: climatic conditions: geophysical conditions: 

dominant use by humans; surface cover (based on type of vegetative cover in terrestrial 

ecosystems or on fresh water, brackish water, or salt water in aquatic ecosystems); species 

composition: and resource management systems and institutions. The factors 

characterizing ecosystems in each category are highly interrelated. 

Category Central Concept 

Table 1. Categories of Ecosystems and boundaries 

Coastal Interface between ocean and 
land, extending seawards to 
about the middle of the 
continental shelf and inland to 
include all areas strongly 
influenced by the proximity to 
the ocean 

Permanent water bodies inland Rivers, lakes, floodplains, reservoirs, and 
from the coastal zone, and areas wetlands; includes inland saline systems. 
whose ecology and use are Note that the Ramsar Convention considers 
dominated by the permanent, "wetlands" to include both inland water 
seasonal, or intermittent and coastal categories. 
occurrence of flooded cond itions 

Marine Ocean, with fishing typically a 
major driver of change 

Inland 
water 

Forest Lands dominated by trees; often 
used for timber, fuelwood, and 
non-timber forest Products 

Boundary Limits for Mapping (MA, 
2005) 
Marine areas where the sea is deeper than 
50 meters 

Area between 50 meters below mean sea 
level and 50 meters above the high tide 
level or extending landward to a distance 
100 kilometers from shore. Includes coral 
reefs, intertidal zones, estuaries, coastal 
aquaculture, and seagrass communities. 

A canopy cover of at least 40 percent by 
woody plants taller than 5 meters. The 
existence of many other definitions is 
acknowledged, and other limits (such as 
crown cover greater than J 0 percent, as 
used by the Food and Agriculture 
Organization of the United Nations) will 
also be reported. Includes temporarily cut 
over forests and plantations; excludes 
orchards and agroforests where the main 
products are food crops. 
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Dryland Lands where plant production is Drylands as defined by the Convention to 
limited by water availability; the Combat Desertification, namely lands 
dominant uses are large mammal where annual precipitation is less than t\\ 0 
herbivory, including livestock thirds of potential evaporation, from dry 
grazing, and cultivation subhumid areas (ratio ranges 0.50-0.65). 

through semiarid, arid, and hyper-arid 
(ratio <0.05), but excluding polar areas: 
drylands include cultivated lands. 
scrublands, shrublands, grasslands, semi 
deserts, and true deserts. 

Island Lands isolated by surrounding As defined by the Alliance of Small Island 
water, with a high proportion of States 
coast to Hinterland 

Mountain Steep and high lands 

Polar High-latitude systems frozen for 
most of the year 

As defined by Mountain Watch using 
criteria based on elevation alone, and at 
lower elevation, on a combination of 
elevation, slope, and local elevation range. 
Specifically, elevation >2,500 meters, 
elevation 1,500-2,500 meters and slope >2 
degrees, elevation 1,000-1,500 meters and 
slope >5 degrees or local elevation range 
(7 kilometers radius) >300 meters, 
elevation 300-1,000 meters and local 
elevation range (7 kilometers radius) >300 
meters, isolated inner basins and plateaus 
less than 25 square kilometers extent that 
are surrounded by mountains. 

Includes ice caps, areas underlain by 
permafrost, tundra, polar deserts, and polar 
coastal areas. Excludes high altitude cold 
systems in low latitudes. 

Areas in which at least 30 percent of the 
landscape comes under cultivation in any 
particular year. Includes orchards, 
agroforestry, and integrated agriculture 
aquaculture systems. 

Cultivated Lands dominated by 
domesticated plant species, used 
for and substantially changed by 
crop, agroforestry, or 
aquaculture production 

Urban Built environments with 
human density 

a high Known human settlements with a 
population of 5,000 or more, with 
boundaries delineated by observing 
persistent night-time lights or by inferring 
areal extent in the cases where such 
observations are absent. 

Source: MA, 2005 
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Ecosystems generate a range of goods and services important for human well-being. 

collectively called ecosystem services (Forsius et al., 2013). Ecosystem services are the 

benefits people obtain from ecosystems. Ecosystem services are typically valued for their 

immediate material or cultural benefits to human wellbeing. supported by regulating and 

supporting services (Lavorel et al., 2015). Ecosystem services are the conditions and 

processes through which natural ecosystems, and the species that make them up, sustain 

and fulfill human life. They maintain biodiversity and the production of ecosystem goods, 

such as seafood, forage timber, biomass fuels, natural fiber, and many pharmaceuticals, 

industrial products, and their precursors (Daily 1997, cited in MA, 2005). These include 

provisioning services such as food, water, timber, and fiber; regulating services that affect 

climate, floods, disease, wastes, and water quality; cultural services that provide 

recreational, aesthetic, and spiritual benefits; and supporting services such as soil 

formation, photosynthesis, and nutrient cycling (MA, 2005). This is shown in Table 2. The 

human species, while buffered against environmental changes by culture and technology, 

is fundamentally dependent on the flow of ecosystem services (Ibid). 
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Table 2: Categories Ecosystem Services 

Proftsicring s.mc.s 
~obWMd 
1Iom~ 

• food 
.fn!shWl_ .~ 
.Fibef .~ . ~~ 

Cultuf~ s.r.nr:.s 
f'IoNM~ 

MMfitlobtMMd 
hm~ 

• Spirit\al and nJgious 
• Re<nallon ilf\d ~ .~ .~~~ 
.EdlX~~ . 
.s.nwof~ 
.<~Mri'. 

hguIWng SeMces 
8eMfitsobWMd 
hm"_1ionof 
~~ 
• Cimil. ~tion .~~ 
.WaW~ 
• WaW purifialtion 
.PoInation 

SUpponing SeNiws 
""'~fw"'~of"OCMr~~ 
.Soi~ .~teyding .~~ 

Source: MA, 2005 

Provisioning Services 
These are the products obtained from ecosystems, including: Food and fiber. This 

includes the vast range of food products derived from plants, animals, and microbes, as 

well as materials such as wood, jute, hemp, silk, and many other products derived from 

ecosystems; Fuel. Wood, dung, and other biological materials serve as sources of energy; 

Genetic resources. This includes the genes and genetic information used for animal and 

plant breeding and biotechnology; Biochemicals, natural medicines, and pharmaceuticals. 

Many medicines, biocides, food additives such as alginates, and biological materials are 

derived from ecosystems; Ornamental resources. These are animal products, such as skins 

and shells, and flowers, although the value of these resources is often culturally 

determined. This is an example of linkages between the categories of ecosystem services; 

Fresh water. Fresh water is another example of linkages between categories, in this case, 

between provisioning and regulating services (MA, 2005). 
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Regulating Services 
According to the MA (2005), these are the benefits obtained from the regulation of 

ecosystem processes, including: A ir quality maintenance. Ecosystems both contribute 

chemicals to and extract chemicals from the atmosphere, influencing many aspects of air 

quality; Climate regulation. Ecosystems influence climate both locally and globally. For 

example, at a local scale, changes in land cover can affect both temperature and 

precipitation. At the global scale, ecosystems play an important role in climate by either 

sequestering or emitting greenhouse gases; Water regulation. The timing and magnitude 

of runoff, flooding, and aquifer recharge can be strongly influenced by changes in land 

cover, including, in particular, alterations that change the water storage potential of the 

system, such as the conversion of wetlands or the replacement of forests with croplands or 

croplands with urban areas; Erosion control. Vegetative cover plays an important role in 

soil retention and the prevention of landslides; Water purification and waste treatment. 

Ecosystems can be a source of impurities in fresh water but also can help to filter out and 

decompose organic wastes introduced into inland waters and coastal and marine 

ecosystems; Regulation of human diseases. Changes in ecosystems can directly change the 

abundance of human pathogens, such as cholera, and can alter the abundance of disease 

vectors, such as mosquitoes (MA, 2005). 

Cultural Services 
These are the nonmaterial benefits people obtain from ecosystems through spiritual 

enrichment, cognitive development, reflection, recreation, and aesthetic experiences, 

including: Cultural diversity. The diversity of ecosystems is one factor influencing the 

diversity of cultures; Spiritual and religious values. Many religions attach spiritual and 

religious values to ecosystems or their components; Knowledge systems (traditional and 
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formal). Ecosystems influence the types of knowledge systems developed by different 

cultures; Educational values. Ecosystems and their components and processes provide the 

basis for both formal and informal education in many societies. Inspiration: Ecosystems 

provide a rich source of inspiration for art, folklore. national symbols, architecture, and 

advertising; Aesthetic values. Many people find beauty or aesthetic value in various 

aspects of ecosystems, as reflected in the support for parks, "scenic drives." and the 

selection of housing locations (MA, 2005). Cultural services are tightly bound to human 

values and behavior, as well as to human institutions and patterns of social, economic, and 

political organization. Thus perceptions of cultural services are more likely to differ 

among individuals and communities than, say, perceptions of the importance of food 

production (MA, 2005). 

Supporting Services 
Supporting services are those that are necessary for the production of all other ecosystem 

services. They differ from provisioning, regulating, and cultural services in that their 

impacts on people are either indirect or occur over a very long time, whereas changes in 

the other categories have relatively direct and short-term impacts on people (MA, 2005). 

(Some services, like erosion control, can be categorized as both a supporting and a 

regulating service, depending on the time scale and immediacy of their impact on people.) 

For example, humans do not directly use soil formation services, although changes in this 

would indirectly affect people through the impact on the provisioning service of food 

production. Some other examples of supporting services are primary production, 

production of atmospheric oxygen, soil formation and retention, nutrient cycling, water 

cycling, and provisioning of habitat (MA, 2005). 
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2.3.2 Climate Change 

Climate change is a reality. It is considered the biggest environmental threat in human 

history and the defining human challenge for the twenty-first century (lpec. 2007a: 

UNDP, 2006). The effects of climate change are observed on every continent and in all 

sectors. Climate change may be due to natural internal processes or external forces such as 

modulations of the solar cycles, volcanic eruptions, and persistent anthropogenic changes 

in the composition of the atmosphere or in land use (IPCC, 2014a). The gaseous 

composition of earth's atmosphere, for some past decades, is going through a significant 

change, largely through increased anthropogenic emissions from energy, industry and 

agriculture sectors; extensive deforestation as well as fast changes in land use and land 

management practices (Pathak et al., 2012). These anthropogenic activities are resulting in 

an increased emission of radiatively active gases, viz. carbon dioxide (C02). methane 

(CH4) and nitrous oxide (N20), popularly known as the 'greenhouse gases' (GHGs) (see 

Table 3 below). 

Table 3: Abundance and Lifetime of Greenhouse Gases in the Atmosphere 

Parameters CO2 CH4 N20 Chlorofluorocarbons 

Average 290,000 900 270 ° concentration 100 
years ago (ppb V) 

Current 380,000 1,774 319 3-5 
concentration (ppb V) 
(2007) 

Projected 400,000- 2,800-3,000 400-500 3-6 
concentration in the 500,000 
year 2030 (ppb V) 
Atmospheric lifetime 5-200 9-15 114 75 
(year) 
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Global warming 
potential (J 00 years 
relative to C02) 

25 298 4750-10900 

Source: IPCC (2007; cited in Pathak et 01., 2012) 

Increasing magnitudes of warming increase the likelihood of severe, pervasive, and 

irreversible impacts. Climate change is one of the main causes of changes and 

deterioration in ecosystem services and its impact will most likely increase in the future 

(MA,2005). 

2.3.3 Climate Change Impacts on Ecosystems 

Though biodiversity, and associated ecosystem services are the cornerstone of sustainable 

development (SCBO, 2009), climate change will affect nature's ecosystems and the 

habitats that support life, from oceans to grasslands to forests. Climate change provides a 

major challenge for the sustainable management of the key ecosystem services (Schroter 

et 01., 2005; Mooney et al., 2009; Aherne et 01., 2012). Freshwater ecosystems, due to 

their past management involving the regulation, extraction and fragmentation of river 

systems, are particularly at risk from global climate change, especially in drier or highly 

variable climates which face increasing pressure on the availability of freshwater 

resources (Finlayson et 01. 2013). Ecosystems are expected to be severely impacted by 
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climate change via massive extinctions, animal and plant migration; increased wildfires, 

flooding, and drought; decreased forest coverage, expanding arid lands, ocean 

acidification and coral reef bleaching; spread of exotic, invasive plants and animals 

(McKeown and Gardner, 2009). Similarly, the lPCC, (20 14b) posited that impacts from 

recent climate-related extremes, viz. heat waves, droughts, floods, cyclones, and wildfires, 

reveal significant vulnerability and exposure of some ecosystems and many human 
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systems to current climate variability. Climate change can threaten ecosystems that have 

already been weakened by other human activities such as pollution, development. and 

overharvesting. It is altering ecological systems, biodiversity. genetic resources. and the 

benefits derived with ecosystem services (CBD, 2009; Mooney et 01.. 2009: Hoegh 

Guldberg, 201 L cited in IPCC, 2014b). Many terrestrial, freshwater, and marine species 

have shifted their geographic ranges, seasonal activities, migration patterns. abundances. 

and species interactions in response to ongoing climate change (IPCC, 20 14b). 

Impacts include alteration of ecosystems, disruption of food production and water supply 

and consequences for mental health and human well-being. The makeup and functioning 

of ecosystems are expected to be altered by these changes, as well as some of the critical 

benefits that ecosystems provide to people (MA, 2005). The assessment acknowledges 

that "the degradation of ecosystem services is harming many of the world's poorest people 

and is sometimes the principal factor causing poverty". But, the need for adaptation efforts 

has never been so urgent. Resilient ecosystems are vital to human well-being and are 

increasingly recognised as critical to supporting communities' efforts to adapt to climate 

change (Chong, 2014). Ecosystems themselves can and will change due to climate 

variability, climate change and other stressors (Girot et al., 2012). For instance, according 

to Forsius et at. (2013), provisioning services like food and timber production would 

largely benefit from increasing temperatures and prolongation of the growing season in 

the cold Finnish conditions but was predicted to pose a major threat to several endangered 

species, water and air quality, and tourism services dependent on present climate 

conditions. All in all, functioning ecosystems can help people and the natural world adapt 

to climate change effects effectively and at very low cost. 
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2.4 Climate Change, Agriculture and Smallholder Famers 

Climatic variables like temperature, radiation. precipitation, humidity. etc have direct 

impact on the productivity of agriculture. forestry, and fishery systems. Climatic and 

atmospheric conditions determine vegetative growth and animal production and their 

development implying agricultural production needs optimum climatic conditions to 

achieve its potential output. The rising sea levels, longer and more frequent droughts, 

heightened hurricane activity and floods are increasingly affecting livelihoods (Munang et 

al., 2013a). According to Akudugu et al., (2012b), individuals, households and 

communities engage in a number of activities and strategies in order to earn a living and 

noticeable among these livelihood activities and strategies in rural areas is farming which 

incidentally is the worse hurt by climate change. This statement is consistent with the 

observations made by the tPCC, (2007b) that agriculture is highly vulnerable to the 

increased frequency, severity and unpredictability of extreme weather-related events 

caused by climate change such as hurricanes, droughts, floods, and rising sea levels 

among others. The effects of climate change add to the challenges (e.g, limited financial 

resources, labour, land etc .. ,) already faced by smallholder farmers in Sub-Saharan Africa 

(SSA) in producing enough food for the growing population (AGRA, 2014). 
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2.4.1 Climate Change and Food Production 

Agriculture is the cultivation of all forms of plants, animals, and other life forms and 

products for food/feed, fibre, energy and other purposes in order to satisfy man's needs. 

sustain and enhance human life (Antwi, 2013). Nearly 70% of people in developing 

countries, live in rural areas, where agriculture is the largest supporter of livelihoods 

(IPCC, 2007a), and Africa is no exception. Similarly, the economies of many developing 
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countries rely heavily on agriculture, dominated by small-scale and subsistence farming. 

However, climate change exerts multiple stresses on biophysical as well as social 

environments that underpin agricultural production, thus thwarting the efforts of fanners 

and causing a threat to food and livelihood security (Antwi, 2013). People's livelihoods in 

the agriculture sector are especially exposed to weather extremes (Easterling and Apps. 

2005; Easterling et aI., 2007; as cited in Settele et al., 2014). Climate change is expected, 

in the near-term and beyond, to reduce water availability and supply, food security, 

agricultural incomes, crop yields, shift growing zones, increase hunger and malnutrition 

and decrease fish yields as well, including shifts in production areas of food and non-food 

crops across the world (IPCC, 2014a). Many researchers have shown that agriculture in 

Africa is negatively affected by climate change (Kurukulasuriya and Mendelsohn, 2006; 

Deressa et al., 2008; Mabe, 2012). For instance, climate change has negatively affected 

wheat, maize, rice and soybean yields for many production regions and world at large 

(IPCC, 2014a). 
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According to Lobell et al. (2011) the evidence of the current warming trends around the 

world have already begun to impact agriculture. They show that crop yields have already 

declined due to warmer conditions compared to the expected yields without warming. 

Some researchers (Schlenker and Roberts, 2009; Muller et al., 20 I I), after their evaluation 

of projected temperature effects on crops in the United States and Africa, concluded that 

climate change would have negative impacts on crop yields. According to Pisupati and 

Warner (2003), climate change is also expected to have some adverse impacts on food 

safety and traditional adaptive mechanisms, thereby increasing the vulnerability of the 

world's poor to famine and perturbations such as drought, flood and disease. Finally, the 
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impacts of climate change on natural resources and labour productivity are likely to 

reduce economic growth, exacerbating poverty through reduced income opportunities 

(Pisupati and Warner, 2003). Also, climatic changes and increasing climatic variability are 

likely to aggravate the problem of future food security by exerting pressure on agriculture 

(Pathak et al., 2012). 

Climate change is also expected to alter pest and disease outbreaks, increase the frequency 

and severity of droughts and floods, and increase the likelihood of poor yields, crop failure 

and livestock mortality (Kevan, 1999; Morton, 2007; cited in Harvey et al .. 2014). African 

food production will be hit by more frequent and more extreme heat waves and droughts if 

climatic changes continue at their current pace (World Bank, 2013). This requires that 

comprehensive plans are put in place to help communities adapt to climate change. Even 

if this change is kept under 2°C, regional poverty reduction efforts and economic growth 

could potentially slump as crop yields drop and water access problems are exacerbated 

(Munang et al., 2014). For example, the median yield of all crops is expected to be 

reduced by 11 % at 2°C and this is expected to further increase to over 20% if warming 

reaches 4°C (World Bank, 2013). Perhaps more devastating is that the length of the crop 

growing period would also be shortened by 20% across the whole region if warming 

reaches 4°C (ibid). 

Relating this scenario to tropical countries like Ghana, food and timber production would 

rather be greatly affected negatively than positively. Ghana's agriculture is not only 

vulnerable to climate change; it also contributes to the problem: Agriculture is estimated 

to be the second largest contributor to Ghana's greenhouse gas (GHG) emissions after the 

energy sector (De Pinto et al., 2012). Because of perennial droughts, erratic rainfall and 
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very high temperatures which impedes agricultural and other forms of activities. 

Agriculture is expected to be significantly affected by climate change in Ghana through 

increased variability in precipitation, temperature and extreme weather events 

(Wurtenberger et al., 2011). Hence, in 2006, Sagoe posited that less amount of rainfall 

should be expected in future since the rate of change in total rainfall will increase from - 

1.1 % to -20.5% for 2020 to 2080. In addition, climate change may create water and heat 

stress, the outbreak of pests and diseases, the loss of productive lands through the 

deterioration of ecosystems, and additional burdens to supply chains such as increased 

post-harvest losses during storage and distribution (De Pinto et a/., 2012). The likely 

consequences of such stresses include yield reductions, decreased live-stock values, post 

harvest losses, and reduced food accessibility and consumption (Vermeulen et aI., 20 I 0). 

Rural populations in the Upper East, Upper West and Northern regions are more 

vulnerable to climate change than the people in other regions (De Pinto et al., 2012). This 

is attributed to the regions' stagnated development and the dryland agriculture's 

vulnerability to climatic stresses (Stanturf et al., 20 11; Oasgupta, and Baschieri, 2012). 

The changing climatic conditions are affecting soil moisture which may affects crop 

production adversely especially rice in Northern Ghana (Mabe et al., 2012). In the 

nuthsell, the livelihoods of many of Ghana's rural population are also likely to be affected 

since they depend mostly on agriculture. 

39 

2.4.2 Climate Change and Smallholder Farmers 

Agriculture is of great importance to most Sub-Saharan Africa (SSA) economies, 

supporting between 70 and 80% of employment and contributing an average of 30% of 

gross domestic product (GOP) and at least 40% of exports (Commission for Africa, 2005). 

www.udsspace.uds.edu.gh 

 

 

 

 



However. climate change is expected to disproportionately impact tropical regions where 

the majority of smallholder farmers and pastoralists reside (Easterling et a/ .. 2007). 

Smallholder farmers that manage diversified and small-scale farms, that rely on family 

labor, and that produce both subsistence and commercial goods are a predominant mode 

of production in many regions of the world (Astier et al., 2012). 

Smallholder fanners as those with 2 hectares or less, represent 80% of all SSA farms and 

contribute up to 90% of the production in some SSA countries (Wiggins, 2009; Wiggins 

and Sharada, 2013). The main characteristics of production systems of smallholder 

farmers include: small-scale holdings (less than 2 hectares); simple, rudimentary 

technologies; low returns; and high seasonal labour fluctuations, with women playing a 

vital role in production (AGRA, 2014). Specifically speaking, climate change is projected 

to reduce the livelihood assets of vulnerable people, especially the poor smallholder 

farmer that dependents directly on biodiversity and ecosystem services such as access to 

food, water and shelter for their survival. Most SSA smallholders combine crop farming 

with livestock (PPLIPI, 2005; cited in AGRA, 2014). 

Across the tropics, smallholder farmers already face numerous risks to their agricultural 

production, including pest and disease outbreaks, extreme weather events and market 

shocks, among others, which often undermine their household food and income security 

(O'Brien et al., 2004; Morton., 2007). Because smallholder farmers typically depend 

directly on agriculture for their livelihoods and have limited resources and capacity to 

cope with shocks, any reductions to agricultural productivity can have significant impacts 

on their food security, nutrition, income and well-being (Hertel and Rosch, 20 I 0; 

McDowell and Hess, 2012). Smallholder fanners are also estimated to represent half of 
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the hungry worldwide and probably three-quarters of the hungry in Africa (Sanchez and 

Swaminathan. 2005). Consequently, the fate of smallholder farmers will largely determine 

whether or not the world succeeds in reducing poverty and hunger worldw ide and meeting 

the Sustainable Development Goals. 

In summary, there is an urgent need for the global community to focus its attention on 

identifying adaptation measures that can help these farmers reduce their vulnerability to 

climate change and cope with adverse consequences (Harvey et al., 2014), as many of the 

countries that will be the hardest hit by climate change are tropical countries with large 

populations of poor, smallholder farmers (Hertel and Rosch, 20 I 0). Also, having effective 

agricultural policies will not only improve food security but will also contribute 

synergistically to carbon sequestration, enhanced conservation and biodiversity, improved 

quality of soil and water, protection of the watershed, healthier natural ecosystems as well 

as socio-economic stability (IPCC, 2007b). 

2.4.3 Climate Change Adaptation 

Adaptation is a key concept in climate change research, because responsiveness and 

adaptation mechanisms act as indicators of whether social systems are becoming more 

resilient to climate change impacts (Campos et al., 2014). The global climate is locked 

into a period of unavoidable change necessitating adaptation measures to deal with what is 

already happening and what is yet to come (lPCC, 2007a). Particularly worrying is the 

impact of climate change on ecosystem functions (such as nutrient recycling or water 

flows) on which societal wellbeing depends (Mooney et al., 2009; cited in Lukasiewicz et 

al., 2015). Adaptation to climate change has emerged as a critical component to managing 

current and future climate impacts worldwide and ensuring continued sustainable 
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development. In terms of land and water management. adaptation actions involve reducing 

non-climate threats that increase the resilience of populations to a changing environment 

in situ as well as enabling the species concerned to migrate to a more suitable habitat 

under a changing climate (CBD, 20 10). Adaptation actions likely to result in maintaining 

generation of ecosystem services include integrated land and water management activities 

that maintain environmental processes that generate regulatory (e.g. soil formation), 

cultural (e.g. recreation), supporting (e.g. flood mitigation) and provisioning services (e.g. 

fish, timber and water) that benefit people (Kumar, 20 10; cited in Lukasiewicz et al.. 

2015). 

The differential capacity of people, as individuals and in communities, to respond and 

adapt is influenced by a wide set of site-specific environmental, historical, socio 

economic, and institutional variables which act conjointly (Eakin et al., 2006, 2012; Cutter 

et al., 2008; Below et al., 2012). Therefore, a fuller understanding of the potential severity 

of climate change for any specific location requires placing climate change in a context of 

multiple stresses at local scales (Wisner et al., 2004; Moser, 2010; cited in Campos et aI., 

2014). People's decisions about landscape management are made in the light of these 

multiple forces, and include a dynamic range of measures and strategies to adapt to 

climatic conditions (Reid et al., 2007). Since adaptation is a matter primarily local, its 

effectiveness depends on the network of institutions and policies through which can be 

feasible to structure long-term responses (Campos et al., 2013). Thus, policies that 

facilitate economic diversification processes without undermining the viability of 

agricultural production, helping families to cope with environmental uncertainties and 

give them the necessary financial security, become an urgent issue. 
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Usually. planners and decision-makers have a wider range of adaptation options available 

to them that are divided into three or four categories: (I) hard or as grey adaptation. (2) 

soft adaptation, (3) green or Ecosystem-based Adaptation (EbA). and (4) community 

based adaptation (CBA) measures; although some literature considers green adaptation 

measures as a part of the soft adaptation measures (World Bank. 2013). Hard approaches 

are considered as capital-intensive and/or constructed-engineered solutions. Soft 

approaches are regarded as being focused on institutions, behavioural, and policy 

approaches such as regulatory framework; and green approaches are characterized by an 

ecosystem-based/environmental management approach (World Bank 2010b). According 

to Fankhauser, (20 I 0) adaptation can be reactive or anticipatory. Reactive adaptation 

refers to the actions living organisms implement after the facts happen while anticipatory 

adaptation tend to be future preparations to help organisms cope with the impacts of 

climate changes before facts occur. 

2.5 Ecosystem-based Adaptation (EbA) and Climate Change 

Climate change adaptation is among the greatest tasks faced by man in the present 

generation and next generations to come (Jones et al., 2012). According to Gamble et al., 

(20 I 0) location-specific understandings of climate variabil ity is key to effective adaptation 

to climate change. This is especially true for smallholder fanners, who often use local 

climate knowledge for decision making (Roge et al., 2014). According to Wilken, (1987; 

cited in Roge et al., 2014) though the climate may look unrealistic for management, 

smallholder farmers are not entirely incapable of reacting to it. 
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With regards to climate change adaptation, healthy, intact ecosystems have long provided 

critical ecosystem services, providing people with food and shelter, protecting 
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communities from drought and floods. and building the basis of much of our traditional 

knowledge, innovations and practices (SCBD, 2009). Healthy ecosystem services and 

biodiversity are recognized as critical components of successful human adaptation to 

climate change that may be more effective and incur lower costs than "hard" or 

engineered solutions (Abramovitz et al.. 2002; Petersen and Holness. 2011: UNDP/UNEP 

Poverty-Environment Initiative. 20 I I a; as cited in N iang et al., 2014; Girot et al., 2012; 

Pramova et al., 2012; Roberts et al.. 2012). In addition, an intact, vibrant and fully 

functioning ecosystems are more resilient to stressors and therefore better able to support 

adaptation to impacts (Munang et al.. 2011), which can be either climate related or non 

climate related. However, ecosystems continue to be degraded due to climate change. 

pollution and unsustainable over exploitation. About 15 out of the 24 ecosystem services 

assessed were found to be degraded or over exploited (MA, 2005). Approaches such as, 

ecosystem-based approaches address the crucial links between climate change, 

biodiversity and sustainable resource management and, by preserving and enhancing 

ecosystems, enable society to better mitigate and adapt to climate change (Naumann et al., 
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2011 ). 

Restoration of degraded ecosystems as part of EbA provides a mechanism for carbon 

sequestration and hence climate change mitigation, sources of employment and 

enhancement of resources to support livelihoods (Royal Society, 2008). This provides a 

compelling reason for linking biodiversity, developmental, and social goals, as taken up, 

for example, in Djibouti's NAPA project on mangrove restoration to reduce saltwater 

intrusion and coastal production losses due to climate hazards (Pramova et al., 2012). 

Several smallholder farmers have developed innovative farming strategies or are already 
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implementing agricultural practices that maintain complex agrobiodiversity and that result 

in a higher capacity of their production units to resist. cope with and/or recover from 

extreme climatic events (Lin, 2007; Altieri and Koohafkan. 2008: Altieri and Nicholls. 

2008. Vignola et al., 2015). There are basically three key dimensions and underlying 

criteria (see Table 4) that agricultural practices need to satisfy to be considered EbA 

practices that are appropriate for smallholder farmers (Vignola et aI., 2015). They posited 

that practices that fulfill at least one criterion in the 'ecosystem-based' and 'adaptation 

benefits' dimensions can be considered EbA practices. Whilst, practices that fulfill at least 

one criterion in the third dimension are EbA practices appropriate for smallholder farmers. 

Table 4: Three Key Dimensions and Underlying Criteria for EbA Practices 

Dimension 1: 
Ecosystem-basedness 

I s based on the 
conservation, restoration 
and sustainable 
management of 
biodiversity (e.g., genetic, 
species and ecosystem 
diversity). 

I s based on the 
conservation, restoration 
and sustainable 
management of ecological 
functions and processes 
(such as nutrient cycling, 
soil formation, water 
infiltration, carbon 
seq uestration, etc.) 

.. 

Dimension 2: 
Adaptation benefits 

Maintains or improves crop, 
animal or farm productivity 
in face of climate variability 
and climate change 

Reduces the biophysical 
impacts of extreme weather 
events (heavy rainfall, 
extremely high temperatures, 
strong winds, etc.) and high 
temperatures on crops, 
animals or farming system 

Reduces crop pest and 
disease hazards due to 
climate change 

Dimension 3: 
Livelihood Security 

Increases food security of 
smallholder households 

Increases or diversifies 
income generation of 
smallholder households 

Takes advantage of local or 
traditional knowledge of 
smallholder farmers 

Uses local, available and 
renewable inputs (e.g., 
using local materials from 
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---------------- . 

within the farm or 
landscape. rather than 
external inputs such as 
pesticides. inorganic 
fertilizers. etc.) 

Requires implementation 
costs and labor affordable to 
smallholder farmers 

Source: Adopted from Vignola et al., (2015). 

Although, EbA is an emerging concept, it has the backing of several NGOs (e.g .. IUCN, 

TNC, BU, and ELAN) and IGOs (e.g., UNEP, SCBD, UNFCCC and UNDP). Ecosystem- 

based adaptation is underpinned by the concept of 'ecosystem services.' which describes 

the links between the natural environment and human well-being (Chong, 2014). The EbA 

concept is potentially powerful in catalyzing international and national commitments to 

act due to its key defining features of a focus on societal adaptation rather than 

ecocentricism, and a targeting of the immediate adaptation needs of the poorest and most 

vulnerable communities who are adversely affected by climate change (Chong, 2014). 
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EbA is an anthropocentric approach concerned with the way ecosystems can help people 

adapt to both current climate variability and future climate change (Olivier et al., 2012). In 

2009, Vignola et al., referred to EbA as the adaptation policies and measures that take into 

account the role of ecosystem services in reducing the vulnerability of society to climate 

change, in a multi-sectoral and multi-scale approach. It is often considered as a crucial 

adaptation tool at the doorstep of policy makers and planners to combat climate change. 

Many now acknowledge the importance of ecosystems and ecosystem services as a key 

component of adaptation (Colis et al., 2009; Munroe et al., 20 II; Reid. 20 II; 2014c; 

Girot et al., 2012; IPCC, 2014a; Doswald et al., 2014). This is because many of those who 

are most vulnerable to climate change are also highly reliant on ecosystems and ecosystem 

www.udsspace.uds.edu.gh 

 

 

 

 



services for their lives and livelihoods. Ecosystems and the services they provide are 

already the foundation of many successful adaptation strategies, especially for poor 

people, and many also deliver livelihood and climate change mitigation co-benefits (Reid 

and Alam, 20 14a). There is also some evidence that EbA can be cost effective (Rao et 01 .. 

2013). For instance, the use of mangroves and salt marshes as a buffer against damage to 

coastal communities and infrastructure has been well researched and found to be effective 

both physically and financially in appropriate locations (Day et al., 2007; Morris, 2007). 

They can also provide biodiversity co-benefits, support fish nurseries, and have carbon 

sequestration value (Adger et al., 2005; Reid and Huq, 2005; CBD, 2009). Some EbA 

activities include integrative adaptive forest management (Bolte et al., 2009; Guariguata, 

2009; Reyer et al., 2009), and the use of agroecosystems in farming systems (Tengo and 

Belfrage, 2004; cited in Noble et al., 2014), ecotourism activities (Adler et al., 2013), land 

and water protection and management, and direct species management (Mawdsley et al., 

2009; cited in Noble et al., 2014). Examples of ecosystem based approaches to adaptation 

include: firstly, sustainable water management, where river basins, aquifers, flood plains, 

and their associated vegetation are managed or restored to provide resilient water storage 

and enhanced basetlows, flood regulation and protection services, reduction of 

erosion/siltation rates, and more ecosystem goods (Opperman et al., 2009; Midgley et al., 

2012). Secondly; disaster risk reduction through the restoration of coastal habitats (e.g., 

mangroves, wetlands, and deltas) to provide effective measure against storm-surges, saline 

intrusion, and coastal erosion (Jonkman et al., 2013). Thirdly, sustainable management of 

grasslands and rangelands to enhance pastoral livelihoods and increase resilience to 

drought and flooding (Shaw et al., 2014); fourthly, establishment of diverse and resilient 
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agricultural systems, and adapting crop and livestock variety mixes to secure food 

provrsion. Traditional knowledge may contribute in this area through, for example, 

identifying indigenous crop and livestock genetic diversity. and water conservation 

techniques: lastly; management of fire-prone ecosystems to achieve safer fire regimes 

while ensuring the maintenance of natural processes (Shaw et 01.. 2014). 

2.5.1 Challenges of Ecosystem-based Adaptation (EbA) 

Although constraints are often discussed in the literature as discrete determinants of 

adaptive capacity, they rarely act in isolation (Dryden-Cripton et 01 .. 2007; Smith et al., 

2008; Moser and Ekstrom, 2010; Shen et al., 2011; cited in Klein et 01.,2014). MUltiple 

constraints can significantly reduce the range of adaptation options and opportunities 

available to actors and therefore may pose fundamental limits to adaptation and/or drive 

actors toward responses that may be maladaptive (Barnett and O'Neill, 20 10: Eriksen et 

al., 2011). The IPCC, (2014a) grouped these adaptation constraints or challenges into 

eight main categories: Knowledge, Awareness, and Technology: Physical; Human 

Resource; Financial; Governance and Institutional; Social and Cultural; Economic; and 

Biological constraints. 

2.5.1.1 Knowledge, Awareness, and Technology Challenges 

Although the importance of EbA is being increasingly recognized, robust information on 

specific benefits of EbA and the conditions under which those benefits are likely to be 

received is generally lacking (World Bank, 2010b). There are significant knowledge gaps 

and impediments to flows of information that can constrain adaptation, but knowledge in 

itself is not sufficient to drive adaptive responses (Adger et al., 2007; cited in Klein et al., 

2014). This statement is echoed by more recent literature. According to Klein et al., 
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(2014) adaptation practitioners and stakeholders in both developed and developing nations 

continue to identify knowledge deficits as an adaptation constraint. Often this demand for 

more information is linked to concerns regarding decision making under uncertainty about 

the future (Tribbia and Moser, 2008; Moser, 20 I 0; Whitmarsh, 20 I 1: Stoutenborough and 

Vedlitz, 2013; cited in Klein e/ al., 2014). Adaptation, according to Ziervogel et 01.. 

(20 10), is limited by lack of access to climate data. They further identified three casual 

factors that make the accessibility of climate data difficult. Lack of spatial climate data 

they reported limits farmers ability to observe their climate and adjust to changes. Also. 

the time frame for which data are gathered and the limited number of scientist to 

intemperate climate data to agricultural information limits adaptation in the African 

continent. 

Capacity building through education, training, and information access represents a 

valuable opportunity for adaptation, nevertheless, numerous recent studies caution that 

addressing knowledge deficits may not necessarily lead to adaptive responses (Kellstedt et 

al., 2008; Tribbia and Moser, 2008; Adger et al., 2009; MaIka and Krosnick, 2009; Moser, 

2010; Preston eta!., 2011b; Kahan et al., 2012; Lemos eta!., 2012; cited in Klein etal., 

2014). 

2.5.1.2 Governance and Institutional Challenges 

Research conducted since the Fourth Assessment Report (AR4) has expanded 

understanding of adaptation constraints associated with governance, institutional 

arrangements, and legal and regulatory Issues. There is extensive evidence that 

institutional capacity is a key factor that can potentially constrain the adaptation process 

(Berkhout, 2012). Many of the identified challenges to EbA are institutional (Fidelman e/ 
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al.. 2013). even though the individual measures are already pan or existing management 

approaches. Similarly, it has been argued that U.S. institutions across different levels of 

governance lack the mandate, information, and/or professional capacity to select and 

implement adaptation options (National Research Council, 2009). Institutional capacity 

may be linked to the level of priority assigned to adaptation (Keskitalo et al., 20 I 0: 

Westerhoff et al .. 20 I 0; Maibach et al., 2008; Measham et al., 20 II: Sowers et al .. 20 II). 

Corruption within institutions may also undermine adaptation efforts. as evidenced by 

empirical studies among multiple nations (Lesnikowski et al .. 2013). as well as case 

studies within nations (Schilling et al., 2012). 

According to Chong, (2014) institutional and legal barriers at national level can pose 

significant challenges to operationalizing EbA to achieve adaptation objectives. The 

author identified two key obstacles impeding the successful implementation of EbA. First 

and foremost, the gaps and lack of integration in the broader climate change legal and 

policy environment are not conducive to progressing effective EbA. Secondly, policies 

and strategies about climate change and disaster management are in place but are 

fragmented, and the focus of the latter is primarily on post-disaster emergency relief, with 

little integration with global or national climate change policies. Also. climate change 

policy and strategy development have been undertaken at the national level without 

engagement of vulnerable people and communities (Reid et al. 2012). Also, there are 

many institutional, political and socio-economic factors which hinder biodiversity 

conservation, including weak governance of natural resources, poor enforcement of laws, 

corrupt practices, and the exclusion of local people from participation in ecosystem 

management (0' Agostino and Sovacool, 2011; Nagle 2009, cited in Chong, 2014). 
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According to Lukasiewicz et a/ .. (2015), institutional challenges in implementing the EbA 

approach. included the complexities of multi-agency management. constricting legal 

requirements, narrow funding arrangements, under-developed institutional capacity. 

difficulties of implementing catchment-scale programs on private property and the need to 

adhere to community expectations. These institutional issues are ubiquitous international I) 

and point to the wider issues of providing sufficient management capacity to support 

adaptation (Lukasiewicz et al., 2015). 

A further consideration is that ecosystem-based approaches are often more difficult to 

implement and assess as they usually require cooperation across institutions, sectors, and 

communities, and their benefits are also spread across a similarly wide set of stakeholders 

(Jones et al., 2012). A key role that institutions play in facilitating adaptation is through 

legal and regulatory responsibilities and authorities. Hence, Adger et al., (2005), 

categorized the institutional challenges to adaptation into three, namely; regulatory 

structures, property rights and social norms. Regulatory structures: Three Issues are 

obvious when considering whether the regulatory structures affect the implementation of 

EbA in water management: multiagency cooperation, existing legal requirements and 

constraining funding arrangements (Lukasiewicz et al., 2015). Property rights: Meaning 

that an ecosystem approach must have the full and active participation of individual 

landholders but this is not always the case in most places. Social norms: society's 

expectations and attitudes can both aid and constrain EbA. When considering the 

maladaptation potential ofNRM measures, it is important to acknowledge that the real and 

perceived impact will depend on each person's point of view. For example, Curtin and 

Prellezo, (2010) indicated that community expectations can also prevent experimentation 
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and learning, a necessary part of adaptive management that is in itself a key requirement 

of ecosystem-based management. 

2.5.1.3 Financial Challenges 

In addition to broader macroeconomic constraints on adaptation, the implementation of 

specific adaptation strategies and options can be constrained by access to financial capital 

(including credit, insurance, and tax revenues, as well as earnings of individual 

households or private entities) (I PCC, 20l4a). The Least Developed Country Fund was 

established to assist developing nations in generating National Adaptation Plans of Action. 

The Adaptation Fund was established within the context of the UNFCCC to finance 

adaptation in developing nations through the sale of certified emissions reductions (CERs) 

credits under the Clean Development Mechanism. Nevertheless, declines in CER credit 

prices since early 2011 have reduced the flow of revenue to the Adaptation Fund 

(Adaptation Fund Board, 2013). The potential for finance to constrain adaptation also 

emerges from a broad range of recent case studies exploring adaptive capacity in different 

sector and regional contexts, although finance is often identified as just one of a broad 

range of resource constraints (Paavola, 2008; Jantarasami et al., 2010; Moser and 

Ekstrom, 2010; Osbahr et al., 2010; Biesbroek et al., 2013a; cited in IPCC, 2014a). 

Investigations of farming communities in Africa have identified finance as a key 

determinant of vulnerability and adaptive capacity of farmers to climate variability and 

change (Nhemachena and Hassan, 2007; Hassan and Nhemachena, 2008; Deressa et al., 

2009, 2011). Islam et al. (2014) cite access to credit as a key constraint on adaptation 

among fishing communities in Bangladesh, and financial constraints have also been 

documented in municipal governments in South Africa (Pasquini et al., 2013). While 
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Insurance can represent an opportunity to influence decision making regarding climate 

risk management (Niess et al., 2005; Herweijer et al., 2009: cited in Klein et 01.. 2014). 

reduced ccessibility and/or increased costs of insurance can constrain the utility of 

insurance as an adaptation option (Herwijer et al., 2009; Islam et a/ .. 2014). 

Many of the practices that can be considered as EbA practices (e.g., agroforestry practices. 

soil and water conservation practices, etc.) are already well known and have been proven 

to help smallholder farmers adapt to climate change, but current financial, political and 

technical constraints limit a more widespread adoption of these practices among 

smallholder farmers (Vignola et al., 2015). 

2.5.1.4 Human Resource Challenges 

The effectiveness of societal efforts to adapt to climate change is dependent on humans 

who are the primary agents of change. Human resources provide the foundation for 

intelligence gathering, the uptake and use of technology, as well as leadership regarding 

the prioritization of adaptation policies and measures and their implementation (Klein et 

al., 2014). Although the AR4 and subsequent adaptation literature identify human 

resources as one of the factors influencing adaptive capacity (Adger et aI., 2007), there has 

been little attention given specifically to human resources as a constraint on adaptation by 

adaptation researchers. 

2.5.1.5 Social and Cultural Constraints 

Adaptation can be constrained by social and cultural factors that are linked to societal 

values, world views, and cultural norms and behaviors (O'Brien, 2009; Moser and 

Ekstrom, 2010; O'Brien and Wolf, 2010; Hartzell-Nichols, 2011; cited in Klein et aI., 

2014). These social and cultural factors can influence perceptions of risk, what adaptation 
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options are considered useful and by whom, as well as the distribution of vulnerabil it) and 

adaptive capacity among different elements of society (Grothrnann and Patt, 2005; Weber. 

2006; Patt and Schroter, 2008; Adger et al.. 2009; Kuruppu, 2009; O'Brien, 2009: Nielsen 

and Reenberg, 20 I 0; Wolf and Moser, 20 II; Wolf et al.. 2013). Although the AR4 noted 

that social and cultural constraints on adaptation have not been well researched, more 

recent literature has significantly expanded their understanding. As a case in point, the 

erosion of traditional knowledge among the Arctic Inuit is the consequence of a long-term 

process of changing livelihoods, technology, and sources of knowledge (Pearce et al.. 

20 II), Different actors within and among societies experience different constraints, which 

result in differential adaptive capacities and preferences for adaptation options (Wolf et 

al., 2013), As discussed in the AR4, for example, gender can be a factor that constrains 

adaptation, Recent studies from Nepal and India report that adaptation decisions among 

women, in particular, can be constrained by cultural and institutional pressures that favor 

male land ownership (Jones and Boyd, 20 II) and constrain access to hazard information 

(Ahmed and Fajber, 2009), respectively, 

Case studies from multiple developing countries report that some actors view natural 

phenomena as being controlled by God, supernatural forces, or ancestral spirits that are 

not amenable to human management (Sehring, 2007; Schipper, 2008; Byg and Salick, 

2009; Mustelin et aI., 20 I 0; Kuruppu and Liverman, 20 II; Artur and Hilhorst, 2012; cited 

in Klein et al., 2014). Such perspectives are not confined to the developing world. Surveys 

conducted after Hurricane Katrina also indicated that religious beliefs were a factor 

influencing the decision to remain rather than evacuate (Brunsma et al., 20 I 0), 
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As with most development projects, the success of EbA depends largely on involving the 

local community in the planning and implementation process, while bearing in mind the 

overall political context and any present land use conflicts (Munang et 01.. 2014). Open 

communication, an inclusive approach, and respect for the traditional land rights of 

affected local communities are all essential for both the future resil ience of the community 

and for achieving EbA goals (Munang et al., 2014). For example, fanners in Burkina Faso 

don't have legal rights to the trees that grow on their property. Policy changes could 

provide for this ownership, allowing ecosystem-based adaptation approaches to expand. 

2.5.1.6 Biological Challenges 

The degradation of environmental quality is another source of constraints (Cote and 

Darling, 20 I 0), with multiple studies including natural capital as a foundation for 

sustainable livelihoods (Paavola, 2008; Thornton et aI., 2008; Iwasaki et al .. 2009; 

Badjeck et al .. 20 I 0; Nelson et al., 201 Oa,b; cited in Klein et al., 2014). Non-climatic 

stresses to ecological systems can reduce their resilience to climate change as evidenced 

by studies on coral reefs and marine ecosystems, tropical forests, and coastal wetlands 

(Diaz and Rosenberg, 2008; Kapos and Miles, 2008; Malhi et al., 2009a,b; Afreen et al., 

2011; cited in IPCC, 2014a). For example, several studies have noted interactions between 

anthropogenic land use change and species migration rates on the risk of extirpation 

(Feeley et al., 2010; Yates et al., 2010; Cabral et al., 2013; Svenning and Sandel, 2013). 

Ecological degradation also reduces the availability of ecosystem goods and services for 

human populations (Nkem et al., 2010; Tobey et al., 20 I 0; cited in Klein et al., 2014). For 

example, degradation of coastal wetlands and coral reef systems may reduce their capacity 

to buffer coastal systems from the effects of tropical cyclones (Das and Vincent, 2009; 
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Tobey et al., 20 I 0; Gedan et al .. 201 L Keryn et al., 20 I I; cited in Klein et 01.. 2014). 

Similarly, soil degradation and desertification can reduce crop yields and the resilience of 

agricultural and pastoral livelihoods to climate stress (Iglesias et al., 20 II; Lal. 20 II). 

Ecosystem constraints can also arise from non-native species, including pests and disease. 

that compete with endemic species (Hellman et al., 2008; Dukes et aI., 2009; Moser et al.. 

2011; Ziska et al., 2011; Pautasso et aI., 2012; Svobodova et aI., 2013). Climate change 

could reduce the effectiveness of current control mechanisms for invasive species (very 

low confidence; Hellmann et al., 2008). However, studies also indicate that uncertainty 

associated with predictions of future pests, disease, and invasive species remains high 

(Dukes et al., 2009). 

The impact of climate change on ecosystem functions (such as nutrient recycling or water 

flows) on which societal wellbeing depends is particularly disturbing (Mooney et al. 

2009) because ecosystems services are vulnerable to the direct effects of climate change 

through, inter alia, increasing atmospheric temperatures and disturbances in nutrient 

inputs and cycling (Koehn, 20 I I). The ecosystems also face other substantial challenges 

brought on by land use practices including species extinction, land and water degradation, 

extensive clearing of native habitats and the persistence of exotic plants and animals 

(ASEC, 2011; cited in Lukasiewicz et al., 2015). The effects of these are predicted to be 

exacerbated by climate change (Palmer et aI., 2009; cited in Lukasiewicz et al., 2015), 

which go a long way to impede the successful implementation of EbA practices. 

Furthermore, there are trade-offs relating to land use and the availability of space for 

people and social, economic, and environmental activities. For example, providing an 

effective wetland buffer for coastal protection may require emphasis on silt accumulation 
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possibly at the expense of \\ ildlife values and recreation (CBD. 2009: Dudley et 01 .. 

20 I 0). Ecosystem management for mitigation purposes can reduce the livelihood 

opportunities and the adaptive capacity of local people (Locatelli et al., 20 II). Similarly 

Goldstein et al., (2012) found that in land use decision making in Hawaii. trade-offs 

existed between carbon storage and water quality, and between environmental 

improvement and financial returns. 

2.5.1.7 Physical Challenges 

The capacity of human and natural systems to adapt to a changing climate is linked to 

characteristics of the physical environment including the climate itself. Recent studies 

have suggested that the effort required to adapt to an increase in global mean temperature 

of 4°C by 2100 may be significantly greater than adapting to lower magnitudes of change 

(Fung et aI., 20 II; Gernenne, 20 II; New et al., 20 II; Nicholls et al., 20 II; Stafford Smith 

et al., 2011; Thornton et aI., 2011; Zelazowski et aI., 2011; cited in IPCC, 2014a). This 

challenge arises from the magnitude of climate change, as well as the rate (Klein et al., 

2014). A variety of non-climatic physical factors also can constrain adaptation efforts of 

natural systems. For example, migration can be constrained by geographical features such 

as lack of sufficient altitude to migrate vertically or barriers posed by coastlines or rivers 

(Clark et al., 2011). Collectively, physical constraints can reduce available migration 

corridors and the distances over which migration is a feasible adaptive response (Klein et 

al., 2014). Water-dependent enterprises in some regions, globally, may have reduced 

flexibility to cope with transient or long-term reductions in water supply (IPCC, 2014a). 

This in turn influences the portfolio of adaptation actions that can be implemented 

effectively to manage risk to water security and, subsequently, agriculture and food 
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security (Hanjra and Qureshi. 2010) as well as energy security (Voinov and Cardwell. 

2009; Dale et al., 20 II). Similarly. water quality and soil quality can constrain agricultural 

activities and therefore the capacity of agricultural systems to adapt to a changing climate 

(Delgado et al., 20 I I: Kato et al .. 20 I I; Lobell et al., 20 I I; Olesen et al.. 20 I I). 

However, it is important to note. that these physical characteristics of the environment are 

often amenable to management (Klein et aI., 2014). 

2.5.2 Prospects of Ecosystem-based Adaptation 

In most cases of adaptation, natural infrastructure and hard infrastructure are often viewed 

as competing alternatives. However, there are several reasons for pursuing EbA relative to 

non-EbA interventions. Ecosystem-based adaptation, or EbA, purposively uses 'green 

infrastructure' and ecosystem services to increase human societies' resilience in the face 

of climate change (Olivier et al., 2012). EbA provides numerous opportunities for natural 

solutions to manage the impacts of climate change. 

2.5.2.1 Global Perspectives and Examples 

EbA is being enthusiastically promoted by conservation and development organisations 

that recognize the integral relationship between ecosystems and livelihoods and the threat 

that climate change poses to these. As a result there are numerous anecdotal case studies 

of its apparent success describing how local communities are already practicing EbA 

(BU, 2009). 

According to Noble et al., (2014), time and again, when humans are faced with climate 

related threats, first consideration is given to engineered and technological approaches to 

adaptation. However, working with nature's capacity and pursing ecological options, such 

as coastal and wetland maintenance and restoration, to absorb or control the impact of 
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climate change in urban and rural areas can be efficient and effective means of adapting 

(Huntjens et a/ .. 20 10; Jones et al.. 2012: cited in Noble et 01.. 2014). The use of 

mangroves and salt marshes as a buffer against damage to coastal communities and 

infrastructure has been well researched and found to be effective both physically and 

financially in appropriate locations (Day et al., 2007; Morris. 2007). EbA activities 

include integrative adaptive forest management (Bolte et al., 2009; Guariguata, 2009; 

Reyer et al., 2009), and the use of agroecosystems in farming systems (Ten go and 

Belfrage, 2004; cited in Noble et al., 2014), ecotourism activities (Adler et al., 2013), land 

and water protection and management, and direct species management (Mawdsley et al., 

2009; cited in Noble et al., 2014). 

Conferring with Roge et al., (2014), a case study conducted in the Mixteca Alta Region of 

Oaxaca, Mexico showed how contour ditches benefited farmers through improved water 

infiltration, recharged aquifers, retained water in dry years, and facilitated drainage of 

fields in wet years. Vegetated borders and windbreaks, as told by farmers, protected maize 

from wind-throw (Leon Santos, 2007). Also, Zaragoza farmers experimented with green 

manures and composts in 2002 to reduce the costs of synthetic fertilizers and to improve 

soil quality (Roge et al., 2014). They revealed that, though there was an initial reduction 

in yields but it was followed by increases in subsequent years. 

The Economics of Ecosystems and Biodiversity studies show that an annual global 

investment of $45 billion in protecting ecosystems could deliver an estimated $5 trillion a 

year in benefits, a cost-benefit ratio of over 100: I; Deforestation contributes close to 20% 

of global greenhouse gas (GHG) emissions; an annual investment of $20 billion could 

halve these emissions, while securing livelihoods and reducing poverty in tropical 
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countries (Munang et al .. 20 I3b). In addition, conserving the reefs to prevent their on 

going degradation as a result of pressures ranging from overfishing to coral mining. 

through establishment of marine protected areas (MPAs), would cost US$34 million in 

start-up and US$47 million annually. This investment would maintain their critical 

protection service and could generate US$10 billion per year in co-benefits through 

tourism and sustainable fisheries (Emerton et al., 2009). Also, an economic analysis in the 

Nam Dinh Province of Vietnam suggested that restoring mangroves would cost US$166 

per hectare in planting, capital and maintenance, but would provide benefits totaling 

US$630 per hectare. These benefits included not only the avoided costs of sea dyke 

upkeep but also the livelihood co-benefits of timber and honey provisioning and fish-stock 

maintenance (Emerton et al., 2009). According to Colis et al., (2009), EbA reduces 

vulnerability to both climate and non-climate risks and provides multiple economic, 

social, environmental and cultural benefits (See Figure 2), including: Livelihood 

sustenance and food security, disaster risk reduction, Sustainable water management, 

Biodiversity conservation and carbon sequestration. They further revealed that, ecosystem 

management and restoration can significantly reduce community vulnerability to climate 

stress. Ecosystem-based Adaptation is recognized by many Least Developed Countries as 

a cost-effective, accessible way of reducing poverty and climate risk (Coils, et al., 2009). 

For example, in Roslagen, east-central Sweden, ecosystem-based measures that were 

carried out aided farmers in producing high-quality and organic products, improving 

biodiversity, increasing economic security, whilst increasing their resilience to climate 

variability and change (Tengo and Belfrage, 2004; cited in Colis et al., 2009). 
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Moreover, they indicated that EbA, natural solutions tend to generate valuable co-benefits. 

such as carbon sequestration, biodiversity conservation, or food production, and are often 

more cost efficient. For instance, the TEEB, (2009; cited in Olivier et al .. 2012) revealed 

that in Vietnam planting and maintaining mangrove forests to serve as breakwaters and 

protect the coast is significantly cheaper (costing 1.1 million US dollars for 12,000 

hectares) than mechanical repair of wave-induced dyke erosion (costing 7.3 million US 

dollars annually). 

2.5.2.2 Africa Perspectives and Examples 

Under climate change, efforts to increase food production to meet this rise in numbers are 

threatened, posing risks of famine and social instability. Indeed, recent droughts around 

the world, including in the Hom of Africa, have led to increases in food prices and rioting. 

Approaches that go beyond words into actions with potential to informing and guiding 

policy practices are imperative and urgently needed (Munang et aI., 20 13b). EbA will be 

one of the most effective ways of meeting challenges like food security problems facing 

Africa (EC, 2013). They stated that EbA practices have proved to provide flexible, cost 

effective and broadly applicable alternatives for reducing the impacts of climate change 

and as such are a critical tool at adaptation planners disposal for tackling the threats that 

climate change poses to people's lives and livelihoods across the globe. For instance, in 

Uganda, where the EbA actions initially took place, conventionally preparing an acre of 

land for planting costs no less than US$lOO; however, with conservation agriculture (CA) 

introduced through the implemented ecosystems-based actions, only 25% of that cost is 

adequate to prepare the land (Munang et al., 2013b). Beside the monetary savings, such 

techniques have saved time, allowing farmers to engage in other enterprises as well, such 
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as livestock rearing in the country (Munang et al., 20l3b). Besides. growing more food. 

the sustainable approach has decreased the use of chemical fertilizer and pesticides. saving 

farmers' money. reducing pollution, and allowing depleted soils to recover (ibid). 

Munang et aI., (20 13b) examined three United Nations Environment Programme (UNEP) 

projects as case studies to demonstrate the potential of EbA in helping alleviate food 

crises; firstly, a project in Mozambique worked with families reliant on fishing, and who 

were experiencing food shortages for several months of every year. Sufficient food was 

produced for locals as well as surplus for trade, and ecosystems recovered. Secondly. in 

Uganda, a project promoting agro-forestry and conservation agriculture resulted in more 

fertile soils and increased yields. This in tum reduced time and cost in preparing land for 

farming, leaving more time available for diversification, for instance, into livestock 

rearing. The project also resulted in less use of agrochernicals and improved biodiversity: 

thirdly, in Togo, small dams were restored combining EbA techniques, such as tree 

planting to reduce evaporation, with 'hard adaptation' approaches. including the digging 

of dykes and insertion of pipes to channel dam water into fish ponds (Munang et al .. 

20 13b). The result was improved water security and health, and increased food production 

through fish production and crop irrigation, as well as generation of hydro-electric energy 

(Ibid). 

A review by the European Commission, (EC, 2013) concluded that EbA projects are cost 

effective, broadly applicable, and their spread would help reduce the occurrence of food 

crises and face the multiple challenges of climate change. The review proposes four kinds 

of actions to improve agricultural ecosystem services and climate change resilience: a.) 

careful soil management (through minimum tillage, permanent cover and crop rotation; b.) 
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Improvement of agricultural biodiversity: c.) The development of programmes USIng 

expert scientific knowledge as well as local knowledge: and 4.) Providing fanners with 

better access to new technologies and establishing 'payment for ecosystem services 

schemes to ensure ecosystem services are accounted for and valued within agricultural 

systems. In the nutshell, ecosystems deliver services that can help meet adaptation needs 

across multiple human development sectors including disaster risk reduction (through fold 

regulation and storm surge protection), food security (from fisheries to agro-forestry), 

sustainable water management and livelihood diversification (through increasing resource- 

used options). 

Figure 2: The Multi-benefits of Ecosystem-based Adaptation 

Maintaining 
Connectivity of 
Ecosystems 

Supporting Indigenous 
Peoples And Local 

Communities 

Source: (MoSTE, 2012; as cited UNDP, 2014). 

2.6 Institutions and Stakeholders that Could Support the Adoption of Ecosystem 
based Adaptation. 

Ecosystem-based management has been described as an explicit attempt to develop an 

"institutional ecosystem" (Imperial 1999), where management institutions must 

reorganize themselves along ecosystem I ines (Curtin and Prellezo, 2010). National , 
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building codes, and attending to the needs of vulnerable populations through measures 

, 
governments are integral to advancing an adaptation agenda as the; decide many of the 

funding priorities and tradeoffs, develop regulations. promote institutional structures. and 

provide policy direction to district, state, and local governments. In some countries. both 

developed and developing, state governments lead the national government in promoting 

and implementing adaptation (Mertz et al., 2009). 

Governments at all levels play important roles in advancing adaptation and in enhancing 

the adaptive capacity and resilience of diverse stakeholder groups (Noble et al., 2014). , 
Governments have the potential to directly reduce the risk and enhance the adaptive 

capacity of vulnerable areas and populations by developing and implementing locally 

appropriate regulations including those related to zoning, storm water management and 

such as basic service provision and the promotion of equitable policies and plans (Adger 

et al. 2003; Brooks et al. 2005; Nelson et al. 2007; Agrawal and Perrin, 2008; Agrawal, 

2010). 

As institutional actors, local governments and community institutions influence the 

distribution of climate risks, mediate between levels of government as well as between 

social and political processes, and establish incentive structures that affect both individual 

and collective action at all levels (Agrawal and Perrin, 2008). They are in a pivotal 

position (See Figure 3) to promote widespread support for adaptation initiatives, foster 

intergovernmental coordination, and facilitate implementation, both directly and through 

mainstreaming into ongoing planning and work activities (Anguelovski and Carmin, 20 I I; 

Carmin et al., 2012), The involvement of policymakers and multiple stakeholders with , distinct roles and responsibilities is critical to successful EbA because ecosystems 
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typically support diverse sectors and different social groups in multiple ways. For instance 

a forest may provide local communities with forest goods for their livelihoods (e.g. 

timber, game, nuts and fruits. fibre), while at the same time supporting commercial 

tourism and timber harvesting. In brief, all smallholder farmers and relevant stakeholders 

must appreciate the need to conserve and sustainably use ecosystem services if they do not 

want to compromise agriculture growth (CGIAR-WLE, 2014). In reality however, the 

critical part of EbA approach is at the on-site or individual farm level and unless a sizeable 

number of smallholder farmers, in a particular community or region, implement an 

effective package of EbA practices, the main goal of EbA would not be realised (CGIAR- 

WLE, 2014). 

Figure 3. Role of Stakeholders in Ecosystem-based Adaptation 

/" ---- : 
• Mainshcam adaptauon and ecosystem services 
• Unk ecosystem and other sectors in adaptation 
• Develop innovative funding 
• Inllllet1ce international policies 
• Strengthen the links between adaptation and mitigation 

. __ . ._. . J ,..- ... _. ._- --- _. -_. __ . __ .-' 
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Support policy design and 
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Source: Adapted from Vignola et al .. (2009; cited in Mensah et al., 2012) 
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2.6.1 Overview of key Climate Change Units in Ghana 

In Ghana, attention to climate change is gaining momentum both at the highest political 

level and across sectors. Climate change is being mainstreamed into national development 

frameworks, such as the Ghana Shared Growth and Development Agenda (GSGDA) 

(2010-2013) coordinated by the National Development Planning Commission (NDPC) 

(MESTL 2013). In addition, climate change is among various thematic areas receiving 

support under the "Natural Resources and Environmental Governance" initiative (NREG), 

from key development partners and the World Bank. Practically, there are both actors with 

a high and low influence in the country's agriculture adaptation initiatives: Actors with the 

highest perceived influence in Ghana's agricultural climate change adaptation regime 

include the Ministry of Food and Agriculture (MOF A), Ministry of Environment, Science, 

Technology and Innovation (MESTI), Environmental Protection Agency (EPA), farmers 

and the World Bank (Sova et al., 2014). They also stated that, farmers, as noted above, are 

considered highly influential in the agricultural climate change adaptation policy process, 

but only when the perspectives of actors from regional and district levels are introduced. 

Farmers do not occupy an influential position from the perspective of central-level actors 

alone. 

Conferring with Sova et al., (2014), there are several key 'entry points' into Ghana's 

development planning process for climate change mainstreaming or climate policy 

integration. These include (I) National Development Planning Commission (NDPC) 

planning medium-term guidelines for Metropolitan, Municipal and District Assemblies 

(MMDAs) and Ministries, Departments and Agencies (MDAs); (2) Ministry of Finance 

(MOF) Budget guidelines for MMDAs and MDAs; (3) National Medium-Term Planning 
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, 
Frameworks (that is. GSGDA I) and District Annual Action Plans (AAPs): (4) Annual 

Functional and Organizational Assessment Tool (FOAT) assessments of MMDA 

operations, among others. According to the Ghana' s NCCP, (2013). thirteen (13) 

ministries and their associated departments and agencies are involved In mitigating 

climate change. Some of these ministries or institutions are discussed below. 

r 

2.6.1.1 Ministry of Food and Agriculture 

The Ministry of Food and Agriculture (MoFA) is the lead public organization for 

development of the food and agriculture sector. MoF A is responsible for policy 

formulation, programming and coordination within the sector and also hosts and operates 

the national public agricultural extension service. According to Sova et al., (2014), MOFA 

works in close collaboration with related ministries, such as the Ministry of Lands and 

Natural Resources (Forestry Commission), Ministry of Communication (Ghana 

Meteorological Agency), Ministry of Water, and the Council for Scientific and Industrial 

Research (CSIR). The agricultural sector working group, which meets monthly, serves to 

link development partners with government, NGOs and civil society organizations (CSO) 

in the country (NCCP, 2013). For effective implementation of its activities, MoF A is 

decentralised with clearly outlined responsibilities at each level. At the national level, 

various departments and technical directorates are responsible for policy formulation, 

national programming, coordination and technical support to regions. At the regional 

level, the major activities are coordination and technical support to district offices. It is at 

the district level that extension services are operationalized with a cadre of extension 

officers. MoF A currently is using a unified approach to extension, which demands that 

extension agents provide information on a wide range of technical issues (Sova et aI., 

, 

, 
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2014). Although climate change and variability was not clearly captured as one of 

constraints to food and agriculture sector development during the preparation of Food and 

Agriculture Development Policy (F ASDEP II), the six programme areas of the Medium- 

Term Agriculture Sector Investment Plan (MET ASIP) provide very good entry points for 

addressing challenges posed by climate change and variability (Sova et al.. 2014). MoFA 

is already building the capacity of extension staff at the regional and district levels to be , 
J 

able to appropriately mainstream climate change in their extension messages (Neep, 

2013). At the policy level, steps are being taken to develop a climate change adaptation- 

mitigation strategy with the aim of enhancing the expected outcomes of the 

implementation of the METASIP (Neep, 2013). 

2.6.1.2 Ministry oj Communications (Ghana Meteorological Services Agency) 

The Ghana Meteorological Services Agency (GMet) was set up in December 2004 by the 

Ghana Meteorological Agency Act (Act 682) to replace the former Ghana Meteorological 

Services Department. The primary function of GMet is to provide efficient weather 

services through the collection, processing, storage and dissemination of meteorological 

data to end users (Neep, 2013). Recipients of information from the GMet include the 

Ministry of Food and Agriculture, Ministry of Lands and Natural Resources including the 

Survey Department, NAOMO, universities, research institutions, airlines, maritime 

operations, banks, cocoa farmers and producers of other crops (MESTI). According to the 

Neep (2013), although GMet has been undergoing institutional reforms for some time 

now, especially in the areas of data commercialization and overall capacity development, 

the Agency is still confronted with several limitations, such as: Inadequate number of 

professional staff; Inadequate level of funding; Poor or outdated infrastructure for climate , 
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information gathering and forecasting: Lack of efficient telecommunication systems: Lack 

, 

of high computational interconnectivity which is needed at synoptic stations to send data 

to aid forecasting; and Need for more automated weather and computation stations. These 

challenges affect the ability of GMet to collect climate information for further 

development into useable products for the country. Where capacity is inadequate, the 

country's ability to plan adaptation measures and adapt effectively becomes highly 

constrained. Hence, there is the need for GMet to be strengthened in the area of climate 

research so as to support hydrological modelling (NCCP, 2013). 

2.6.1.3 Ministry of Education 

The role of the universities in climate change for education, research and capacity 

building is worth mentioning. Although there are a number of researchers carrying out 

climate change research in the various universities, a research diagnostic shows that there 

is a limited coherent approach to climate change and development research (NCCP, 2013). , 
.! 

Also, the absence of a national climate change research agenda means that there is a lack 

of coordination and communication between different research institutes (NCep, 2013). 

Hence, project information remains as grey literature rather than being made properly 

available to other research institutions. Current capacity for climate change research 

remains low, especially in universities and their research institutes. This could be 

attributed to limited incentives and resources available for climate change research. For 

example, many if not all, the universities lack adequate technologies and equipment 

necessary for research into climate change science (NCCP, 2013). 

, 
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2.7.1.4 Ministry of Finance 

70 

The Ministry of Finance (MOF) has created a natural resources, environment and climate 

change unit to oversee, coordinate and manage financing of and support to natural 

resources and climate change activities. Apart from their representation in the NCCC, 

MOF has been active in the national processes to mainstream climate change into national 

development planning (NCCP, 2013). The Ministry is legally enabled to function as the , 
• 

fiduciary administrator of the Adaptation Fund in Ghana. MOF is also leading the inter- 

ministerial collaboration under the Forest Investment Programme (FIP) initiative by the 

World Bank Group to support REOO+ implementation in Ghana (NCCP, 2013). 

The Natural Resource Governance desk at MOF centrally coordinates the budget support 

programme under the NREG and FIP initiatives. Also, the Ministry coordinates all forms 

of support (domestic and international) to climate change-related activities in Ghana. This , 
j 

is to avoid potential overlaps and potential duplication of efforts and above all to distribute 

resources to where they are most needed. MOF is also engaged in the process of 

developing national climate change budgeting guidelines to facilitate mainstreaming 

climate change into national planning (NCCP, 2013). 

2.7.1.5 National Development Planning Commission 

The National Development Planning Commission (NOPC) is a body mandated to advise 

the President of the Republic of Ghana on development planning policy and strategy, to 

prepare and ensure the effective implementation of approved national development plans 

and strategies, and coordinate economic and social activities countrywide in a manner that 

will ensure accelerated and sustainable development of the country and improvement in 

the standard of living for all Ghanaians (NCCP, 2013). 
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NDPC, working in close collaboration with EPA, MESTI and MOF. has ensured the 

reflection of climate change issues in the current Medium-Term Development Policy 

Framework (GSGOA: 20 I 0-20 13). As part of its mandate, NDPC has translated climate 

change issues into planning guidelines and subsequently trained all the Metropolitan, 

Municipal and District Assemblies, and in particular the 32 newly created districts, on 

how to mainstream climate change issues into development plans (NCCP, 2013). Working 

with the Africa Adaptation Programme at EPA, NOPC with the Fiscal Decentralization 

Unit of MOF has developed an indicator on climate change for the District Functional 

Organizational Assessment Tool (FOAT). The FOAT is an assessment tool used to 

determine the quantum of funds released to the districts. On the monitoring side, NPDC in 

collaboration with all the sectors ensures the development indicators (including climate 

change) are main streamed into the national monitoring and evaluation plan to guide the 

implementation of the sector and districts (NCCP, 2013). 

2.7.1.6 Ministry of Environment, Science, Technology and Innovation 

Prior to the realignment of the environment, science and technology sectors into the 

Ministry of Environment, Science, Technology and Innovation (MESTI) in 2009, the 

environment portfolio was an integral part of other ministries such as the Ministry of 

Environment and Science and the Ministry of Local Government, Rural Development and 

Environment (NCCP, 2013). The mandate ofMESTI includes: Protecting the environment 

through policy formulation and economic, scientific and technological interventions 

needed to mitigate any harmful impacts caused by development activities; Setting 

standards and regulating activities concerning the application of science and technology in 

managing the environment for sustainable development; Promoting activities needed to 
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underpin the standards and policies required for planning and implementation of 

development activities; Coordinating, supervising, monitoring and evaluating activities 

that support goals and targets of the ministry and national sustainable development; and 

Spatial planning of urban and rural areas (NCCP, 2013). To achieve this, the Ministry 

operates through the following: The Council for Scientific and Industrial Research 

(CSIR) and its 13 institutes; The Ghana Atomic Energy Commission (GAEC); The Ghana 

farmers to effectively implement EbA practices, especially in a large scale. Some of these 

Environmental Protection Agency (EPA); and The Town and Country Planning 

Department (TCPD) (NCCP, 2013). 

2.6.2 Opportunities for Smallholder FarmerslInstitutions to Adopt Ecosystem-based 
Adaptation in Agriculture. 

Despite the changing climate and its associated effects, EbA practices in agriculture have 

enormous potentials for growth in Ghana and across the African continent. This stems 

.' from the continent's abundant natural resources, particularly land, and the large yield gap 

J that stakeholders and/or institutions can explore to increase food security and the adaptive 

• 
capacities of smallholder farmers. Several opportunities (e.g., institutions, projects, 

agreements and programs) that could create a suitable environment for smallholder 

opportunities include are listed below: International Center for Agricultural Research in 

the Dry Areas; Alliance for a Green in Africa; Climate-smart agriculture; Conservation 

72 

Agriculture, Consultative Group on International Agricultural Research; Global 

Leadership For Climate Action; Committee of African Heads of State and Government on 

Climate Change; Centre for Agriculture and Rural Development International. 
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2.6.2. I Alliance for a Green Revolution in Africa 

In 2014, the Alliance for a Green Revolution in Africa (AGRA) identified seven priorities 

for adaptation action emerging from their own analyses, as well as from the AR5 Working 

Group II findings on impacts and adaptation in the agriculture and food sectors these 

priorities areas included: I). Urgency - since climate change is affecting food and farming 

now, we need to speed up the pace of adaptation to achieve mitigation co-benefits 

insurance products to improve both risk management and access to capital for adaptation 

! 
( 

wherever possible. 2). Investment - the need to increase the proportion of climate finance 

going into adaptation, and to secure a flow of resources to locations and populations 

where adaptation needs are greatest. 3). Private finance - the need for creative finance and 

actions, especially among smallholder producers. 4). Value chains - the need to pay more 

attention to how food value chains are managed to deal with climate risks, secure 

affordable and nutritious food supplies for poor consumers, and improve links between 

small-scale producers and processors to stable markets, whether local or distant. 5). 

Knowledge - since climate change is not static, we will continually need to generate and 

share new knowledge, extending the information revolution into fields, forests and 

fisheries in remote localities. 6). Breeding - the need to invest now in farmer- and science- 

73 

led breeding, as it is demonstrably one of the most effective climate change adaptation 

measures, and requires 8-20 year lead times for the release of new varieties of crops and 

livestock. 7). Nutrition - the need to focus development interventions that ensure not just 

maintained calorie supplies under climate change, but also enable access to diverse food 

baskets as well as to fortified or biofortified food staples. This is especially important in 

more remote rural areas where changes in dietary preferences, and hence food diversity, 

are likely to be slower. In the nutshell, AGRA is well placed to engage in all of these 
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• 
suggested priority actions. either through direct action with research and dex elopment 

partners or through policy advocacy at the highest levels. 

, 

2.6.2.2 Climate-Smart Agriculture 

Climate-smart agriculture (CSA) is an approach for addressing food security challenges 

under the new realities of climate change (AGRA, 2014). CSA is agriculture that 

sustainably increases productivity, resilience (adaptation), reduces/removes GHGs 

(mitigation), and enhances achievement of national food security and development goals 

(F AO, 201 Ob). CSA identifies synergies and tradeoffs among food security, adaptation 

and mitigation as a basis for reorienting agricultural policies and practices in response to 

climate change. Examples of CSA include improving the efficiency of water and nutrient 

use, use of diverse varieties and breeds, integrated pest management, integrated crop, 

livestock and agroforestry system, and improved grassland management. With climate 

smart technologies, the threats of climate change to agriculture can be reduced by 

increasing the adaptive capacity of farmers, increasing resilience and resource use 

efficiency, and enhancing the mitigation potential of agricultural landscapes. Smallholder 

farmers across Africa have begun implementation of climate-smart farming approaches 

and technologies, but as the impacts of climate change become increasingly evident, they 

may need to adapt more quickly and more comprehensively (AGRA, 2014). Henceforth, a 

large scale adoption of climate-smart practices by smallholders will require strong 

institutional, public and all relevant stakeholders support, along with greater access to 

improved technologies and local and international markets. 
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2.6.2.3 Consultative Group on International Agricultural Research 

The Consultative Group on International Agricultural Research (CGIAR) is the only 

worldwide partnersh ip addressing agricultural research for development. whose work 

contributes to the global effort to tackle poverty, hunger and major nutrition imbalances, 

and environmental degradation (Noble et al., 2014). According to the CG IAR Annual 

Report, (20 II), it is carried out by 15 Centers, members of the CGIAR Consortium, in 

close collaboration with hundreds of partners, including national and regional research 

M - institutes, civil society organizations, academia, development organizations and the 

private sector. The 15 Research Centers generate and disseminate knowledge, 

technologies, and policies for agricultural development through the CGIAR Research 

Programs (CGIAR Annual Report, 2011). The CGIAR Fund provides reliable and 

predictable multi-year funding to enable research planning over the long term, resource 

allocation based on agreed priorities, and the timely and predictable disbursement of funds 

. I 75 

(ibid). The multi-donor trust fund finances research carried out by the Centers through the 

• 
CGlAR Research Programs. Their collections of genetic resources are the most 

comprehensive in the world (CGIAR Annual Report, 2011). The CGIAR Consortium 

collaborates with research and development partners to solve development problems. To 

fulfill their mission the undertaken the following activities: Identify significant global 

development problems that science can help solve; Collect and organize knowledge 

related to these development problems; Develop research programs to fill the knowledge 

gaps to solve these development problems; Catalyze and lead putting research into 

practice, and policies and institutions into place, to solve these development problems; 

Lead monitoring and evaluation, share the lessons we learn and best practices we 

discover; Conserve, evaluate and share genetic diversity; and Strengthen skills and 
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knowledge in agricultural research for development around the world (CGIAR Annual 

Report, 20 I I). 

2.6.2.4 Global Leadership for Climate Action 

Addressing climate change is one of humanity's greatest and most pressing challenges. 

and one that requires an urgent response. The Global Leadership for Climate Action 

(GLCA) is a task force of world leaders committed to addressing climate change through 

international negotiations. A joint initiative of the UN Foundation and the Club of Madrid. 

the GLCA consists of former heads of state and government as well as leaders from 

business, government and civil society from more than 20 countries (UNF, 2016). 

The scientific diagnosis has been made and the time for action is now. An agreement to 

begin negotiation to address climate change post-20 12 has remained elusive. GLCA is 

working to help galvanize the international action and mobilize the political will necessary 

for a new international agreement on climate change. GLCA seeks to; mobilize political 

will and invigorate international negotiations toward an agreement on climate change 

beyond 2012; and develop a framework for a new agreement and a statement of principles 

addressing the difficult issues in negotiating such an agreement (UNF, 2016). In line with 

that, the GLCA in 2008 reflected on the view that progress on technology development 

and cooperation and on the creation of new financial mechanisms for addressing the 

climate challenge is particularly important to developing countries and thus is needed to 

facilitate a global agreement in 2009 (UNF, 2016). 

2.6.2.5 Global Environment Facility 

The Global Environment Facility (GEF) was established on the eve of the 1992 Rio Earth 

Summit, to help tackle our planet's most pressing environmental problems. Since then, the 
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• GEF has provided $14.5 billion in grants and mobilized $75.4 billion in additional 

financing for almost 4,000 projects. The GEF has become an international partnership of 

183 countries. international institutions, civil society organizations. and private sector to 

address global environmental issues (AfDB-GEF, 2015). 

The GEF is the financial mechanism for 5 major international environmental conventions: 

the Minamata Convention on Mercury, the Stockholm Convention on Persistent Organic 

Pollutants (POPs), the United Nations Convention on Biological Diversity (UNCBD), the 
• 

United Nations Convention to Combat Desertification (UNCCD), and the United Nations 

Framework Convention on Climate Change (UNFCCC) (AfDB-G EF, 2015). Hence, 

investments in these directions may increase the resilience of African cities and 

communities to the changing climate when funds are focused on reducing the vulnerability 

of people to climate change and building their resilience in both urban and rural settings. 

~ . The G EF has 18 implementing partners. These include: African Development Bank 

(AfDB), Conservation International (CI), Food and Agriculture Organization of the United 

Nations (F AO), International Fund for Agricultural Development (IF AD), International 

Union for Conservation of Nature (lUCN), United Nations Development Programme 

(UNDP), United Nations Environment Programme (UNEP), United Nations Industrial 

Development Organization (UNIDO), West African Development Bank, World Bank 

Group (WBG), World Wildlife Fund U.S. (WWF) (AfDB-GEF, 2015). 
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• 2.6.3 Perverse Incentives and Barriers that Might Exist to Hinder Institutional 

Efforts in the Adoption of EbA in Agriculture. 

Governments at all levels play important roles in advancing adaptation and in enhancing 

the adaptive capacity and resilience of diverse stakeholder groups (Noble et QI.. 2014). 

They are in a pivotal position to promote widespread support for adaptation initiatives. 

foster intergovernmental coordination, and facilitate implementation, both directly and , 
through mainstreaming into ongoing planning and work activities (Anguelovski and , 

•• Carmin, 2011; Carmin et al., 2012). Therefore governance failure has a significant 

influence on an individual or institutional vulnerability. For instance, short-term interests. 

when dealing with long-term issues, can limit incentives to make investments (Noble et 

al., 2014). Similarly, the proximity that authorities have to interest groups can sway their 

decisions toward other issues, while the drive to engage the public in planning and other 

activities can orient priorities in ways that do not support adaptation (Corfee-Morlot et al .. 

• (.: 2011). Local governments also may lack institutional capacity or have difficulty gaining 

coordination among departments as conflicts emerge to obtain scarce resources 

(Satterthwaite and Dodman, 2009; Hardoy and Romero Lankao, 2011). In Bangladesh, the 

limited access of local governments to resources has been cited as a barrier to local 

adaptation (Christensen et al., 2012). 

Despite the potential of governments to influence adaptive capacity, local governments are 

frequently deficient in their human and technological capacity or mandate to develop and 

enforce regulations. Specifically, local governments in developing countries are 

confronted with numerous setbacks that hinder their ability to identify needs and pursue 

adaptation options (Noble et al., 2014) 
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2.6.4 Supportive Incentives and/or an Enabling Environment for Scaling Up the 
Adoption of EbA Practices in Agriculture. 

There are lots of opportunities and incentives at both the international and national levels 

that can create a suitable environment for the adoption of EbA practices. According to 

FAO (2013), taking into consideration both the observed and expected impacts of climate 

change on smallholder farmers, as well as their importance to global food production, 

governments, NGO's and multilateral organizations are now actively endorsing actions to 

help smallholder farmers adjust to climate change. To boost the capacity of smallholder 

farmers to manage climate risks, majority of the efforts are targeted on both strengthening 

and expanding four key activities which include; adapting farm management practices; 

developing new technologies like satellite-based early warning systems; assisting farmers 

in accessing credit, capital and risk-insurance; and facilitating government support in 

terms of subsidies, insurance, technical assistance (Smit and Skinner, 2002; Howden et 

! 
f al., 2007; cited in Vignola et aI., 2015). Conferring with Munang et al., (2014), for the 

first time in June 2012, global leaders explicitly recognized ecosystems as the core 

element in addressing climate change impacts and paving the way toward achieving 

sustainable development. However, questions regarding the types of strategies, 

approaches, and actions required still generate divergent views from the international 

community. A logical approach, gaining great momentum, uses the natural environment to 

adapt to climate change and maintain our life support systems through what is called 

Ecosystem-based Adaptation (EbA). 

The AU and its Member States, regional institutions and other development partners have 

initiated a number of policy initiatives and programmes over the past few decades to boost 

agricultural production and rural livelihoods. These included: firstly, the AU 2003 Maputo 
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• 
Declaration on Agriculture and Food Security in which African Heads of State and 

Government agreed to allocate at least 10% of national budgetary resources to agriculture 

and rural development policy implementation within five years. SSA countries invest. on 

average. 5-7% of public expenditure in agriculture, compared to 8-10% in Asia 

(RESAKSS, 2010; cited in AGRA; 2014). Secondly, the Comprehensive Africa 

• Agriculture Development Programme (CAADP), implemented by the AU's New 

Partnership for Africa's Development, which aims to realize a 6% annual growth in 

agricultural gross domestic product; and the AU's Agenda 2063, a strategic framework for 

optimizing the use of Africa's resources for the socioeconomic transformation of the 

continent (EBAFOSC 2, 2015, July). 

Furthermore, a number of AU Summit outcomes have specifically addressed the issue of 

agriculture and food and nutrition security, notably: the 2004 Sirte Declaration on the 

! 
! 

Challenges of Implementing Integrated and Sustainable Development in Agriculture and 

Water in Africa; the 2007 Decision on the Abuja Summit on Food Security in Africa; the 

2009 Sirte Declaration on Investing in Agriculture for Economic Growth and Food 

Security; and the 2014 Malabo Declaration on Accelerated Agricultural Growth and 

Transformation for Shared Prosperity and Improved Livelihoods, adopted during the 

African Year of Agriculture and Food Security. Related decisions adopted by the African 

Ministerial Conference on Environment (AMCEN) at its recent meetings include: 

Decision 15/1 on 'Sustainably Harnessing Africa's Natural Capital in the Context of 

Agenda 2063'; and Decision 14/9 on 'Engaging Member States to Ratify and Adopt a 

Strategy on the Promotion of the Ratification of the Maputo Convention on Nature and 

Natural Resources' (EBAFOSC 2, 2015, July). 
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The U FCCC seventeenth Conference of the Parties (COP 17) in Durban, South Africa 

saw decision-makers from 194 countries progress with plans to finance global adaptation 

efforts through the so-called Green Climate Fund, first articulated at COP 15 in 

Copenhagen in 2009 (EBAFOSC 2, 2015, July). The Durban talks resolved key issues 

related to the fund's design, readying its coffers to receive the US$I 00 billion per annum 

that developed nations have committed to leveraging by 2020 to help developing nations 

mitigate and adapt to climate change (Jones et al., 2012). These prospective funding 

flows, in combination with rapidly rising levels of multilateral (for example, the World 

Bank's Pilot Program on Climate Resilience), bilateral (for example, Germany's 

International Climate Initiative) and national adaptation finance, mean that adaptation 

efforts are poised to receive unprecedented funding in a bid to meet estimates of global 

adaptation need, ranging from US$49 billion to US$171 billion per year (UNFCCC, 

2007). Hence, the multibillion-dollar question is: what will this money be spent on? - . 
While the agricultural sector faces many risks that limit the willingness of banks to lend, 

partnerships can help banks manage these risks and develop financial products that meet 

the needs of smallholder farmers. On the role of multi lateral financing, Bakarr (2015), 

stressed the need for a more comprehensive approach to food security, as called for by 

many governments, and highlighted a US$120 million Global Environmental facility 
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(GEF) programme dedicated to food security and sustainability in Sub-Saharan Africa that 

was launched in June 2015. Also, Muiruri (2015), highlighted the importance of 

establishing partnerships with institutions, such as AGRA and the International Fund for 

Agricultural Development, who can share part of the risk and build the capacity of 

borrowers, while increasing banks' understanding of smallholder conditions. 
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According to WUrtenberger et al .. (2011), the "Innovative Insurance Products for 

Adaptation to Climate Change' (IIPAC) project has been developed to enable the 

insurance sector in Ghana, through the National Insurance Commission (NIC) and the 

MOF, to offer innovative and economically sustainable insurance products against the 

financial risks caused by extreme weather events and variable temperatures and 

precipitation. It is hoped that the interventions will improve income security, food 

security, credit availability and employment opportunities for Ghana's rural population. 

2.7 Conceptual Framework 

This study would be guided by the Driving Forces-Pressures-State-Impacts-Response 

(DPSIR) model. The origin of DPSIR can be traced back to the 1970s in the works of 

Anthony Friend and David Rapport, two Canadian statisticians who developed PSR 

(Pressure-State-Response) framework, and to the State of Environment (SOE) group of 

- • Organization for Economic Cooperation and Development (OECD) who converted PSR to 

DPSIR (Weizsacker and Jesinghaus, 1992; cited in Peprah, 2014; Gabrielsen and Bosch, 

2003). This framework has moved from a tool for describing natural ecosystems under 

stress to a framework for describing human-environment interactions and the related 

information flows (Gabrielsen and Bosch 2003).The abbreviation DPSIR stands for a 

conceptual framework for the description of the environmental problems and of their 

relationships with the socio-economic domain, in a policy meaningful way (Omann, et al., 

2009). The EEA, (2006) defined DPSIR as a "causal framework for describing the 

interactions between society and the environment". It represents a creative way of 

redefining an environmental problem and generating solutions from appropriate responses 

(Carr et al., 2007; cited in Peprah, 2014). According to its terminology, social, natural 
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and/or economic developments (Driving Forces, D) exert Pressures (P) on the 

environment and, as a result. the State (S) of the environment alters. This leads to Impacts 

(I) on ecosystems, human health, and society, which may elicit a societal Response (R) 

that feeds back on Driving Forces, on State or on Impacts via various mitigation. 

adaptation or curative actions (Smeets and Weterings. 1999; Gabrielsen and Bosch, 2003; 

cited in Maxim et al., 2009). EbA conceptualized in the DPSIR model (see Figure 4) 

shows how EbA can help lessen major pressures from climate change on ecosystems, and 

their associated benefits, by sustainably managing, conserving and restoring ecosystems 

and the services they produce and in tum reducing the vulnerability and/or increasing the 

adaptive capacity of local communities and smallholder farmers. 

Within this framework driving forces (D) like; climate change, population growth etc., are 

referred to as the fundamental factors causing or influencing a range of pressures on 

ecosystems. The MA (Millennium Ecosystem Assessment) proposes that driving forces 

can be both anthropogenic and natural factors "that directly or indirectly cause a change in 

an ecosystem" (MA, 2005). The pressures (P) like; excessive use of ecosystems, changes 

in land use, radiation etc., are referred to as the variables that directly cause the changes in 

these ecosystems. Because of pressures, the state (S) of the ecosystem is affected; for 

example; the provision of adequate services for well-being, resources availability, water 

and air quality, biodiversity, among others. The state is the condition of the abiotic and 

biotic components of the ecosystems. Similarly, some authors (Bowen and Riley, 2003; 

Giupponi and Vladimirova, 2006) revealed that, the State can be explained as either 

natural systems alone or as both natural and socio-economic systems (Rogers and 

Greenaway, 2005). The state of the environment is therefore an amalgamation of the 
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physical, chemical and biological conditions/features of the ecosystems vulnerable to 

pressures (Kristensen, 2004; Maxim et al., 2009). Impacts (I) refer to the effects of 

• 

changes in ecosystems. Changes in the "carrying capacity" or quality and functioning of 

the ecosystem have impacts on the well-being of humans through the provision of 

ecosystem services. An Impact may refer to effects on biotic and abiotic elements of 

ecosystems (Mortensen et al., 2005; Borja et al., 2006). Often, these changes are 

• "negative" in the sense that, they affect adversely the functioning of ecosystems relative to 

their potential performance, under otherwise plausible conditions (Nunes et al., 2003). 

Finally, response (R) is defined as the efforts initiated by society to directly or indirectly 

trigger the societal perception of impacts and tries to prevent, eliminate, compensate, 

reduce or adapt to them (impacts) and their consequences (Omann et al .. 2009). 
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As shown in Figure 5, Ecosystem-based Adaptation (EbA) has been conceptualized in the 

DPSIR Framework. Climate change and other drivers (agriculture, households etc.) exert 

pressures (emissions, waste production, hazards etc.) on the ecosystems (plants, animals 

etc.) that have a inverse relationship with their services. Therefore, the lesser the 

pressures, the more the services provided and the vice versa. The consequence is that, this 

interactioin leads to some effects (adaptive capacity, crop yields, food security, health) on 

society and ecosystems, which may directly influence societal response via ecsoystem 

based adaptation or through the local or national governments decisions (ensures equal use 

of services and restores and improves the biophysical processes) which feeds back on 

driving forces, on State or on effects through different mitigation, adaptation or curative 

actions. 
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Figure 4: The Driving Forces-Pressures-State-Impacts-Responses (DPSIR) 
Framework . 

• 

Source: Adopted from Smeets and Weterings, (1999; cited in Maxim et al., 2009). 

Figure 5: Ecosystem-based Adaptation (EbA) Conceptualized in the Driving Forces 
Pressures-State-Impacts-Responses (DPSIR) Framework. 
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Source: Adapted from Mensah et al., (2012). 
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Relevance of the DPSIR Framework 

The northern part of Ghana, since 2007, continuously suffers from the double tragedy of 

droughts and floods which are indicators of climate change (Akudugu and Alhassan, 

20 12a). They further stated that, the Upper East, Upper West and Northern regions are hit 

most from the devastating influence of climate change due to their high level of 

vulnerability. Smallholder farmers are characterised by unfavorable circumstances, inter 

alia, low access to education, information and less capacity to adapt to changing climate" 

(Regassa et al.. 2010; IFAD, 2013; AGRA, 2014). These undesirable characteristics of the 

smallholder farmers make them highly vulnerable to the harsh impacts of climate change. 

! 

The DPSIR framework is significant to this study as long as agriculture and smallholder 

farmers in the Jirapa District and the country at large, are affected by both natural and 

socio-economic driving forces. Jirapa District is part of this vulnerable region (Upper 

West) and as such farmers are faced with a range of factors (social, environmental, 

technological and political) which influence their adaptive strategies to climatic stimulus. 

Due to the vulnerable state of smallholder farmers in the study area, their skills and 

available resources which influence their adaptive capacity, they will chose an adaptive 

strategy that will be cost-effective, flexible and address the negative stimuli that affects 

their farming activities. Nonetheless, this is highly dependent on smallholder farmers' 

knowledge about climate change and adaptation options since efforts will be made to 

adopt short or long-term agricultural practices that tackle the impacts of changes, if only 

they have knowledge of climate change effects and adaptation existence. These impacts 

henceforth, bring about some diverse societal and individual (e.g., smallholder farmers) 

choice of adaptive actions in their farming systems. 
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CHAPTER THREE 

METHODOLOGY 

3.1 Introduction 

This chapter gives an overview of the methodology adopted in carr) ing out the study, 

namely the study design, study population; sampling procedure, source of data 

instruments and the data process, analysis, presentation and discussions. 

3.2 Research Design 

The study used the mixed methods design, precisely, the sequential mixed method. A key 

strength of this method is that it gave the study the opportunity of using two or more data 

collection tools whereby the study expatiated on the findings of one method with another 

method (Creswell, 2009). 

Data collection process began with a focus group discussions (FGDs) and/or interviews 

for exploratory purposes. FOGs and interviews were used to gather data from smallholder 

farmers and key informants (chiefs, leaders of farmer groups, AEAs and managers of 

NGOs) on climate change and its impacts, ecosystem-based adaptation (EbA) practices, 

challenges and prospects EbA, farming systems/practices, ecosystem management, 

climate change adaptation measures, among others. This was followed up by 

questionnaires administration with the sampled population (235 respondents) and 

institutions (such as EPA, MOFA, FC, ACDEP CSIR and NGOs). This helped the study 

to make generalization of results to the entire population. 
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Konzokala, Toggu and Wulling were investigated to acquire varied views on the 

challenges and prospects of EbA practices and the different stakeholders and/or 
, 
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institutions that could promote the use of EbA practices on a large scale. The research 

design for the study is shown in the Figure 6 below. 

Figure 6: Research Design Framework for the Study 
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Mixed method 
design 

Research Methods 

Source: Adapted from Creswell, (2009). A Framework for Research Design-The 
Interconnection of Worldviews, Approaches of Inquiry and Research Methods. 

3.3 Data Types 

The study made use of both quantitative and qualitative data. The quantitative data 

• Data collection 
(interviews, FGDs) 

• Data presentation 
(charts, tables and 
photographs) 

• Data analysis 
(descri pti ve 
statistics, thematic 
texts analysis) 

included farm sizes, output (ie. bags), cost involved and ages of smallholders. Qualitative 

data would comprise of the ecosystem-based management practices, obstacles to 

ecosystems, agriculture ecosystem services, stakeholders/institutions, among others. 

"' . 
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3.4 Sources of Data 

The study collected data from primary and secondary sources. 

3.4.1 Primary Data Sources 

Primary data were largely collected from smallholder fanners. six key informants and 

some selected institutions like MoF A, ACDEP, EPA, FC and among others in the 

district/region, that engaged in agriculture, environment and/or ecosystem management. 

Primary data provided relevant first-hand information for this study. 

3.4.2 Secondary Data Sources 

Secondary data were collected from documented and existing literature sources like, 

internet, books, journals, periodicals, dissertations, newspapers, government reports, hand 

outs and other significant materials. This was considered appropriate because it helped 

reveal past and recent works that have been done in relation to EbA, smallholder farming 

systems, agriculture, climate change and among others. 
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3.5 Sampling Methods 

Considering time and financial constraints to managing all potential data, sampling 

techniques were used to minimize the volume of data to collect. 

3.5.1 Sampling Technique 

Both probability and non-probability sampling techniques were used. Under probability 

sampling the systematic sampling technique was employed. With regards to non 

probability technique, the purposive sampling technique was used. 
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Systematic Sampling 

Systematic sampling technique was used to select the smallholder fanners. The number of 

farmers in each community divided by the respective sample sizes gave the interval. The 

study then purposively selected a starting name on the comprehensive list of farmers 

generated from the existing farmer-based organization (FBO) and with the help of the 

interval every nth smallholder farmer was selected until the total sample size was 

attained for the three communities. The systematic sampling procedure for the selected 

smallholder farmers is shown in Table 5. 

land degradation, poor yields and considered as food in secured. In addition, the 

Table 5. Systematic Sampling Procedure for the Study 

Selected No. of smallholder No. Of Smallholder Nth Order 

Community 
farmers Farmers To Be Smallholder 

(Sample frame) Interviewed Farmer 

Konzokala 365 151 Every 2nd farmer 
- 

Every 2nd farmer ! Toggu 114 47 

Wulling 90 37 Every 2nd farmer 

Totals 569 235 

Source: Researcher's compilation, (2015) 

Purposive Sampling 

The three communities for the study in the Jirapa District were purposively selected. The 

selected communities fall within the Western-belt of the district which is challenged by 

communities form part of a project ("'Improving Livelihoods In Landscapes In The Volta 

Basin Through Farmer-Led Approaches To Ecosystem Based Management") collectively 
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undertaken by CIAT, IUCN, UDS and ACDEP which funded this study. Besides, 

purposive sampling was used to identify and collect data from key 
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institutions/stakeholders, such as MoFA. EPA, NGOs among others, likely to have 

relevant information and expert knowledge with respect to the issue under investigation. 

These institutions were considered based on their direct and indirect interests in 

agriculture and environmental issues, hence would offer the study relevant information. 

This sampling technique was appropriate because it saves time and makes sampled 

respondents easily accessible. 

3.5.2 Sample Frame and Sample Size Determination 

569 
n = --------:- 

1+569(0.05)2 
569 

n=--- 
2.4225 ' 

n = 234.88 235 smallholder farmers. 

Sample frame 

The sample frame consisted of the total number of smallholder farmers from the existing 

FBOs (569) within the three selected communities. 

Sample Size Determination 

With regards to sample size determination, a statistical formula propounded by Yamane 

J N 
(1967) was used. The formula is stated as: n = 2 where n is the sample size, N is 

1+N(e) 

the sample frame (total no. of smallholder farmers) and (e) is the level of precision (5%) 

(confidence level of95%). Substituting but N=569 and e= 0.05 into the formula: 

The 95% confidence interval or 5% margin of error was chosen to ensure that the sample 
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value that was obtained is close to the true population value or mean to accomplish the 

second principle of sampling which states that, the greater the sample size, the more 

accurate will be the estimate of the true population mean. 
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From the sample size that was determined usmg the above formula. the number of 

smallholder famers from each community were uniformly distributed to the size of 

smallholder fanners in each community. The formula to distribute the sample size 

according to the total number of smallholder famers in each community will be: 

Number of households in a community xn 
C, = , where C, refers to community proportion 

Total number of households 

and n refers to sample size. For instance, Konzokala's a community with the total number 

365x235 
of smallholder farmers as 365 was substituted into the formula: C, 569 ,cp =151. 

Selected No. of Households Sample sizes Sample percentage 

Community (Sample frame) ( %) 

Konzokala 365 151 64 

Toggu 114 47 20 

Wulling 90 37 16 
- 

Totals 569 235 100 

thus, C, =151. So the number of smallholder famers to be interviewed in this community is 

151. The same calculation was applied to obtain the sample size for the other 

communities. The proportionately distributed sample sizes for the communities are shown 

in Table 6. 

Table 6. Distribution of Sample size among Communities 
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Source: Researcher's compilation, (2015) 

3.5.2 Units of Enquiry 

The study's units of enquiry were smallholder farmers and the members of institutions 

such the Ministry of Food and Agriculture (MoF A), District Assembly, Forestry 
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Commission (FC), Ghana Environmental Protection Agency (EPA) and NGOs such as 

ACDEP, ProNet, and among others. 

3.6 Methods of Data Collection 

The methods that were employed in the study included observation, interviews. and focus 

group discussions at both district and community levels. Some pictures were taken and 

used as visual proof and appreciation of the study. 

3.6.1 Observation 

Observation was employed to complement the other methods of data collection. 

Observation was carried out in the selected communities to appreciate smallholders' 

farrning systems, EbA practices, ecosystem degradation distribution and among others. 

Observation was undertaken alongside photography to give a visual appreciation and 

understanding of relevant phenomena understudy. Observation as a method of data 

collection was relevant in situations where full and or accurate information cannot be 

elicited by questioning because respondents are either not cooperating or unaware of the 

answers to provide. Checklist was used to guide the observation process. 
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3.6.2 Interviews 

The study conducted face-to-face interviews with the support of an interview guide. This 

helped to collect data on the communities' EbA practices, agricultural extension services, 

benefits and challenges of EbA practices, the farrning systems, impacts of climate change 

on farming and the different stakeholders and/or institutional support or resistance. This 

was greatly important because it allowed respondents to be probed to explain their 

answers further. The probing also took the interview to a new path which the study may 
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not have initially thought of but helped to realize the objectives. Semi-structured 

Questionnaires were employed basically to enable an individual interaction with the 

participants such as smallholder farmers. The questionnaires were designed taking 

cognizance of the following; the communities' EbA practices. farming systems. impacts 

of climate change, cost of EbA practices, sizes of land cultivated and the level of different 

stakeholders and/or institutional involvement. The questionnaires were distributed in the 

three communities in accordance with the sample size arrived at in each community. 

Questionnaires data were used to complement the data from the interviews. 

3.6.3 Focus Group Discussions (FGDs) 

Six FGDs (ie. two FGDs in each community) were organized in the three selected 

communities (Konzokala, Wulling and Tuggo) in the Jirapa District. The two discussions 

in consisted of one male group of smallholder farmers and one female group of 

smallholder farmers. Therefore, at least seven (7) and most twelve (12) participants were 

present in each of the discussions at the communities. These discussions were used to 

obtain in-depth information on the communities' EbA practices, climate change impacts, 

agricultural extension services, cost and benefits of EbA practices, the current farming 

systems, and the different stakeholders and/or institutions support or resistance. This 

helped complement data obtained using the other methods. The FGDs were a good way to 

probe participants more on issues and allow them the opportunity to express themselves 

well without limitations. Focus group discussion guide was the tool to be used. 
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3.7 Data Analysis and Presentation 

The study uesd both quantitative and qualitative data analyses techiniques. Quantitative 

data was analyzed using descriptive statistics. The quantitative analysis was done based on 
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the responses from the questionnaires administered and the key informant interviews. 

Computer-based programmes like Statistical Package for Social Sciences (SPSS) and 

Microsoft Excel were used to aid the analysis and presentation of quantitative data in the 

form of charts and tables. With the help of the SPSS software, responses from smallholder 

farmers were coded and analyzed using descriptive statistics. The coding of responses 

enabled categorization of answers to make them meaningful. Photographs were added to 

give visual appreciation of findings. The findings were used to draw conclusions and 

make recommendations as well. Qualitative data, specifically the focus group discussions 

and interviews were analyzed through thematic text analysis whereby data were be 

grouped into themes or categories. Figure 7 below shows the methodological structure for 

the study. 

Figure 7: Methodological Framework for the Study 
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Source: Researcher's construct (2015) 
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CHAPTER FOUR 

DATA ANALYSIS, PRESENTATION AND DISCUSSIONS 

4.1 Introduction 

This chapter focused specifically on the detailed analysis of data collected around the 

various objectives. This was done to facilitate the production of meaningful findings. 

conclusion and potential recommendations. The presentation of the outcomes of the data 

analysis in this chapter are in the form of charts. The analysis was categorized into: 

Descriptivist Socio-demographic characteristics of various respondents; Challenges of 

Ecosystem-based adaptation (EbA) practices for smallholder farmers; Prospects of EbA 

practices for smallholder farmers; and Potential institutions that could support the 

adoption of EbA practices for smallholder farmers 

4.2 Descriptivist Socio-demographic Characteristics of Respondents 

4.2.1 Age distribution and Sex distribution of Respondents 

Through a careful analysis of the different age and sex categories, the data revealed that 

majority (39%) of the smallholder farmers are within the age group 40-50. For those 

within this age bracket, 19% are males while 20% constitute females. Following this is the 

age group 29-39 which is represented by 28% of the total respondents, 19% males against 

9% females. Also, the study realised that age group 62 and above had the minimum 

number of respondents (5%). The trend in Table 4.1 above also shows that smallholder 

agriculture in the communities is a male (54%) dominated activity hence the reason why 

agriculture activities involve extensive energy and manual labour in the study area. For 

instance, mounds/raised beds are prepared using hoes (See Appendix 2). Also, the results 

imply that there may be food insecurity or a fall in food production as less of the youth 
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(age group 18-28 representing II %). who are deemed to be active and more energetic. are 

engaged in agriculture as compared to the dominant age group 40 - 50 representing 39% 

of the sample population. The information explained above is shown in Table 7. 

Table 7: Age distribution and Sex distribution of Respondents 

Age Groups Frequency 

Males Females 

18 - 28 

29 - 39 

40 - 50 

51 - 61 

II 

44 

5 

62 and above 5 

Total 126 

Source: Field Survey (2016). 

15 

21 

46 

19 

8 

109 

Totals 

Overall Percentages (%) 

26 

65 

91 

36 

13 

235 

Males Females 

5 

19 

19 

9 

2 

54 

6 

9 

20 

8 

3 

46 

Overall 

Percentages 

(%) 

II 

28 

39 

17 

5 

100 

97 

4.2.2 Educational Qualification of Respondents 

As illustrated in Table 8, out of the total of 235 respondents, 189 representing 80% had no 

formal education 37 representing 16% had basic education, 9 representing 4% had 

secondary education. This implies there is a high level of illiteracy among smallholder 

farmers and may influence their adaptive capacity in the study area. This finding confirms 

the views of the World Bank, (2010a); Regassa et al., (2010); AGRA, (2014) that a large 

percentage of smallholder farmers have low access to education, information, rudimentary 

technology (inputs), and basic social and support services, and, consequently, have low 
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adaptive capacity to deal with the consequences of climate change. \\ ith \\ omen playing a 

key role in production. 

Table 8: Educational Qualification of Respondents 

Categories 

No Formal Education 

Basic education 

Frequency 

189 

37 

9 

235 

Percentages (0/,,) 

80 

16 

4 

100 

Secondary Education 

Totals 

4.3.1 Knowledge of Climate Change 

Out of the 235 sample smallholder farmers, 211 presenting (90%) of them responded 

Source: Field Survey (2016) 

4.3 Knowledge of Climate Change and Ecosystem-based Adaptation 

This section sought to ascertain smallholder farmers' perception of climate change. 

Specifically. it sought to determine the respondents' knowledge on climate change and 

EbA. On the issue of climate change, the respondents were asked; if they had heard about 

climate change, its meaning, commonly observed climatic trends, causes of climatic 

change, whether it has any impact on their livelihoods, as well as their responses to 

climate change impacts. Similarly, the respondents were asked; if they heard about EbA, 

its meaning, their willingness to adopt it, reasons for choice of such practices and the role 

of EbA practices on crop yield. 

"Yes" to both hearing and understanding what climate change signifies meanwhile 24 

representing (10%) responded "No" to not having any knowledge on cl imate change. 

Also, a majority (58%) of the respondents who have knowledge of climate change 
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indicated "Long Ago". 32% indicated "Recently" and 10% indicated "Just now". The 

implication is that, the smallholder farmers in the study have a high level of understanding 

of climate change" For the impacts of climate change on the livelihood of smallholder 

farmers, 97% of the sample population responded "Yes" while 3% responded "No". This 

can be seen in Table 9. 

Regarding the main causes of climate change, and whether or not the cause was due to 

natural processes, human activities or both, 17 respondents picked natural processes, 161 

respondents picked human activities and 57 picked both representing 7%, 69% and 24% 

respectively. The study results mean that human activities are the leading drivers of 

climate change. This conforms to the global consensus that, human activities were the 

main driving force of climate change (tPCC, 20I4a). With respect to whether or not 

respondents undertake any adaptive measures to climate change, a vast majority (92%) of 

the respondents indicated "Yes" whereas only 8% indicated "No. this finding implies 

smallholder farmers are already implementing some adaptive strategies to reduce their 

vulnerability to the changing climate. This confirms the works of Stanturf et al., (2011), 

who claimed that Ghanaian farmers are already undertaking integrated adaptive measures 

to reduce the risk of crop failure from droughts. The above descriptions are illustrated in 

Table 9 below. 
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Table 9: Respondents' Knowledge of Climate Change 

Heard/Meaning 

of Climate 
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Source: Field Survey, (2016). 
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4.3.2 Commonly Observed Climatic Changes 

The 235 smallholder farmers were asked to identify the common climatic trends they 

observed over the past three decades. Out of the 602 multiple responses that were obtained 

the majority of the respondents (198) selected lower rainfall representing 84%. Closely 

following that is higher temperatures (165) expressing 70%, whiles more variable rainfall 

(154) and perennial droughts (85) trailed, representing 66%, and 36%, respectively. 

However, none of the respondents chose lower temperatures. The implication is that 

smallholder farmers are aware of long term variations in the climate that is affecting their 

farming systems since they practice mainly rain-fed agriculture. This finding endorses the 

assertion that increasing phenomena like temperature, erratic rainfall, flooding and 

drought risks could affect agricultural production (Fallon and Betts, 20 I 0; World Bank. 

2014; IPCC, 2014b). Figure 8 below gives a quick visual impression of the above data. 

These commonly observed climatic changes were confirmed in a male focus group 

discussion where respondents lamented that there were more negatives than positives 

regarding the climatic trends. In a male focus group discussion at Konzokala community, 

a respondent explained: 

" ..... , nowadays, what we receive from the weather is very bad and disheartening. The 

rainfall is unreliable, temperature is too high and our farmlands are getting drier each 

year. For example, we don 'f even know when the rains are starting and when they come 

they will either stop very quickly or, they will notfall consistently for our crops to yield 

well ... , the temperatures are so high that the little moisture, left in our 'semi-dried farms', 

completely disappears thereby damaging our food production " 
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(Male FG D, Konzokala, March 2016). 
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Figure 8: Respondents' Commonly Observed Climatic Changes 
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4.3.3 General Adaptation Measures to Climate Change 

As indicated in the Figure 9, the adaptive measures employed by smallholder farmers 

included but not limited to; sand/stone bunds 60% (140 respondents), compo sting 94% 

(220 respondents), use of fertilizers 91% (215 respondents), use of heavy machinery 36% 

(85 respondents), crop rotation 93% (219 respondents), mixed farming 42% (98 

respondents), mixed cropping 29% (67 respondents)and changing sowing dates 33% (77 

respondents). It is worth noting that, a single respondent had the opportunity choose one 

or more measures based on what measures they adopted. Taking a critical look at these 

results revealed that, smallholder farmers adopt both EbA practices and hard-engineered 

(grey adaptation) practices but give more preference to EbA practices. This finding is in 

line with the works of some authors (Fujisawa and Koyabashi, 2010; Lasco et al., 2011; 
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Olesen et al., 2011; Altieri and Nicholls, 2013), who specified that globally, smallholder 

farmers have been adapting to climate change, and current common practices include 
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altering sowing times, crop cultivars and species, fertilizer control and among others. 

These general adaptation practices were confirmed in a both the male and female focus 

group discussions. For instance, during the female focus group discussion at Wulling, a 

respondent indicated that: 

" .... many of these practices like stone/sand bunds, crop rotation, mixed farming, 

composting etc .... , have been with us since our forefathers time .... these things we do are 

part of our culture and history ... , so we, our children and grandchildren will continue to 

use these practices " 

(Female FGD, Wulling, March 2016). 

Figure 9: General Adaptation Measures to Climate Change 
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Source: Field Survey, (2016). 
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4.3.4 Respondents' Direct and Immediate Means of Adapting to Climate Change 

From the data obtained from the sample population (235). a vast majority (69%) of the 

smallholder famers selected "naturaI/EbA responses" as their direct and immediate means 

of adapting to climate change whiles the remaining (31 %) indicated "hard 

engineering/non-EbA responses" representing 163 and 72 respondents respectively. This 

means that a vast proportion of smallholder farmers implement EbA practices as their 

direct and immediate way of adaptation. However, this finding is inconsistent with the 

EbA 

72 

163 

235 

31 

69 

100 

views of Noble et al., (2014), who claimed that when famers are confronted with climate 

related threats, first thought is given to engineered and technological approaches (non 

EbA) to adaptation. This is shown in the Table 10. In a male focus group discussion at 

Tuggo community, a respondent explained the following: 

" ... We usually turn to the 'droppings' of our animals or compost from our refuse dumps 

or sites, mixed farming etc ... as part of our immediate and direct adaptive strategies to 

climate change ... " (Male FGD, Tuggo, March 2016). 

Table 10: Respondents' DirectlImmediate Means of Adapting to Climate Change 

Adaptation Means Frequency Percentages (%) 

Hard-engineeering 

Totals 

104 

Source: Field Survey, (2016). 

4.3.5 Knowledge of Ecosystem-based Adaptation (EbA) Practices in Agriculture 

Relating to the 235 respondents examined, all of them responded "Yes" to having 

knowledge about EbA in terms of agriculture and its associated practices representing a 

100% response. This means that, all smallholder farmers are previewed to EbA practices 
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in the study area. Likewise, more than half (55%) of the 235 respondents (100%) who 

have knowledge of EbA indicated "Long Ago", whiles 40% and 5% indicated "Recently" 

and "Just now" representing 128, 95 and 12 respondents respectively. These results 

suggest that, quite a large number of smallholder farmers have a better of knowledge of 

EbA practices in agriculture which may be attributed to traditional knowledge or personal 

experiences. Figure 10 below clearly depicts the above elaboration. These results were 

confirmed in a female focus group discussion. For example, during a female focus group 
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discussion at Konzokala, a participant indicated that: 

" .... All of us seated here know and understand what is natural and what is not ... , the 

manure, grasses, animals were not made by us ... , we did nothing to bring then into 

existence but we use them to support our livelihoods andfight against uncertainties in 

life ... "(Female FGD, Konzokala, March 2016). 

Figure 10: Respondents' Knowledge ofEbA Practices 
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4.3.6 Preparedness of Respondents to Adopt EbA Practices in Agriculture 

When smallholder farmers were asked about their extent of readiness to adopt EbA 

practices in agriculture to help reduce the adverse impacts of climate change. 112 

respondents chose "strongly agree", 82 picked "slightly agree" and 41 indicated "slightly 

disagree" representing 48%, 35% and 17% respectively. This implies that a greater 

majority of the respondents are prepared and/or keen to adopt EbA practices in 

agriculture. Also, the "match box in a gas station" indication from these results mean that 

the study area may be a good starting location for implementing EbA projects that wi II 

serve as a reference point to other communities within the district, region and beyond. 

This is shown in Table II below. In a male focus group discussion at Wulling community, 

a respondent stated that: 

" ..... We are all ready to implement only EbA practices at any point in time because l1;e 

know the potentials of these practices both in the short and long lerm .... , we cannot do 

this only either ... , if MoFA and the NGOs we get the needed technical andfinancial 

support it will help us a lot ... " (Male FGD, Wulling, March, 2016). 
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Table 11: Respondents' Preparedness to Adopt EbA Practices in Agriculture 

Frequency Percentages (%) 

Strongly Agree 

Slightly Agree 

Slightly Disagree 

Total 

112 

82 

41 

235 

48 

35 

17 

100 

Source: Field Survey, (2016). 
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4.3.7 Ecosystem-Based Adaptation (EbA) Practices Implemented by Smallholder 
Farmers. 

The data obtained from the study revealed that, smallholder farmers adopted several EbA 

practices. Some of these include; sand/stone bunds (69%), composting (91 %). crop 

rotation (96%), mixed cropping (23%), mixed farming (52%). fallowing (10%), mulching 

(10%), cover cropping (10%) and tree planting (5%) representing 163, 215, 226, 55. 123, 

60,24,23 and 12 respondents respectively (See Appendix 2). The various percentages for 

each of the practices mean that some of the respondents who selected composting also 

selected some other practices. This signifies that large proportions of smallholder farmers 

are already implementing EbA practices which could be attributed to their generational 

experiences or indigenous knowledge. This confirms the views of researchers (Stanturf et 

al., 2011; Roge et al., 2014; Vignola et al., 2015; Lukasiewicz et al., 2015) who stated 

that smallholder farmers, often use local climate knowledge for decision-making, are 

already implementing these practices. Figure 11 below depicts the above results. A 

respondent during a female focus group discussion at Tuggo community disclosed that: 

..... we adopt different types of EbA practices as far as our survival is concerned , 

through the knowledge we acquired from our forefathers and MoF A, we have been 

implementing practices like crop rotation, mixed farming, composting, mixed cropping, 

free planting, mulching etc .... , on our farmlands ..... 

(Female FGD, Tuggo, March 2016). 

Again, in a key-informant interview at MoF A (Jirapa District), a respondent revealed that: 

" ... Farmers in the District have been employing numerous EbA practices that are very 

convenient and appropriate for adapting to the negative climatic conditions they face each 
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year ... , they massively adopt crop rotation, mixed cropping, mixed farming and bit of 

cover cropping plants like 'makuuna ' ,. (KII, MoF A, JOA, March 2016). 

Figure 11: EbA Practices Implemented by Smallholder Farmers 
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Source: Field Survey, (2016). 

4.3.8 Reasons for Smallholder Farmers' choice ofEbA Practices in Agriculture 

Concerning the motives behind the decisions of smallholder farmers to implement EbA 

practices, 171 ticked cost-effective, 200 picked increases food production, 68 chose 

accessibility, 122 indicated culture, 29 picked availability of raw materials and 95 selected 

environmentally friendly representing 73%, 85%, 29%, 52%, 12% and 40%. The results 

therefore imply that smallholder farmers adopt EbA measures for several reasons which 

can be categorized as environmental, economic and socio-cultural. Figure 14 below 
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depicts the reasons for choosing EbA practices in agriculture. During a male focus group 

discussion at Konzokala community, a respondent said: 

"We use EbA practices because they are less costly, easily accessible, increase our crop 

yield and sustains our lands' productive capabilitiesfor a longer time ... , and we always 

pray that God will help us so that climate change does not prevent us getting food to feed 

our families ... , " 

(Male FGD, Konzokala, March, 2016). 

Figure 12: Respondents' Reasons for Choosing EbA Practices in Agriculture 
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Source: Field Survey, (2016). 

4.3.9 Role of EbA Practices on Smallholder Farmers' Crop Yield 

On the question of whether or not EbA practices playa major role on smallholder farmers' 

output, 83% of the respondents picked "Yes" whilst 17% selected "No", representing 194 

and 41 respondents respectively. The implication is that, EbA practices may contribute 

> • 
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significantly to their farm yields of the smallholder farmers. Though they may get some 

food through these practices, it mayor may not bridge the food gap and ensure food 

security of households, since the lands cultivated by fanners were small. less than two 

acres. This is consistent with Harvey et aI., (2014) study, which revealed that fanners 

utilized very small plots of land which they used for crop production for household 

consumption but the yields obtained from the harvest were low to meet household food 

needs. This is presented in Table 12 below. Hence their willingness to adapt some EbA 

practices to overcome the environmental threats like climate change destroying their main 

livelihood activities. Also, during a female focus group discussion at Wulling community 

a discussant indicated that: 

"When the rains are not coming frequently as they should and the lands are so dried, we 

always fry to mix the crops .... , we also make less or no mounts or beds so that the crops 

get the little water to grow, if not we will not get something to eat. More variable rains 

and high temperatures are a big problem/or us here" 

(Female FGD, Wulling, March, 2016). 

Table 12: Role ofEbA Practices on Smallholder Farmers' Crop Yield 

Frequency Percentages (%) 

Yes 194 83 

No 41 17 

Totals 235 100 

Source: Field Survey (2016) 
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4.4 Challenges of Ecosystem-Based Adaptation (EbA) Practices for Smallholder 
Farmer 

4.4.1 Smallholder Farmer's Constraints in Crop Production 

From the general perspective, smallholder farmers were asked to identify the problems 

they face in crop production. The results revealed that, 14 respondents selected "Erosion", 

23 respondents chose "Diseases and Pests" and 89 respondents picked "Poor Rainfall" 

representing 16%, 26%, and 99% respectively. Furthermore, 83 respondents indicated 

"Infertile Soils", whiles 10 chose "Theft", and 16 selected Lack of Farm Inputs 

representing 93%, 11 % and 17% in that order. These results reveal that smallholder 

farmers are still been hunted by several problems thereby posing a serious threat to their 

livelihoods and adaptive capacity to the effects of climate change. This is illustrated in 

Figure 13 below. In a female focus group discussion at Konzokala, a participant disclosed 

that; 

" ..... we get just a little or nothing from our farmlands, though we invest a lot efforts in our 

crop production .... , the soil are bad, rainfall is vefY low and irregular thereby causing 

intermittent droughts. Heavy rainfalls sometimes also wash away our manure and when it 

lime for harvesting thieves will come for their share first before we can get some to eat ... " 

(Female FGD, Konzokala, March, 2016) 

Figure 13: Smallholder Farmers' Constraints in Crop Production 
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4.4.2 Challenges Related to the Implementation of EbA Practices by Smallholder 
Farmers. 

With regards to some of the problems linked to the implementation of EbA practices in 

the study area, six challenges were of greater concern to the respondents. They included 

inadequate labour (89%), lack of information (44%), lack of finance (93%), degraded 

ecosystems (68%), lack of raw materials (33%) and limited or inexistent technical 

assistance (62%). This implies that smallholder farmers' EbA practices are challenged by 

many shortcomings. Considering the high percentages attached to most of these 

challenges implies that smallholder farmers' implementation of EbA practices may not be 

very effective in meeting their needs such as food security, social or economic needs. 

Hence, their livelihoods are and/or may be at a risk, if the problems persists, in the 

presence of these adverse climatic trends. Hence, there is plenty of work to be done to 

concerning the fate of the smallholder farmer. These results are consistent with the 

assertion that EbA practices already well known and have been proven to help smallholder 

farmers adapt to climate change, nonetheless current financial, political and technical 

constraints limit a more widespread adoption of these practices among smallholder 

farmers (Vignola et al., 2015). Figure 14 below depicts the six main challenges associated 

with the implementation of EbA practices in the study area. In a male focus group 

discussion at Konzokala, a participant stated that; 

" Most of us we do not have enough money andfood to support ourfamilies , it is 

difficultfor us to get the needed support like finance (money) and labour .... , We have just 

one extension officer, offering us help, who is not even accessible to majority of us. We 

are also constrained by low rainfalls, infertile lands ..... ,. 

(Male FGD, Konzokala, March, 2016) 
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Figure 14: Challenges Associated With Implementation of EbA Practices 
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4.4.2.1 Challenges of Composting for Smallholder Farmers 

As illustrated in Figure 15 below, out of 235 respondents interviewed, most of the 

respondents (195) representing 83% selected lack of clear understanding. Next to that is 

the lack of finance with 191 respondents representing 81 %. Also, 119 respondents 

indicated lack of information, III picked inadequate labour, and 115 chose Lack of raw 

materials representing 51%, 47% and 49% respectively. The results imply that there 

smallholder farmers are still in dying need of assistance or support to aid alleviate some of 

these challenges in the face of the unfriendly impacts of climate change. Besides, there is 

a huge lunderstanding or information gap and limited access to financial resources by 

smallholder farmers usually impedes adaptation efforts. This is similar to the view of the 

World Bank (201 Ob) that although the importance of EbA is being increasingly recognized, 

robust information on specific benefits of EbA and the conditions under which those benefits 
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are likely to be received is generally lacking. Also, this finding is consistent with opinion of a 

key-informant at Tuggo community who said this: 

" .... my good brother, I have been using compost throughout my life just like most of my 

colleague farmers, but the problem is that we don't have enough money, labour, raw 

materials and some other things to help us effectively implement this practice to increase 

our yields ... , so our only hope is to pray to God for things to get betterfor us ..... ". 

Figure 15: Challenges of Composting for Smallholder Farmers 

(KIl, Tuggo, March, 2016). 
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Source: Field Survey, (2016). 

4.4.2.2 Challenges of Crop Rotation for Smallholder Farmers 

From Figure 16 below, a greater majority of the 235 respondents, 186 (79%) respondents, 

selected "lack of finance" as the main constraint to implementing crop rotation. Following 

closely to that is "lack of information" with 177 (75%) respondents. Inadequate labour had 

140 (60%) respondents whiles trade-offs, lack of a clear understanding, 

ignorance/illiteracy and lack of raw materials had 103 (44%), 127 (54%), 5 (2%), 72 
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rotation by smallholder farmers is not only constraint by one problem but several 

(31 %), respondents respectively. The implication is that the implementation of crop 

challenges which impede their adaptive capacity. This confirms the statement that 

multiple constraints can significantly reduce the range of adaptation options and 

opportunities available to actors and therefore may pose fundamental limits to adaptation 

and/or drive actors toward responses that may be maladaptive (Barnett and O'Neill, 20 10; 

Eriksen et al., 2011). [n a male focus group discussion at Wulling, a discussant revealed 

that; 

" ..... We usually grow groundnuts, maize, sorghum, and millet among others. But because 

of the lack of money, labour and information or a clear understanding, we have been 

finding it very difficult to rotate our crops well ... , even when we are able to rotate these 

crops in the right ways and the rains don't come well it mostly leads to low yields, income 

and eventually shortage offood in our homes ..... , this pushes some of us down south in 

search ofjobs to sustain our wives and children ... " 

(Male FGD, Wulling, March, 2016) 

Figure 16: Challenges of Crop Rotation for Smallholder Farmers 
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4.4.2.3 Ch allenges of Mixed Farming for Smallholder Farmers 

With regards to the main challenges associated with the implementation of mixed farming 

by smallholder famers (235), 92 respondents stated lack of finance as their biggest 

challenge, with 74 declaring that it was trade-offs, whiles 64 indicated inadequate labour 

representing 39%, 31 % and 27% respectively. Only 49, 14 cited lack of information lack 

of a clear understanding and ignorance and illiteracy representing 21 %. and 6% 

respectively. These results clearly indicate that smallholder farmers in the study area have 

limited access to financial resources, labour, essential information and among others 

which may limit the capacity of the smallholder farmer in meeting his food obligations 

and adapting to the adverse impacts of climate change. This is seen on Figure 17 below. 

This is consistent with the findings that farming communities in Africa have identified 

finance as a key determinant of vulnerability and adaptive capacity of farmers to climate 

variability and change (Nhemachena and Hassan, 2007; Hassan and Nhemachena, 2008; 

Deressa et al., 2009, 2011). Similarly, in a female focus group discussion at Tuggo 

community, a respondent disclosed that; 

....... access to money, labour and information are very big problems here .... we cannot 

easily take care of our animals and grow our crops at the same time ... , so we sometimes have 

to forego more, or all of one for the other to do well .. , even the few animals we manage to take 

care of are being stolen causing us a lot of sufferings ... , now if we don " have any money and 

enough people to help us farm how will we be able to adapt to anything at all..? If }ve want to 

burrow, who can we go and borrow money from? And how will we pay it back. ... ? ,. 

(Female FGD, Tuggo, March, 2016) 
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Figure 17: Challenges of Mixed Farming for Smallholder Farmers 
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4.4.2.4 Challenges of Stone/Sand Bunds for Smallholder Farmers 

In relation to the problems associated with the implementation of sand/stone bunds by the 

sample population, 107 respondents picked lack of information, 123 selected inadequate 

labour, 62 chose ignorance and illiteracy whereas 79 selected lack of clear understanding 

representing 46%, 52% 26%, and 34% respectively. This evidently shows that 

smallholder farmers in the study area have limited access to financial resources, labour, 

essential information which may be attributed to their low levels of education, frequent 

migration and inadequate technical assistance form MoF A and other governmental or non- 

governmental organizations. This may therefore have some negative impacts on their 

ability to adapt to climate change. This is shown on Figure 18 below. This supports the 

argument of IPCC, (2014a) that, there are trade-offs relating to land use and the 

availability of space for people and social, economic, and environmental activities. Also 

the results are related to the views of Vignola et al., (2015) who indicated that, several of 
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the EbA practices are already well known and have been proven to help smallholder 

farmers adapt to climate change, but current financial, political and technical constraints 

limit a more widespread adoption of these practices among smallholder farmers. In 

addition to the above, a discussant disclosed in a male focus group discussion at 

Konzokala community that; 

" ... my son, most of us here are not getting younger any more, picking and arranging these 

stones as well as making the mounts is not an easy thing at all ... , It requires a lot of 

energy and people but we don't have enough people to help to do it .... , this makes it ve,y 

hardfor us tofarm on these sloppy lands because oferosion ..... , some of us too have never 

been to school making it difficult to get certain vital information on our own. ... " 

(Male FGD, Konzokala, March, 2016) 

Figure 18: Challenges of Stone/Sand Bunds for Smallholder Farmers 
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4.5 Prospects of EbA Practices for Smallholder Farmers 

Table 13: Prospects of EbA Practices for Smallholder Farmers 

Prospects of EbA Practices Frequency Percentages Ranks 
(%) 

Increases food security 223 95 15t 

Diversifies sources of income generation 99 42 6th 

Improves water infiltration 19 8 9th 

Enhances resilience against erosion 165 70 4th 

Cost -effecti ve 166 71 3rd 

Safeguards livelihoods 93 40 ih 

Improves soil fertility 199 85 2nd 

Decreased use of chemical 85 36 s" 
fertilizers/pesticides 

Carbon sequestration 2 1 I th 

Utilizes traditional knowledge 121 51 s" 
Opportunity for tourism 5 2 loth 

Source: Field Survey, (2016). 

The multiple-response results in Table 13 above show there are many potentials of EbA 

practices for smallholder farmers. In taking a critical look at the table above, you will 

notice that there are basically five main benefits of EbA practices, based on individual 

frequencies, which included, inter alia, increases food security (95%), improves soil 

fertility (85%), cost-effective (71 %), enhance resilience against erosion (70%) and utilizes 

traditional knowledge (51 %). This implies that EbA practices have the potential to provide 

numerous benefits, economic, social and environmental, besides adaptation to climate 
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change. This confirms the works of some authors (Colis. et al.. 2009: Jones et al.. 2012) 

who argued that EbA approaches provide flexible, cost-effective and broadly applicable 

alternatives for reducing vulnerability to both climate and non-climate risks and 

overcormng many drawbacks of hard-engineered whiles providing multiple econorruc, 

social, environmental and cultural benefits. In relation to the prospects of EbA practices, a 

key-informant at MoF A, lirapa District, explained that; 

...... There are numerous benefits you can think of as far as EbA practices are concerned. 

For example, these practices are ensuringfood security, diversifying income sources, 

improving water infiltration, controlling soil erosion, less costly, improving soil fertility, 

and among others , in fact, these practices to me will help our disadvantage farmers at 

the communities if the necessary measures are put in place by the farmers themselves and 

the external actors like DAs, NGOs ..... , " 

(KII, MoF A, lOA, March, 2016). 

4.5.1 Prospects of Composting for Smallholder Farmers 

As illustrated in Figure 19 below, based on the multiple responses of the 235 respondents 

interviewed, most of the respondents (205) representing 87% selected cost effective. Next 

to that, it improves soil fertility with 199 respondents representing 85%. Also, 172 picked 

increases crop yield, 126 increases food security, 99 chose based on local inputs, 97 noted 

enhances water infiltration and 10 chose utilizes indigenous knowledge representing 73%, 

54%, 42%, 41 % and 4% respectively. The results imply that compost can form a very 

important part of the smallholder farmers' adaptation strategies in reducing their 

vulnerability to climatic and non-climatic stressors mainly because it's cost-effective and 

improves soil fertility which may help future food security. This supports the views of 
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Munang et al., (2013b) and that; EbA practices can provide flexible, cost effective and 

broadly applicable alternatives for reducing the impacts of climate change and as such are 

a critical tool at adaptation planners disposal for tackling the threats that climate change 

poses to people's lives and livelihoods across the globe. Similarly, the EC, (2013) 

established that EbA projects are cost-effective, broadly applicable, and their spread 

would help reduce the occurrence of food crises and face the multiple challenges of 

climate change. Also, in a male focus group discussion at Wulling community, a 

respondent revealed that; 

" ..... as for compost, our forefathers have used it and we have also been using it because 

of the so many good things it can do to our lives andfarmlands .. , it increases soil 

nutrients, crop yields and eventually reduces our food insecurity situation ..... , the compost 

is cheaper, we use our own materials to prepare it and can, most times, stay longer in our 

farmlands than the fertilizer ... " 

(Male FGD, Wulling, March, 2016) 

Figure 19: Prospects of Composting for Smallholder Farmers 
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4.5.2 Prospects of Crop Rotation for Smallholder Farmers 

Based on the multiple responses of the 235 respondents interviewed. a greater majority of 

the respondents 206 (88%) and 201 (86%) selected increases crop yields and Improves 

soil fertility as the main benefits derived from implementing crop rotation. 

Increases/diversifies income sources had 149 (63%) respondents whiles increases food 

security, utilises indigenous knowledge, based on local inputs and cost-effective had 129 

(55%), 113 (48%), 35 (15%) and 83 (35%) respondents respectively. The implication is 

that smallholder farmers are knowledgeable of the numerous potentials of crop rotation as 

an EbA practice and may continue to practice this because it can help safeguard their 

environments and farming activities by increasing crop yield due to improved soil 

structure and fertility. This is shown in Figure 20 below. This is consistent view the 

statement that, the use of EbA practices (eg., mixed cropping, crop rotation, etc.) can help 

diversify production systems and sources of income generation, thereby providing more 

stability to smallholder farmers (Munang et al., 2014). Similarly, in a female focus group 

discussion at Tuggo community, a respondent stated that; 
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" changing the plots for growing our crops each year has been very useful to all of 

us , it has help to improve our soil quality, food production and reduce hunger ... 

farming in this way is far less costly and cheaper since we don't need much fertilizer or 

pesticides for our crops to grow well .... , we inherited this knowledge from the 

grandparents and we are very grateful to them for teaching us great farming practices 

this ... " 

(Female FGD, Tuggo, March, 2016) 
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Figure 20: Prospects of Crop Rotation for Smallholder Farmers 
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Source: Field Survey, (2016) 

4.5.3 Prospects of Mixed Farming for Smallholder Farmers 

With regards to the benefits associated with the implementation of mixed farming per 

smallholder famers' responses (538), Increases/Diversifies Income Sources was ranked 15t 

as the main benefits. Improves Soil Fertility and Increases Crop Yield were ranked 2nd and 

3rd respectively whiles Cost-Effective (4th) Increases Food Security (5th), Conserves, 

Restores and Manages Biodiversity and Ecosystem Services (6th) and Utilises Of 

Indigenous Knowledge (ih) were all ranked in that order. This is seen on table 14 below. 

This means that smallholder farmers are already implementing EbA practices in their 

agricultural systems and landscapes which may help them adapt to climate change by 

providing both farm level and landscape level benefits. This is in conformity with the 

statement that, several smallholder farmers are already applying agricultural practices that 

sustain complex agrobiodiversity and cope with climate change and provide more stability 

to them through diversification of production systems and sources of income generation 
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(Lin, 2007; Altieri and Koohafkan, 2008; Munang et al.. 2014). During a male focus 

group discussion at Konzokala community, a respondent said that: 

.. We rear animals, which we usually sell for money. It is this money. from the sales of 

these animals, which helps me La buy some food stuff such as maize. millet and ingredienLs 

from the market to preparefoodfor the family. The droppings ofour animals are also use 

for as manure on our farms which helps a 10L in improving the soil quality and our crop 

yields ..... " 

(Male FGD, Konzokala, March 2016). 

Table 14: Prospects of Mixed Farming for Smallholder Farmers 

Prospects Frequency Percentages Ranks 

(Responses) (%) 

Increases Food Security 48 20 5th 

Increases/Diversifies Income Sources 197 84 1st 

Increases Crop Yield 77 33 3rd 

Improves Soil Fertility 90 38 2nd 

Conservation, Restoration And 37 16 6th 
Management Of Biodiversity And 
Ecosystem Services 
Cost-Effective 63 27 4th 

Utilises Of Indigenous Knowledge 26 II ih 

Source: Field survey (2016) 

4.5.4 Prospects of Stone/Sand Bunds for Smallholder Farmers 

In relation to the prospects associated with the implementation of sand/stone bunds by the 

sample population, 210 respondents picked cost effective, 165 indicated increases/ 

diversifies income sources, 137 noted based on local inputs, 88 selected improves soil 

fertility, 49 chose maintains soil moisture, whiles 39 nominated increases food security 

and 25 utilises indigenous knowledge lack representing 89%,70% 58%,37%,21%, 17% 

and II % respectively. This is shown on Figure 21 below. These results imply two things: 
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firstly the practice can provide agronomic, economic and environmental benefits for 

smallholder farmers; and secondly sand/stone bunds may continue to be an integral part of 

the smallholder farmers' adaptation strategies in reducing their vulnerability to climatic 

and non-climatic stressors mainly because it's cost-effective and improves soil fertility 

which may help ensure future food security. This supports the views of Munang et al., 

(20 13b) and that; EbA practices can provide flexible, cost effective and broadly 

applicable alternatives for reducing the impacts of climate change and as such are a 

critical tool at adaptation planners disposal for tackling the threats that climate change 

poses to people's lives and livelihoods across the globe. During a male focus group 

discussion at Konzokala community, a respondent disclosed that: 

" ..... the sand/stone bunds we have been practicing on our farms for many have really 

helped us a lot .... , they are velY good in controlling soil erosion and maintaining soil 

moisture content. We use the stones right from our farms .. , it is much cheaper to practice 

in terms of money involved, it helps increase food production ... , and we sell the stones in 

times of food crises for money which we use to buy some food stuff. ... " 

(Male FGD, Konzokala, March 2016). 

Figure 21: Prospects of Stone/Sand Bunds for Smallholder Farmers 
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Category Frequency Percentage of Respondents 

2> .•...• Totals 2> Totals 
2> u 2> U 
Q) Q) ell Q) Q) ell (%) ;> ;> 0- ;> ,-.. ;> ,-.. 0- ,-.. 

.•...• .;: E .;: ~ .;: ~ E ~ til e ell e e 
til eo til '-' OIl '-' '-' 0 Q) 0 0 Q) 0 
0... ;z: ;z: 0... ;z: ;z: 

Environmental 183 39 13 235 77 17 6 100 

Economic 231 4 235 98 2 100 

Socio-cultural 88 9 38 235 37 4 59 100 

Source: Field Survey, (2016). 
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4.5.5 Socio-Cultural, Environmental and Economic Impacts of EbA Practices on 
Smallholder Farmers 

83% of respondents cited 'Yes that EbA practices can provide socio-cultural, economic 

and environmental benefits whereas 17% indicated 'No'. This is seen in the Table 15b 

below. On the part of the environmental impacts; 77% of the respondents stated positive 

impacts, 17% said negative impacts and 6% cited no impacts. Also. in relation to the 

economic impacts, a huge majority (98%) mentioned positive impacts whiles the 

remaining 2% said negative impacts. However, with regards to the socio-cultural impacts. 

there was a sharp contrast as majority (59%) of the smallholder farmers declared no 

impact, 39% allude to positive impacts and 4% chose negative impacts. Table 15a depicts 

the above data. These results imply that, EbA practices contribute positively/greatly to 

smallholder farmers' livelihood, by providing economic, social, cultural and 

environmental benefits. This confirms the argument that EbA strategies provide multiple 

economic, social, environmental and cultural co-benefits in both marketable and non- 

marketable ecosystem goods and services (Colis et al., 2009; World Bank, 2009). 

Table 15a: Socio-Cultural, Environmental and Economic Impacts of EbA Practices 
on Smallholder Farmers 

www.udsspace.uds.edu.gh 

 

 

 

 



127 

Table 1Sb: Socio-Cultural, Economic and Environmental Prospects of EbA Practices 

Frequency Percentages (%) 

Yes 195 83 

No 40 17 

Totals 235 100 

Source: Field Survey, (2016) 

4.6 Potential Institutions/Stakeholders that Could Support the Adoption and/or 
Implementation of EbA Practices. 

4.6.1 Importance ofInvolving Different Stakeholders/Institutions in the adoption 
and/or implementation of EbA Practices. 

In relation to the significance of participation of different stakeholders, 62% (145) of the 

respondents strongly agreed with the statement, 24% (56) saying they slightly agreed 

know, whilst the remaining 14% (34) slightly disagreed. This shown in Figure 22 below. 

This implies that, the involvement of multiple stakeholders with different functions and 

tasks is critical to the successful implementation of EbA practice because ecosystems 

typically support diverse sectors and different social groups in multiple ways. This finding 

agrees with views some authors (Anguelovski and Carmin, 20 II; Carmin et aI., 2012) 

who disclosed that stakeholders or institutions are in a pivotal position to promote 

widespread support for adaptation initiatives, foster intergovernmental coordination, and 

facilitate implementation, both directly and through mainstreaming into ongoing planning 

and work activities. Also, this was consistent with the views of some key informants at 

MoFA and EPA. For instance during a key informant interview at J irapa District 

Assembly (JDA) MoF A office, a respondent revealed that: 
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H •••• At the community level, both internal actors/stakeholders (e.g., smallholder farmers, 

chiefs. Schools, FBOs etc .... ,J and external actors (e.g., AEA, Mass media. NGOs etc .. .) 

are very crucial stakeholders to for the successful implementation or adoption of EbA 

practices .... , especially the smallholder farmers who are not only the main implementers 

but also direct beneficiaries of the potential multiple positive outcomes '" ... " 

(KII, MoFA, lOA, March, 2016). 

Also, a key-informant at the Upper West regional Office revealed that; 

" ... from where I sit as a protector of the environment, I vehemently agree and support the 

idea of a perpetual collaboration of multiple stakeholders/institutions since it can serve as 

a solid foundation towards ensuring a sustainable and effective implementation of EbA 

practices in Ghana and anywhere in the globe ..... " 

(KlI, EPA-UWR, March, 2016). 

Figure 22: Relevance of Involving Different Stakeholders and Institutions 
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4.6.2 Stakeholders at the Local/Community Level that Could Ensure a Successful 
Implementation of EbA Practices 

As shown in Figure 23 below regarding the different stakeholders at the community level 

that could support the smallholder farmers' adoption or implementation of EbA practices. 

a vast majority of the respondents supported the AEAs (Agriculture Extension Agents. 

192) and Smallholder Farmers (187) representing 82% and 80% respectively. 67% stated 

NGOs, 54% said mass media, with 47% chose FBOs, whiles 45% indicated representing 

158, 121, 126 and 110 respondents in that order. Only 105, 84 and 36 respondents cited 

agriculture-based businesses, chiefs and others expressing 45%, 36% and 16% 

respectively. This implies that, the community-based institutions/stakeholders can have a 

very significant role in determining a widespread adoption of EbA practices that would 

directly or indirect affect individual and/or communal actions, be it food production or 

adaption to climate change. This supports the argument that, local governments and 

community institutions influence the distribution of climate risks, mediate between levels 

of government as well as between social and political processes, and establish incentive 

structures that affect both individual and collective action at all levels (Agrawal and 

Perrin, 2008). In addition, during a key-informant interview with an ACDEP officer. the 

respondent said that; 

" ..... the smallholder farmer is the most important person in the community at the farm 

level, therefore it wi!! be practically impossible for us (ACDEP) to get our ideas or plans 

executed ifwe exclude them in activities that will definitely affect them in one way or the 

other ... " 

(KII, ACDEP, March, 2016). 
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Figure 23: Stakeholders at the Local/Community Level that could ensure a 
Successful Implementation of EbA Practices 
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4.6.3 Non-Agricultural Institutions/Stakeholders Crucial to Smallholder Farmers' 
Adoption of EbA Practices 

From Table 16 below, Ministry of Education had the highest percentage of responses 

(20.4%) that believed education in general was key to a successful implementation. Close 

to that was the Meteorological Station with 18.9%, whiles some of the respondents also 

mentioned MESTI, FC, EPA, NOPC, IC and MoFEP representing 17.2%, 16.1%,10.2%, 

7.3%, 5.3% and 4.6% In that order. The acknowledgement of these 

institutions/stakeholders means that smallholder farmers appreciate the indirect role of 

these institutions in advancing adaptation and enhancing the adaptive capacity and 

resilience of diverse stakeholder groups as far as a large scale adoption of EbA practices is 

concerned. In a key-informant interview at the Forestry Commission (FC) in Wa, a 

respondent unveiled that: 
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" ..... in fact, the exclusion of some stakeholders or institutions either due 10 ignorance or 

because they do not playa direct role in the implementation of agriculture or climate 

change related issues, ideas or projects is the reason why these projects or ideas are not 

sustainable over a long period of lime. II is therefore imperative we started considering 

and involving these indirect stakeholders/institutions at the various levels of decision- 

making .... " 

(KIl, FC-Wa, March 2016). 

Table 16: Non-Agricultural Institutions/Stakeholders Crucial to Smallholder 
Farmers' Adoption ofEbA Practices 

Institutions Frequency Percentages 

Min istry of Education 

40 

63 

149 

176 

46 

139 

163 

88 

17 

27 

63 

75 

20 

59 

69 

37 

MoFEP 

NOPC 

MoESTI 

Insurance Companies 

Forestry Commission 
- 

Meteorological Stations 

EPA 

Source: Field Survey, (2016) 

4.6.4 Agriculture-based Institutions/Stakeholders Crucial to Smallholder Farmers' 
Adoption of EbA Practices 

With regards to some of the agriculture-based stakeholders/stakeholders are could assist in 

the implementation of EbA by smallholder famers in the district, a greater number of 

respondents (220) stated MoFA expressing 94%. Closely following that is 197 and 188 

respondents who cited ADB and NGOs representing 84% and 80% respectively. Also, 123 

believed FBOs, whiles 113 indicated representing 52% and 48% correspondingly. See 

Figure 24 below. The results above signify two important things. First, the fact that 
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majority of smallholder famers are already previewed to the role played by the 

agriculture-based stakeholders/institutions towards sustainable agriculture in the study 

area. Second, the fact that collaboration is among these institutions or stakeholders is far 

more critical or crucial for the successful implementation of any development related 

ideas or projects in the agriculture sector or any other sectors. This was confirmed in a 

key-informant interview at the MoF A office in Jirapa where a respondent disclosed that: 

" ... MoFA, NGOs, CSIR, and among others all have a big part to playas far we continue 

to remains as stakeholders/institutions who have direct interests in the welfare of 

agriculture and/or the smallholder farmer ... , there is an urgent need, for us all as 

stakeholders, to recognize that the attainment of the overall goal of an efficient, 

productive and sustainable agriculture can only be made possible ifwe work together 

towards this common goal .... " 

(KII, MoFA, JOA, April 2016). 

Figure 24: Agriculture-based Institutions/Stakeholders Crucial to Smallholder 
Farmers' Adoption ofEbA Practices 

100 
[f) 
c..r..J 90 
[f) 

z 80 0 c, 
70 [f) - 

c..r..J 
e:::: 60 
t:.l-~ 
o~ 50 w ,_, 
<.J 40 < 

o~ 30 
c..:.J 20 u 
e:::: 

10 ~ c, 
0 

MoFA ADB 

Source: Field Survey, (2016). 

NGOs (GOs FBOs 
__ I 

132 

www.udsspace.uds.edu.gh 

 

 

 

 



133 

4.6.5 Some Supportive Incentives and/or Indicators of an Enabling Environment. 

When asked about some of the supportive incentives and/or indications of an enabling 

environment for the implementation of EbA practices, about 78% of the respondents 

indicated microcredit availability, 80% said market for produce, 59% picked appropriate 

extension and information, and whiles 53% selected supportive incentives with only 21 % 

supporting insurance companies. See Figure 25 for a quick visual impression. This 

signifies that most smallholder farmers, recognized the need for supportive incentives or 

an enabling environment to facilitate the mass implementation of EbA practices in the 

district. The implication is that supportive incentives may be needed or required to mold a 

solid foundation that will facilitate a mass adoption of EbA practices in the district. This 

finding confirms the perspectives of some authors (Smit and Skinner, 2002; Howden et 

al., 2007) who stated that developing new technologies like satellite-based early warning 

systems; assisting farmers in accessing credit, capital and risk-insurance; and facilitating 

government support in terms of subsidies, insurance, technical assistance are four key 

things that can boost the capacity of smallholder farmers to manage climate-related risks. 

In a key-informant interview at MoFA a respondent indicated that; 

" ..... availability and access to ready markets and financial institutions like the 

agricultural bank, village/community savings and loans facilities, insurance companies 

and robust farmer groups, are key players or incentives that could promote or enable a 

massive adoption of EbA practices in the district and the region as a whole .... , our 

farmers also need markets to sell their produce, improved seeds, enough extension 

services and credit facilities to aid themfully embrace EbA practices asfar their survival 
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in these bad times of unpredictable rainfalls and very poor yields persist ... " (KIl, MoFA, 

JOA, March 2016). 

Figure 25: Supportive Incentives and/or Indicators of an Enabling Environment 
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Source: Field Survey, (2016). 

4.6.6 Barriers that May Exist or Arise in the Future to Hinder 
Stakeholders/Institutions Adoption of EbA Practices. 

As illustrated in Figure 26 below, out of 235 respondents interviewed, most of them (205) 

representing 87% selected lack of political support. Next to that is lack/inadequate 

financial power with 194 respondents representing 83%. Also, 131 indicated lack of 

stakeholder participation, 135 cited lack of information, and 20 chose cultural systems 

representing 56%, 57% and 9% respectively. These results indicate that some obstacles 

exist or may arise in the future to thwart stakeholders' adaptation efforts to climate change 

and EbA practices. This therefore implies that if the necessary measures are not put into 

place to overcome these barriers that may already exist or arise in the future, it may be 

very difficult for the various stakeholders or institutions to successfully adopt or 
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implement these EbA practices. This finding agrees with the views of Munang et al., 

(2014) who indicated that the key barriers restraining the implementation EbA is lack of 

information, lack of financial resources and institutional resistance. They further explained 

that, with most development projects, the success of EbA depends largely on involving the 

local community in the planning and implementation process, while bearing in mind the 

87 

. . 
overall political context and any present land use conflicts. Similarly, Reid et al., (2012) 

posited that climate change policy and strategy development have been undertaken at the 

national level without engagement of vulnerable people and communities. In line with 

this, a participant in a male focus group discussion at Tuggo community indicated that; 

"In this place, my brothers and I do not get any help from government to help us manage 

our farming problems. We have no money to farm large acres to feed our families 

throughout the year. So some of us go down south to get small jobs to earn some money to 

feed our wives and children" 

(Male FG D, Tuggo, March, 2016). 

Figure 26: Barriers that may exist or Arise in the Future to Hinder Implementation 
of EbA Practices. 
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4.6.7 Possible Solutions to the Barriers Hindering Institutions/Stakeholders' 
Adoption of EbA Practices 

In view of addressing some of the numerous barriers, about 79% of the respondents 

indicated awareness creation, 87% said vibrant source of funding, 61 % picked stakeholder 

participation in decision-making, and whiles 56% selected demonstration of EbA results 

representing 186, 204, 144 and 132 respectively. See. Figure 30 for a quick visual 

impression. This implies that when the necessary structures are put into place, the 

adoption and implementation of EbA practices by the different stakeholders/institutions 

may be faster, easier and more effective. Regarding the possible solutions to the barriers 

hindering the implementation of EbA practices, a key-informant, at EPA office in Wa 

stated that; 

" ..... an integration of modern and indigenous knowledge, education or awareness 

campaigns, financial support and participation of key stakeholders in key decisions are 

critical for the large scale adoption or implementation of EbA practices by the various 

stakeholders or institutions ... " 

(KII, EPA-Wa, February, 20(6). 

Figure 27: Possible Solutions to the Barriers Impeding the Adoption ofEbA 
Practices 
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CHAPTER FIVE 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

5.1 Introduction 

This chapter is sorted into three sections. The first section presents the summary of the 

study, the next section embodies the findings from the study whiles the final section looks 

at some fundamental recommendations to the key issues revealed in the study. 

5.2 Summary 

The study was carried out to determine the challenges and prospects of EbA practices for 

smallholder farmers in the Jirapa District. Based on the set objectives, the study designed 

an interview guide and FGD guide for key-informants and smallholder famers 

respectively. Also two different set of questionnaires, one each, for smallholder farmers 

and institutional heads and a checklist for observation purposes. Altogether, the sample 

population was made up of two hundred and thirty five (235) respondents from a 

population of five hundred and sixty nine (569) smallholder famers. The study employed 

both systematic and purposive sampling procedures. Frequency distribution, simple 

percentages, tables, and figures were methods used for the presentation and/or 

interpretation of the data. The descriptive statistics component of SPSS software was also 

employed for analysis of the data collected. To give a clearer understanding of EbA 

practices, varied perspectives of EbA practices, the challenges and prospects as well as the 

institutions or stakeholders that could support the implementation and/or adoption of EbA 

practices were analyzed. 
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5.3 Summary of Findings 

The findings of the study have been categorised into major and minor findings. The major 

findings are based directly the stated objectives of the study whiles the minor findings are 

additional findings. indirectly linked to the objectives, which were obtained in the study. 
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5.3.1 Major Findings 

First and foremost, the study revealed that smallholder farmers adopt both EbA practices 

and hard-engineered practices but they adopted more or gave much preference to EbA 

practices. 

The study discovered that smallholder farmers' EbA practices are confronted by several 

limitations that could pose a serious threat to their livelihoods and adaptive capacity to the 

effects of climate change. 

Furthermore, the study unveiled EbA practices in agriculture have the potential to provide 

numerous benefits, economic, social, environmental and cultural, besides adaptation to 

climate change. 

Additionally, the study revealed that smallholder farmers adopt EbA practices In 

agriculture for multiple reasons such as environmental, economic and socio-cultural 

reasons. Some of these reasons included cost-effectiveness, increase in food production, 

cultural purposes, availability of raw materials, accessibility and environmentally 

friendliness. 

Moreover, majority of the respondents in the study revealed that the participation of 

relevant stakeholders, both internal actors (e.g., smallholder farmers, chiefs etc.) and 

external actors (e.g., AEA, NGOs etc ... ) are very crucial stakeholders to for the effective 

implementation/adoption of EbA practices. 
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Likewise, institutions/stakeholders can have a very significant role to play in a widespread 

adoption of EbA practices since they are directly or indirect affected by individual 

decisions or communal actions. be it food production or adaption to climate change. 

In addition, the study found out that some obstacles exist or may arise in the future to 

thwart institutions/stakeholders' adoption of EbA practices and/or adaptation efforts to 

climate change. These barriers included; lack of political support, lack of information, 

cultural systems, lack of stakeholder participation and lack/inadequate financial power. 

Finally, it was discovered that most smallholder farmers in the various communities 

recognized and appreciated the need for supportive incentives or an enabling environment 

to facilitate a mass implementation of EbA practices. 

5.3.2 Minor Findings 

);> A large proportion of smallholder farmers in the communities are already 

implementing EbA practices which could be attributed to their experiences or indigenous 

knowledge. 

);> The study revealed that, there is a high level of illiteracy among smallholder 

farmers in the study area since of the respondents had no education. 

);> Despite the low level of education of the respondents in the study, it was revealed 

that a majority of smallholder farmers had fair knowledge of climate change and EbA 

practices in agriculture as well as its significant role in their farming systems. 

);> A vast majority of smallholder farmers implement EbA practices as their direct 

and immediate means of adapting to climate change. This may be due to several factors 

such as level of education, accessibility, food security and among others. 
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,. The study showed that respondents are already adopting both EbA and engineered 

measures or practices and though a greater majority are prepared to adopt EbA practices in 

agriculture to combat the harsh effects of climate change. 
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5.4 Conclusion 

Ecosystem-based Adaptation practices In agriculture are already known and are been 

implemented by a vast majority of smallholder farmers. These practices can provide a 

broader spectrum of adaptation options which are flexible, cost-effective and broadly 

applicable alternatives for the overwhelming interest In hard-adaptation measures and 

mitigating the impacts of climate and non-climate-related impacts on humanity. 

EbA practices frequently provide economic, social and environmental co-benefits in the 

form of both marketable (e.g, livestock and crop production) and non-marketable (e.g, 

cultural preservation) ecosystem goods and services. Overall, many of the EbA practices 

in agriculture, such as soil and water conservation practices, have already been 

implemented and have proven to help smallholder farmers adapt to climate change. 

However, there are certain challenges (e.g, inadequate labour, lack of information and 

limited technical assistance) that may impede a large scale adoption of these practices 

among smallholder farmers. In an attempt to address these impediments, it is significant to 

involve key stakeholders/institutions at the international, national and local levels to 

increase their interest in EbA. This is envisaged to help them appreciate and promote the 

use of EbA practices in agricultural, economic, social and environmental development 

whiles supporting an extensive adoption by multiple stakeholders. 
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5.5 Recommendations 

A number of recommendations were derived from the findings and general observations 

of the study. These included: 
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To begin with, the Ministry of Food and Agriculture, Environmental Protection Agency. 

District Assembly, and Forestry Commission need to continuously intensify education on 

issues regarding climate change. environmentally friendly and cost-effective adaptation 

approaches, like EbA approaches, for the smallholder farmers and institutions to keep 

themselves abreast with current climatic trends or dangers of climate change and issues 

pertaining to their livelihoods. This is envisaged to help foster effective information 

exchange on climate change and EbA practices from technical institutions/stakeholders to 

producers (i.e. smallholder farmers) and vice versa that will result in a mass adoption of 

EbA practices. 

Moreover, the government through the Ministry of Food and Agriculture and the District 

Assembly should continue to create or provide enabling environments like microcredit 

institutions, risk insurance, robust markets and appropriate extension and information that 

are accessible these smallholder farmers and other relevant institutions. The farmers, 

especially, should be encouraged to adopt supportive technologies like early maturing, 

high yielding and drought resistant crops. 

Also, the government through MoF A, CSIR, and Non-governmental Organizations 

(NGOs) should come to the aid of these communities by providing them with the needed 

support or assistance on how the smallholder farmers will effectively integrate both EbA 

practices and hard-engineered practices in order to ensure a perfect balance in the 

ecosystem services. 
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Besides, national and international bodies, MoF A and F AO respectively, should 

significantly increase their extension programs or support to help smallholder farmers 

address some of the predicaments that come with climate change and non-climate factors. 

This is critical especially for smallholder farmers to boost their adaptive capacity. 

Similarly, community leaders and members should work with the various government 

institutions and NGOs towards mitigating the numerous challenges encountered during the 

implementation of EbA practices by the smallholder farmers 

Furthermore, the chiefs, DA, MoF A and NGOs should ensure a greater collaboration or 

involvement of all relevant stakeholders to help enhance the efforts of adaptation and a 

large scale adoption of EbA practices in agriculture and others sectors of the economy. 

This is because, the involvement of different stakeholders play a significant part in 

determining a widespread adoption of EbA practices. 
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Lastly, global institutions like FAO, and national governments bodies like CSIR, MoFA, 

MOF should invest more funds in the assisting relevant stakeholders especially the 

smallholder famers through vigorous research and/or campaigns to demonstrate the 

benefits of EbA strategies to the entire world especially the rural populations. 

www.udsspace.uds.edu.gh 

 

 

 

 



---------------- .....•••• 

REFERENCES 

Adaptation Fund Board, (2013). Adaptation Fund Trust Fund. Financial Report Prepared b) the 
Trustee. AFB/EFC.12/8, Ethics and Finance Committee, Thirteenth Meeting. Adaptation 
Fund Board, Bonn, Germany, 15 pp. 

Adger, W.N., Arnell, N.W., &Tompkins, E.L. (2005): Successful adaptation to climate change 
across scales. Global Environmental Change, 15(2), 77-86. 

Adger, W.N., Dessai, S., Goulden, M., Hulme, M., Lorenzoni, I., Nelson, D.R., Naess, L.O .. 
Wolf, J., & Wreford, A. (2009). Are there social limits to adaptation to climate change? 
Climatic Change, 93(3-4), 335-354. 

Adler, C.E., McEvoy, D., Chhetri, P., & Kruk, E. (2013). The role of tourism in a changing 
climate for conservation and development. A problem-oriented study in the Kailash 
Sacred Landscape, Nepal. Policy Sciences, 46, 160-178. 

AIDB (African Development Bank) - GEF (Global Environment Facility), (2015). Financing 
Global Environment Benefits and Climate Change Adaptation in Africa. Annual Report. 
Available at; http://www.afdb.org/fileadmin/uploads 
lafdb/Documents/Publications/AIDB-GEFANNUALREPORT20 15.pdf Retrieved on 
12/06/2016. 

AGRA (Alliance for a Green Revolution in Africa), (2014). Africa Agriculture Status Report; 
Climate Change and Smallholder Agriculture in Sub-Saharan Africa. Nairobi Kenya; 
available at; www.agra.org/download/5405b2cI2ecc8/ retrieved on September 20, 2015. 

143 

Agrawal, A., (20 I 0). Local institutions and adaptation to climate change. In: Social Dimensions 
of Climate Change: Equity and Vulnerability in a Warming World [Mearns, R. and A. 
Norton (eds.)]. World Bank Publications, Washington, DC, USA, pp. 173-197. 

Agrawal, A. & Perrin N., (2008). Climate Adaptation, Local Institutions, and Rural Livelihood. 
IFRI Working Paper W081-6, International Forestry Resources and Institutions Program 
(IFRI), School of Natural Resources and Environment, University of Michigan, Ann 
Arbor, MI, USA, 17 pp. 

Agyeman, A., Nuamah, N.N., & Oduro, F. T. (2011). Comparative Analysis of Poverty 
Incidence and Patterns in the Forest and Savanna Zones of Ghana. Ghana J. Forestry, 
Vol. 27 (2), 2011, 66-84 

Aherne, J, Posch, M, Forsius, M, Lehtonen, A, & Harkonen, K. (2012). Impacts of forest 
biomass removal on soil nutrient status under climate change: a catchment-based 
modelling study for Finland. Biogeochemistry, 107:471-488 http://dx.doi.orgl1 O. 1 0071 
s I 0533-0 1 0-9569-4. 

www.udsspace.uds.edu.gh 

 

 

 

 



---------------- .....•••• 

Akudugu, M.A., & Alhassan, A.R., (2012a). The Climate Change Menace. Food Security. 
Livelihoods and Social Safety in Northern Ghana. International Journal of Sustainable 
Development & World Policy 1(3):80-95. 

Akudugu, M.A., Dittoh, S., & Mahama, E S. (20 12b). The Implications of Climate Change on 
Food Security and Rural Livelihoods: Experiences from Northern Ghana. Journal of 
Environment and Earth Science. ISSN 2224-3216 (Paper) [SSN 2225-0948 (Online) 
www.iiste.org Vol Zi No.J, 2012 

Altieri, M.A., & Koohafkan, P. (2008). Enduring Farms: Climate Change, Smallholders and 
Traditional Farming Communities. Third World Network (TWN), Penang, Malasya. 

Altieri, M.A., & Nicholls, c.1. (2008). Scaling up agroecological approaches for food 
sovereignty in Latin America. Development 51, 472-480. 

Altieri, M.A., & Nicholls, c.I. (2013). The adaptation and mitigation potential of traditional 
agriculture in a changing climate. Climatic Change. 001 10.1007 Is I 0584-0 13-0909-y 

Anguelovski, I., & Carmin J. (2011). Climate action planning in Quito, Ecuador. In: Climate 
Change and Cities: First Assessment Report of the Urban Climate Change Research 
Network [Rosenzweig, c., W.O. Solecki, S.A. Hammer, and S. Mehotra (eds.)]. 
Cambridge University Press, Cambridge, UK and New York, NY, USA, 262 pp. 

Antwi, A., (2013). Climate Change and Food Security: An overview about the issue. Friedrich 
Ebert Stiftung Ghana. Available at library.fes.de/pdf-files/bueros/ghana/ I 0518.pdf. 

144 

Asante, F.A. & Amuakwa-Mensah F. (2014). Climate Change and Variability in Ghana: 
www.mdpi.comljournallclimate S page Stocktaking climate ISSN 2225-1154 

Astier, M., Garcia-Barrios L., Galvan-Miyoshi Y., Gonzalez-Esquivel C. E., & Masera O. R. 
(2012). Assessing the sustainability of small farmer natural resource management 
systems: A critical analysis of the MESMIS program (1995-20 I 0). Ecology and Society 
17(3). 001: 10.5751IES-0491O-170325. 

Bakarr, (2015, July). 2nd Africa Ecosystem Based Adaptation for Food Security Conference 
2015 (EBAFOSC 2) In EBAFOSC 2, 2015; A Summary of the 2nd Africa Ecosystem 
Based Adaptation for Food Security Conference 2015 (EBAFOSC 2). Available on 
http://www.iisd.ca/food-security/ebafosc2/ Volume 184, Number 7, Monday, 3 August. 
Published by the International Institute for Sustainable Development (IlSD). 

Barnett, J., & O'Neill S. (2010). Maladaptation. Global Environmental Change, 20, 211-213. 

Barrios, E., (2007). Soil biota, ecosystem services and land productivity. Eco!. Econ. 64, 269- 
285. 

Below, T.B., Mutabazi, K.D., Kirschke, D., Franke, c., Sieber S., Siebert, R., & Tscherning, K. 
(2012). Can farmers' adaptation to climate change be explained by socioeconomic 
household-level variables? Global Environ. Change 22, 223-235. 

www.udsspace.uds.edu.gh 

 

 

 

 



-------------- .....•••••• 

Berkhout, F .. (2012). Adaptation to climate change by organizations. Wile) Interdisciplinary 
Reviews: Climate Change. 3( I), 91-106. 

Bishaw, B .. Neufeldt. H .. Mowo, J., Abdelkadir, A., Muriuki, J .. Daile. G .. Assefa, T .. 
Guillozet, K., Kassa, H., Dawson, I. K .. , Luedeling, E., & Mbow. C (2013). Fanners' 
Strategies for Adapting to and Mitigating Climate Variability and Change through 
Agroforestry in Ethiopia and Kenya. 

BLI (BirdLife International), (2009). Partners with nature: how healthy ecosystems are helping 
the world's most vulnerable adapt to climate change. Cambridge: BirdLife International. 

Boko, M., Niang I., Nyong, A., Vogel, C, Githeko, A., Medany, M., Osman-Elasha, B., Tabo, 
R. & Yanda, P. (2012). IPCC, 2012: Managing the Risks of Extreme Events and Disasters 
to Advance Climate Change Adaptation. A Special Report of Working Groups I and II of 
the Intergovernmental Panel on Climate Change [Field, C.B., V. Barros. T.F. Stocker, D. 
Qin, DJ. Dokken, K.L. Ebi, M.D. Mastrandrea, K.J. Mach, G.-K. Plattner. S.K. Allen, M. 
Tignor, and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, UK. and New 
York, NY, USA, 582 pp. 

Bolte, A., Ammer, c., Lof, M, Madsen, P., Nabuurs, G., Schall, P., Spathelf, P., & Rock, J., 
(2009). Adaptive forest management in central Europe: climate change impacts, strategies 
and integrative concept. Scandinavian Journal of Forest Research, 24(6), 473-482. 

Bowen, R.E., & Riley, c., (2003). Socio-economic indicators and integrated coastal 
management. Ocean and Coastal Management 46, 299-312 

145 

Brooks, N., Adger, W.N., & Kelly, P.M., (2005). The determinants of vulnerability and adaptive 
capacity at the national level and the implications for adaptation. Global Environmental 
Change Part A, 15(2), 151-163. 

Brunsma, D.L., Overfelt, D., & Picou, 1.S. (2010. The Sociology of Katrina: Perspectives on a 
Modern Catastrophe. Brown and Littlefield, Lanham, MD, USA, 365 pp. 

Cabral, 1.S., F. Jeltsch, Thuiller, W., Higgins, S., Midgley, G.F., Rebelo, A.G., Rouget, M., & 
Schurr, F.M. (2013). Impacts of past habitat loss and future climate change on the range 
dynamics of South African Proteaceae. Diversity and Distributions, 19(4), 363-376. 

Cardinale, BJ., Duffy, E., Gonzales, A., Hooper, D.U., Perrings, C, Venail, P., Narwani, A., 
Mace, G.M., Tilman, D., & Wardle, D.A. (2012). Biodiversity loss and its impact on 
humanity. Nature, 486:59-67. 

Carmin, J., Anguelovski, I., & Roberts, D. (2012). Urban climate adaptation in the global south: 
planning in an emerging policy domain. Journal of Planning Education and Research, 
32(1), 18-32. 

Calzadilla, A., Zhu, T., Rehdanz, K., Tol, R.SJ., & Ringler, C. (2009). Economy wide impacts 
of climate change on agriculture in sub-Saharan Africa. IFPRI Research Brief 15-15. 
Washington, DC., USA: IFPRL 

www.udsspace.uds.edu.gh 

 

 

 

 



---------------- .....•••• 

Calzadilla, A., Zhu, T., Rehdanz, K .. Tol, R.S.J., & Ringler, C. (2013). Econornywide impacts 
of climate change on agriculture in Sub-Saharan Africa A., Ecological Economics 93 
(2013) 150-165. www.elsevier.com/locate/ecolecon 

Campos, M., Herrador, D., Manuel, C. & McCall, K. M. (2013). Adaptation Strategies To 
Climate Change In Two Rural Communities In Mexico And EI Salador. Boletin de 10 
Asociacion de Geografos Espaiioles N." 61. Pags. 433-436. I.S.S.N.: 0212-9426 

Campos, M., Velazquez, A., & McCall, M. K. (2014). Adaptation strategies to climatic 
variability: A case study of small-scale farmers in rural Mexico. Land US'e Policy 38. 
533-540. May, 001: 10.IOI6/j.landusepol. 2013.12.017 

CBD (Convention on Biological Diversity), (1992). 'Text of Convention'. Available at: 
www.cbd.intlconvention/articles.shtml?a=cbd-02. 

CBD (Convention on Biological Diversity), (20 I 0). Biodiversity and climate change, Montreal, 
convention on biological diversity. http://www .cbd. int/doc/decisions/cop-I O/cop-l O-dec- 
33-en.pdf. Accessed I ih May, 2015. 

CGIAR (Consultative Group on International Agricultural Research), (20 II). Celebrating 40 
years a/progress. Annual Report. A global research partnership for a food secure future. 
Available at https:lllibrary.cgiar.org/ bitstream 
Ihandie/l0947/2789/CGIAR Annual Report 2011.pdf?seguence=1. Retrieved on 
12/06/2016. 

CGlAR (Consultative Group on International Agricultural Research), (2014). Ecosystem 
services and resilience framework. Colombo, Sri Lanka: International Water Management 
Institute (IWMI). CGIAR Research Program on Water, Land and Ecosystems (WLE). 
46p. doi: 10.5337/2014.229 

146 

Choo, P. S., Cooper, H. D., Devendra, c., Dixon, J., Gaskell, J., Khan, S., Lal, R., Lipper, L., 
Pretty, J., Primavera, J., Ramankutty, N., Viglizzo, E., & Wiebe, K. (2005). Cultivated 
Systems. In: Hassan R., Scholes R. and Ash N., (ed.), Ecosystems and Human Well-being: 
Current State and Trends. Volume 1. 1718 Connecticut Avenue, Suite 300, NW, 
Washington, DC 20009. Island Press. 

Chong, J., (2014); Ecosystem-based approaches to climate change adaptation: progress and 
challenges, Int Environ Agreements 14:391-405, 001 10.1007 Is) 0784-014-9242-9 

Christensen, H., Becheva, S., Meredith, S., & Ulmer, K. (2012). Crop Rotation; Benefiting 
farmers, the environment and the economy. Pesticide Action Network Europe, Friends of 
the Earth Europe, IFOAM EU Group, APRODEV. July 2012 

Clark, 1.S., Bell, D.M., Hersh, M.H., & Nichols, L. (2011). Climate change vulnerability of 
forest biodiversity: climate and resource tracking of demographic rates. Global Change 
Biology, 17, 1834-1849. 

www.udsspace.uds.edu.gh 

 

 

 

 



-------------- .....•••••• 

Coils. A., Ash, N. & Ikkala, N. (2009). Ecosystem-based Adaptation: a natural response 10 
climate change. IUCN, Gland, Switzerland. IUCN. 

Commission for Africa, (2005). Our common interest: Report of the Commission for 
Africa.Commission for Africa, London. 

Corfee-Morlot, J., Cochran, I., Hallegatte, S., & Teasdale, P.J. (20 II). Multilevel risk 
governance and urban adaptation policy. Climatic Change, I 04( I). 169-197. 

Cornish, G., (1998). Modern Irrigation Technologies for Smallholders in Developing Countries. 
Intermediate Technology Publications Ltd. (ITP), Wallingford. UK. 

Costanza, R., dArge, R., de Groot, R., Farber, S., Grasso, M., Hannon, B., Limburg, K., 
Naeem, S., O'Neill, R., & Paruelo, 1. (1997): The value of the world's ecosystem services 
and natural capital. Nature, 387:253-260. 

Creswell, J. W. (2009). Research design: Qualitative, Quantitative and Mixed Method 
Approaches. Third Edition. Sage Publications, India pvt. Ltd. 

Curtin, R, & Prellezo, R., (2010). Understanding marine ecosystem based management: a 
literature review. Mar Policy 34:821-830. doi: 10.101 6/j.marpoI.20 I 0.0 1.003 

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. Global Environ. 
Change 18, 598-606. 

147 

Dasgupta, A., & Baschieri, A. (2012). Vulnerability to climate change in rural Ghana: 
Mainstreaming climate change in poverty-reduction strategies. Journal of International 
Development, 22, 803-820. 

Day, 1.W., Boesch, D.F, Clairain, E.J., Kemp, G.P., Laska, S.B., Mitsch, W.1., Orth, K., 
Mashriqui, H., Reed, D.l., Shabman, L., Simenstad, C.A., Streever, B.1., Twilley, R.R., 
Watson, c.c., Wells, 1.T., & Whigham, D.F., (2007). Restoration of the Mississippi Delta: 
Lessons from Hurricanes Katrina and Rita. Science, 315(5819), 1679-1684. 

De Pinto, A., Demirag, U., Haruna, A., Koo, J., & Asamoah, M., (2012). Climate Change, 
Agriculture, and Foodcrop Production in Ghana. Ghana Strategy Support Programme. 
IFPRL Policy note #3 September. 

Deressa, T.T., Hassan, R.M., Alemu, T., Yesuf, M. and Ringler, C. (2008). Analyzing the 
Determinants of Farmers' Choice of Adaptation Methods and Perceptions of Climate 
Change in the Nile Basin of Ethiopia. IFPRI Discussion Paper 00798. Environment and 
Production Technology Division, Ethiopia. 

Deressa, T.T., Hassan, R.M., and Ringler, c., (2011). Perception of and adaptation to climate 
change by farmers in the Nile basin of Ethiopia. Journal of Agricultural Science, 149,23- 
31. 

www.udsspace.uds.edu.gh 

 

 

 

 



Deressa, T.T., Hassan, R.M., Ringler, C, Alernu, T., & Yesuf, M., (2009). Determinants of 
farmers' choice of adaptation methods to climate change in the Nile Basin of Ethiopia. 
Global Environmental Change. 19(2).248-255. 

Doswald, N., & Osti, M., (2011). Ecosystem-based Approaches to Adaptation and Mitigation: 
Good Practice Examples and Lessons Learned in Europe. BfN,Federal Agency for Nature 
Conservation, Bonn, Germany. 

Dudley, N., Stolton, S., Belokurov, A., Krueger, L., Lopoukhine, N., MacKinnon, K., Sandw ith. 
T., & Sekhran, N. (eds.), (2010). Natural Solutions: Protected Areas Helping People Cope 
with Climate Change. The International Union for Conservation of Nature-World 
Commission on Protected Areas (IUCN-WCPA), the Nature Conservancy (TNC), the 
United Nations Development Programme (UNDP), the Wildlife Conservation Society 
(WCS), The World Bank, and the World Wildlife Fund (WWF), IUCN-WCPA and WWF 
International, Gland, Switzerland, TNC, Arlington, VA, USA, UNDP, New York, NY. 
USA, WCS, Bronx, NY, USA, and The World Bank, Washington, DC, USA, 126 pp. 

Dukes, 1.S., Pontius, J., Orwig, D., Garnas, J.R., Rodgers, V.L., Brazee, N., & Ayres M., (2009). 
Responses of insect pests, pathogens, and invasive plant species to climate change in the 
forests of northeastern North America: what can we predict? Canadian Journal of Forest 
Research, 39(2), 231-248. 

Emerton, L, Baig, S., & Saleem, M. (2009): Valuing Biodiversity: The Economic Case for 
Biodiversity Conservation in the Maldives (AEC Project), Ministry of Housing. Maldives: 
Transport and Environment Government of Maldives and UNDP. 

Eakin, H., Benessaiah, K., Barrera, 1.F., Cruz-Bello, G.M., & Morales, H., (2012). Livelihoods 
and landscapes at the threshold of change: disaster and resilience in a Chiapas coffee 
community. Reg. Environ. Change 22, 223-235. 

Eakin, H., Web he, M., Avila, c., Sanchez-Torres, G., and Boj6rquez-Tapia, L.A., (2006). A 
Comparison of the Social Vulnerability of Grain Peasants in Mexico and Argentina, 
AIACC Working Paper No. 29, Washington, DC. 

Easterling, W. E., Aggarwal, P. K., Batima, P., Brander, K. M., Erda, L., Howden, S. M., & 
Kirilenko, A. (2007). Food, fibre and forest products. In Climate change 2007: Impacts. 
adaptation and vulnerability (eds. M. L. Parry, F. Canziani, J. F. Palutikof, P. J. van der 
Linden, and C. E. Hanson), 273-313. Geneva: {PCC Secretariat. 

EC (European Commission), (2013). DG Environment News Alert Service, edited by SCU, 
Science for Environment Policy: The University of the West of England, Bristol. 
Retrieved on 15th September, 2015, available at; 
http://ec.europa.eu/environment/integrationlresearchlnewsalert/pdf/ 42si2 en.pdf 

Ehrlich, P.R., Kareiva, P.M., & Daily, G.c. (2012). Securing natural capital and expanding 
equity to rescale civilisation. Nature, 486:68-73 http://dx.doi.org/I 0.1 038/ nature 11157. 

148 

www.udsspace.uds.edu.gh 

 

 

 

 



-------------- ....•••••• 

Eriksen. S .. Aldunce, P., Bahinipati, e.S., Martins, R.D.A .. Molefe. J.I.. Nhemachena. e.. 
O'Brien. K., Olorunfemi, F., Park, J., Sygna. L., & Ulsrud, K. (20 II). When not every 
response to climate change is a good one: identifying principles for sustainable adaptation. 
Climate and Development, 3( I), 7-20. 

European Environment Agency (EEA), (2006). EEA Glossary. hnp://glossary.eea.eu.intl 
EEAGlossary/D/DPSIR. Last checked in June 2007. 

Fairtrade Foundation, (2013). Powering up smallholder farmers to make food fair, A five point 
Agenda. Fairtrade International Report, May. 

Fankhauser, S. (2010). The costs of adaptation. Wiley Interdisciplinary Reviews: Climate 
Change, 1,23-30. 

FAO (Food and Agriculture Organization of the United Nations), (2007a). Climate Change and 
Food Security: A Framework for Action; F AO Interdepartmental Working Group on 
Climate Change, Food and Agriculture Organisation: Rome, Italy. 

F AO (Food and Agriculture Organization of the United Nations), (2007b). Adaptation to 
climate change in agriculture, forestry and fisheries: perspective, framework and 
priorities. 

FAO (Food and Agriculture Organization of the United Nations), (2013). Submission by the 
Food and Agriculture Organization of the United Nations (F AO) on the Support to Least 
Developed and Developing Countries in the National Adaptation Plan Process Regarding 
the Integration of Agriculture, Fisheries and Forestry Perspectives. F AO, Rome, Italy. 

F AO (Food and Agriculture Organization of the United Nations), (2009). Statistics from 
www.faostat.fao.org, updated April 2009. Rome, Italy: FAO. 

FAO (Food and Agriculture Organization of the United Nations), (20 lOa). Climate change 
implications for food security and natural resources management in Africa. In Proceedings 
of the Twenty-Sixth Regional Conference for Africa, Food and Agriculture Organisation, 
Rome, Italy, 3-7 May. 

FAO (Food and Agriculture Organization of the United Nations), (20tOb). "Climate-Smart" 
Agriculture. Policies, Practices and Financing for Food Security, Adaptation and 
Mitigation. FAO. 00153 Rome, Italy 

F AO (Food and Agriculture Organization of the United Nations), (20 I 1). F AOST AT database. 
Available at hnp:llfaostat3. fao.org/faostat-gateway/go/to/download/RlRLlE; Accessed on 
August 3, 2015. 

Feeley, KJ. & Silman M.R. (2010). Land-use and climate change effects on population size and 
extinction risk of Andean plants. Global Change Biology, 16( 12), 3215- 3222. 

149 

www.udsspace.uds.edu.gh 

 

 

 

 



Fidelman, P.L Leite. A.M., & Nelson, D.R. (2013). Unpacking multilevel adaptation to climate 
change in the Great Barrier Reef. Australia. Global Environ Change 23 :800--812. 
doi: 10.10 16/j.gloenvcha. 2013.02.016 

Finlayson, C.M., Davis, J.A .. Gell, P.A .. Kingsford, R.T., & Parton, K.A. (2013). The status of 
wetlands and the predicted effects of global climate change: the situation in Australia. 
Aquat Sci 75:73-93. doi: I 0.1 007/s00027-011-0232-5 

Forsius, M .. Anttila, S., Arvola, L.. Bergstrom, I., Hakola, H., Heikkinen, H.I., Helenius, L 
Hyvarinen, M., Jylha, K., & Karjalainen, J. (2013). Impacts and adaptation options of 
climate change on ecosystem services in Finland: a model based study. Current Opinion 
in Environmental Sustainability 5:26-40. 

Fu, 8., Forsius, M., & Liu, J. (2013). Ecosystem Services: Climate Change and Policy Impacts. 
Current Opinion in Environmental Sustainability, 5:1-3. Available online at 
www.sciencedirect.com. 

Fuhrer, J., & Gregory, PJ. (Eds.), (2014). Climate Change Impact and Adaptation 111 

Agricultural Systems: Soil Ecosystem Management in Sustainable Agriculture, vol. 5. 
CABI Climate Change Series, CABI Publisher, Wallingford, UK. 

150 

Gabrielsen, P., & Bosch, P. (2003). Internal Working Paper Environmental Indicators: Typology 
and Use in Reporting. European Environment Agency, Copenhagen. 20 pp. 

Gamble, D. W., Campbell, D., Allen, T. L., Barker, D., Curtis, S., McGregor, D., & Popke, J. 
(20 I 0). Climate change, drought, and Jamaican agriculture: Local knowledge and the 
climate record. Annals of the Association of American Geographers 100:880--893. 
DOl: 10.1080100045608.20 I 0.497122 

Girot, P., Ehrhart, c., Oglethorpe, J., Reid, H., Rossing, T., Gambarelli, G., Jeans, H., Barrow, 
E., Martin, S., Ikkala N., & Phillips J. (2012). Integrating community and ecosystem 
based approaches in climate change adaptation responses. ELAN, unpublished. Available 
at www.elanadapt.net 

Giupponi, C., & Vladimirova, I. (2006). Ag-PIE: a GIS-based screening model for assessing 
agricultural pressures and impacts on water quality on a European scale. Science of the 
Total Environment 359 (1-3), 57-75. 

Godfray, H.C']., Beddington, J.R., Crute, LR., Haddad, L., Lawrence, D., Muir, J.F., Pretty, J., 
Robinson, S., Thomas, S.M., & Toulmin, C. (2010). Food security: the challenge of 
feeding 9 billion people. Science 327,812-818. 

Golder, B. & Gawler, M. (2005). Cross-Cutting Tool Stakeholder Analysis. Accessed on 12 
July, 2015 and available at https:llintranet.panda.org/documents/folder.cfm? 
uFolderlD=60976. 

Goldstein, J.H., Caldarone, G., Duarte, T.K., Ennaanay, D., Hannahs, N., Mendoza, G., 
Polasky, S., Wolny, S., & Dai ly, G.c. (20 I 2). Integrating ecosystem-service tradeoffs 

www.udsspace.uds.edu.gh 

 

 

 

 



into land-use decisions. Proceedings of the National Academy of Sciences of the United 
States of America, 109(19),7565-7570 

Grimm, N.B., Chapin III, F.S., Bierwagen, B., Gonzalez, P., Groffman. P.M., Luo, Y., Melton. 
F., Nadelhoffer, K., Pairis, A., Raymond, P.A., Schimel, J., & Williamson, C.E. (2013b). 
The impacts of climate change on ecosystem structure and function. Front Ecol Environ 
II: 474-82. 

Grimm, N.B., Staudinger, M.D., Staudt, A., Carter, S.L., Chapin III, F.S., Kareiva. P., 
Ruckelshaus, M., & Stein, B.A. (2013a). The impacts of climate change on ecosystem 
structure and function. Front Ecol Environ; 11(9): 456-464, doi: 10.1890/120310 

Grothmann, T. & A. Patt, (2005). Adaptive capacity and human cognition: the process of 
individual adaptation to climate change. Global Environmental Change, IS, 199-213. 

GSS (Ghana Statistical Service), (2008). Ghana Living Standards Survey, September, p.vii; 

GSS (Ghana Statistical Service), (20 10). Population and Housing Census, District analytical 
Report. Jirapa District. Available at www.statsghana.gov.gh. Retrieved on; 29/07/2015. 

Guariguata, M., (2009). EI manejo forestal en el contexto de la adaptacion al cambio climatico. 
Revista de Estudios Sociales, 32, 98-112. 

Hardoy, J., & Romero Lankao, P. (2011). Latin American cities and climate change: 
challenges and options to mitigation and adaptation responses. Current Opinion in 
Environmental Sustainability, 3(3),158-163. 

lSI 

Harvey, C.A., Chacon, M., Donatti, c.I., Garen, E., Hannah, L., Andrade, A., Bede, L., Brown, 
D., Calle, A., Chara, J., Clement, c., Gray, E., Hoang, M.H., Minang, P., Rodriguez, 
A.M., Seeberg-Elverfeldt, C., Semroc, 8., Shames, S., Smukler, S., Somarriba, E., 
Torquebiau, E., van Etten, 1., & Wollenberg, E. (2013). Climate-smart landscapes: 
opportunities and challenges for integrating adaptation and mitigation in tropical 
agriculture. Conserv. Lett. 7, 77-90. 

Harvey, C.A., Rakotobe, Z.L., Rao, N.S., Dave, R., Razafimahatratra, H., Rabarijohn, R. H., 
Rajaofara, H., & MacKinnon, J.L. (2014). Extreme vulnerability of smallholder farmers to 
agricultural risks and climate change in Madagascar. Philos. Trans. R. Soc. B: BioI. Sci. 
369,20130089. 

Hassan, R., & Nhemachena, C. (2008). Determinants of African farmers' strategies for adapting 
to climate change: multinomial choice analysis, African Journal of Agricultural and 
Resource Economics, 2(1), 83-104. 

Hellmann, 1.1., Byers, J.E., Bierwagen, B.G., & Dukes, 1.S., (2008). Five Potential 
Consequences of Climate Change for Invasive Species. Conservation Biology, 22(3), 534- 
543. 

www.udsspace.uds.edu.gh 

 

 

 

 



---------------- .......••• 

Hertel, T.W., & Rosch S.D. (20 I 0). Climate change, agriculture and poverty. Policy Research 
Working Paper 5468. Washington, DC: World Bank. 

Howden, S.M., Soussana J.-F .. Tubiello, F.N., Chhetri, N., Dunlop. M., & Meinke. H. (2007). 
Adapting agriculture to climate change. Proc. Natl. Acad. Sci. 104,19691-19696. 

IFAD, (20 II). Proceedings, IF AD (International Fund for Agricultural Development) 
Conference on New Directions for Smallholder Agriculture, 24-25 January. 20 I I.IF AD. 
WFP, and FAO, 2012: The State of Food Insecurity in the World 2012. Economic growth 
is necessary but not sufficient to accelerate reduction of hunger and malnutrition. Food 
and Agriculture Organization of the United Nations (FAO), Rome, Italy, pp. 61 

IF AD (International Fund for Agricultural Development), (2013). Smallholders. food security 
and the environment. Rome, Italy: IF AD, pp.54. 

Iglesias, A., R. Mougou, M. Moneo, and S. Quiroga, (20 II). Towards adaptation of agriculture 
to climate change in the Mediterranean. Regional Environmental Change. II (Suppl. I), 
159-166. 

lPCC (Intergovernmental Panel on Climate Change), (2007a). Parry ML, Canziani OF, 
Palutikof JP, van der Linden PJ, Hansin CE (eds) Technical summary. Contribution of 
working group II to the fourth assessment report of the Intergovernmental Panel on 
Climate Change. Cambridge University Press, Cambridge. 
http://www.ipcc.ch/publications_and_datalar4/wg2/en!contents.html. Retrieved 22 June 
2015. 

152 

lPCC, (2007b). Parry ML, Canziani OF, Palutikof JP, van der Linden PJ, Hansin CE (eds) 
Impacts, adaptation and vulnerability. Contribution to the intergovernmental panel on 
climate change fourth assessment report. Intergovernmental Panel on Climate Change, 
Geneva. http://www.ipcc.ch/publicationsanddatalar4/wg2/en!contents.htm!. Retrieved 
22 June 2015. 

IPCC, (2014a). 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 Intergovernmental Panel on Climate Change [Field, C.B., V.R. Barros, OJ. Dokken, 
KJ. 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, & L.L. 
White (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, 
NY, USA, 1132 pp. 

IPCC, (2014b). Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part B: Regional 
Aspects. Contribution of Working Group If to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change [Barros, V.R., C.B. Field, D.J. Dokken, M.D. 
Mastrandrea, KJ. Mach, 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, & L.L. White 
(eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, 
USA, pp. 688. 

www.udsspace.uds.edu.gh 

 

 

 

 



---------------- .....•••• 

Islam, M., Sallu, S., Hubacek, K., & Paavola, J. (2014). Limits and barriers to adaptation to 
climate variability and change in Bangladeshi coastal fishing communities. Marine Policv. 
43,208-2 I 6 

IUCN (International Union for Conservation of Nature), (2009). Ecosystem-based Adaptation 
(EbA) Position Paper. UNFCCC Climate Change Talks, 28th September - 9th October 
2009, Bangkok, Thailand. 

Jackson, L.E., Pascual, U., & Hodgkin, T., (2007). Utilizing and conserving agrobiodiversity in 
agricultural landscapes. Agric. Ecosyst. Environ. 121 (3), 196-210. 

Jones, L., & Boyd, E. (2011). Exploring social barriers to adaptation: insights from Western 
Nepal. Global Environmental Change, 21(4),1262-1274. 

Jones, H.P., Hole, D.G., & Zavaleta, E.S. (2012). Harnessing nature to help people adapt to 
climate change. Nat. Clim. Change 2, 504-509. Juroszek, P., von Tiedemann, A., 20 II. 
Potential strategies and future requirements for plant disease management under a 
changing climate. Plant Pathol. 60, 100-1 12. 

Jonkman, S.N., Hillen, M.M., Nicholls, RJ., Kanning, W., & van Ledden, M. (2013). Costs of 
adapting coastal defences to sea-level rise - new estimates and their implications. Journal 
of Coastal Research, 29(5), 1212-1226. 

153 

Keskitalo, E.C.H. (ed.), (20 I 0). The Development of Adaptation Policy and Practice in Europe: 
Multi-Level Governance of Climate Change. Springer, Dordrecht, Netherlands, 376 pp. 

Klein, RJ.T., G.F. Midgley, B.L. Preston, M. Alam, F.G.H. Berkhout, K. Dow, & M.R. Shaw, 
(2014). Adaptation opportunities, constraints, and limits. 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 Intergovernmental Panel on 
Climate Change [Field, C.B., V.R. Barros, OJ. Dokken, KJ. 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, United Kingdom and New York, NY, USA, pp. 899-943. 

Koehn J.D., (2011). Climate change and Australian marine and freshwater environments, fishes 
and fisheries: introduction. Mar Fresh Res 62:981-983. doi: 10.1 071/MFl1l52 

Kristensen P., (2004). The DPSIR Framework. Paper presented at the workshop on a 
comprehensive I detailed assessment of the vulnerability of water resources to 
environmental change in Africa using river basin approach. UNEP Headquarters, Nairobi, 
Kenya. 

Kurukulasuriya P., & Mendelsohn R. (2006). A regional analysis of the impact of climate 
change on African agriculture. Mimeograph. School of Forestry and Environmental 
Studies, Yale University. 

www.udsspace.uds.edu.gh 

 

 

 

 



---------------- ......••• 

Kuruppu, N., (2009). Adapting water resources to climate change in Kiribati: the importance of 
cultural values and meanings. Environmental Science & Policy, 12(7), 799-809. 

Lal, R., (20 II). Soil degradation and food security in South Asia. Climate Change and Food 
Security in South Asia, 4.137-152. 

Lavorel, S., Colloff, M. L Mcintyre, S., Doherty, M. D., Murphy, H. T .. Metcalfe. D. J., 
Dunlop, M., Williams, R. J., Wise, R. M., & Williams, J. K. (2015). Ecological 
mechanisms underpinning climate adaptation services. Global Change Biology (2015) 21, 
12-31, doi: 10.IIII/gcb.12689 

Leon Santos, J. (2007). Rural school program: first part: actions that contribute to the restoration 
of soils and improvement. Nochixtlan, Mexico: CEDICAM 

Lesnikowski, A.C., J.D. Ford, L. Berrang-Ford, M. Barrera, P_ Berry, J. Henderson, & S.J. 
Heymann, (2013). National-level factors affecting planned, public adaptation to health 
impacts of climate change. Global Environmental Change, 23(5), 1 153-1163. 

Lin, B.B., (2007). Agroforestry management as an adaptive strategy against potential 
microclimate extremes in coffee agriculture. Agric. For. Meteorol. 144,85-94. 

Locatelli, B., V. Evans, A. Wardell, A_ Andrade, & R. Vignola, (2011). Forests and climate 
change in Latin America: linking adaptation and mitigation in projects and policies. 
Forests, 2, 431-450. 

154 

Lukasiewicz, A, Pittock, J., & Finlayson, M. (2015). Institutional challenges of adopting 
ecosystem-based adaptation to climate change. Regional Environmental Change, 
February.DOII0.1007/s10113-015-0765-6 

Mabe, F.N., Sarpong, D.B., Osei-Asare, Y. (2012). Adaptive Capacities Of Farmers To Climate 
Change Adaptation Strategies And Their Effects On Rice Production In The Northern 
Region Of Ghana. Russian Journal of Agricultural and Socio-Economic Sciences, No. I I 
(11)/2012 

Maibach, E.W., Chadwick, A., McBride, D., Chuk, M., Ebi, K_L., & Balbus, J. (2008). Climate 
change and local public health in the United States: preparedness, programs and 
perceptions of local public health department directors. PLoS One, 3(7), e2838, 
doi: 10.13711journal.pone.0002838. 

Maxim, L., Spangenberg, J.H., & O'Connor M. (2009). An analysis of risks for biodiversity 
under the DPSIR framework. Ecological Economics 69 (2009) 12-23. 
doi: 10.10 16/j.ecolecon.2009.03.0 17 

McDowell, J.Z, & Hess J.J. (2012). Accessing adaptation: multiple stressors on livelihoods in 
the Bolivian highlands under a changing climate. Glob. Environ. Change 22, 342-352. 
(doi: 10.1016/j.gloenvcha.201 1.1 1.002) 

www.udsspace.uds.edu.gh 

 

 

 

 



---------------- ......•••• 

McKeown A., & Gardner G. (2009). Climate change reference guide. Worldwatch Institute. 
Publisher. Worldwatch Institute, Available at: www.worldwatch.orglfiles/ pdf/CCRG.pdf 

Measham, T.G., Preston. B.L., Brooke, c.. Smith. T.F., Morrison, c.. Withycombe. G., & 
Gorddard, R. (2011). Adapting to climate change through local municipal planning: 
barriers and opportunities. Mitigation and Adaptation Strategies Jor Global Change. 
16(8), 889-909 

Mensah, A., Deeb A., Grunwaldt, A.H .. Andrade, A., Kontorov, A., Mills, A., ... Vergara. W. 
(2012). Making the case for ecosystem-based adaptation: Building resil ience to climate 
change. UNEP, UNDP, IUCN; policy brief/policy. 

Mertz, 0., Halsnaes, K., Olsen, J.E., & Rasmussen, K. (2009). Adaptation to climate change in 
developing countries. Environmental Management, 43(5), 743-752. 

Midgley, G.F., Marais, S., Barnett, M., & Wagsather, K. (2012). Biodiversity, Climate Change 
and Sustainable Development - Harnessing Synergies and Celebrating Successes. Final 
Technical Report, The Adaptation Network Secretariat, hosted by Indigo Development & 
Change and The Environmental Monitoring Group, Nieuwoudtville, South Africa. 70 pp. 

Millennium Ecosystem Assessment, (2005). Ecosystems and Human Well-being: Synthesis. 
Island Press, Washington, DC. 

155 

Millennium Ecosystem Assessment (MA), (2007); A Toolkit for Understanding and Action. 
Protecting Nature's Services. Protecting Ourselves. Available at; www.maweb.org 

Mimura, N., R.S. Pulwarty, D.M. Duc, I. Elshinnawy, M.H. Redsteer, H.Q. Huang, J.N. Nkem, 
& R.A. Sanchez Rodriguez, (2014): Adaptation planning and implementation. In: Climate 
Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral 
Aspects. Contribution oj Working Group II to the Fifth Assessment Report oj the 
Intergovernmental Panel on Climate Change [Field, C.B., V.R. Barros, OJ. Dokken, KJ. 
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, United Mooney H, Lariguaderie E, 
Cesario M, Elmquist 0, Hoegh-Guldberg 0, Lavorel S, Mace GM, Palmer M, Scholes R, 
Yahara T (2009). Biodiversity, climate change, and ecosystem services. Curr Opin 
Environ Sust, 1:46-54. United Kingdom and New York, NY, USA, pp. 869-898. 

MoFA, (2011). Agriculture in Ghana. Facts And Figures. Ministry of Food and Agriculture. 
Statistics, Research and Information Directorate (SRlD), May.Retrieved on 4th June, 
2015. Available at: rnofa.gov.gh/site/wp .. .l10/AGRJCULTURE-JN-GHANA-FF-2010.pdf 

Moriondo, M., Bindi, M., Kundzewicz, Z.W., Szwed, M., Chorynski, A., Matczak, P., 
Radziejewski, M., McEvoy, D., & Wreford, A. (2010). Impact and adaptation 
opportunities for European agriculture in response to climate change and variability. 
Mitigation and Adaptation StrategiesJor Global Change, 15(7),657-679. 

www.udsspace.uds.edu.gh 

 

 

 

 



Morris, J. (2007). Ecological engineering in intertidial saltmarshes. Hvdrobiologia. ] 92, 161- 
168. 

Morton J. F., (2007). The impacts of climate change on smallholder and subsistence agriculture. 
Proc. Natl A cad. Sci. USA 104, 19680-19685. (doi: 10. I 073/pnas.070 18551 04) 

Moser, B., Fridley, J.D., Askew, A.P., & Grime, J.P. (201 I). Simulated migration in a long-term 
climate change experiment: invasions impeded by dispersal limitation. not biotic 
resistance. Journal of Ecology, 99(5), 1229- I 236. 

Muiruri, (20 15). 2nd Africa Ecosystem Based Adaptation for Food Security Conference 20 I 5 
(EBAFOSC 2) In EBAFOSC 2, 2015; A Summary of the 2nd Africa Ecosystem Based 
Adaptation for Food Security Conference 2015 (EBAFOSC 2). Available on 
http://www.iisd.ca/food-security/ebafosc2/ Volume 184, Number 7, Monday, 3 August. 
Published by the International [nstitute for Sustainable Development (IISD). 

Munang R, Andrews J, Alverson K, and Mebratu 0, (2014); Harnessing Ecosystem-Based 
Adaptation To Address the Social Dimensions of Climate Change. 
Availableathttp://www.tandfonline.com/doi/abs/10.1080/00139157.20 14.861676?journal 
Code=venv20 Retrieved on 16 July, 2015 

Muller, c., Cramer W., Hare W. L., & Lotze-Campen H. (201 I). Climate change risks for 
African agriculture. Agricultural Sciences, Environmental Sciences. Proc Natl Acad Sci U 
S A. 201 I Mar 15; 108(11): 4313-4315. Published online 2011 Feb 
28. doi: 10. I 073/pnas. I 015078108 PMCID: PMC3060257 

Munang, R., Thiaw 1., Alverson K., Goumandakoye M., Mebratu D., & Liu J. (2013b). Using 
Ecosystem-Based Adaptation Actions to Tackle Food Insecurity. Available at 
http://www.tandfonline.com/doi/fuIIIlO.1 080100139157.20 13.748395 retrieved on 16 July, 
2015. 

Munang, R., Thiaw, 1., Alverson, K., Mumba, M., Liu, J., & Rivington, M. (2013a). Climate 
change and Ecosystem-based Adaptation: a new pragmatic approach to buffering climate 
change impacts. Current Opinion in Environmental Sustainability 
http://dx.doi.orgl10.1 0 16/j.cosust.20 12.12.00 1 

Munang R., Thiaw I., and Rivington M., (2011) "Ecosystem Management: Tomorrow's 
Approach to Enhancing Food Security Under a Changing Climate," Sustainability 3: 937- 
954. 

156 

Munroe, R., Doswald, N., Roe, D., Reid, H., Giuliani, A., Castelli, I. & Moller, I. (2011). Does 
EbA Work? A review of the evidence on the effectiveness of ecosystem-based approaches 
to adaptation. Research highlights, November 2011. BirdLife International, UNEP 
WCMC, lIED, Cambridge, U.K. 

Munroe, R., Roe, D., Doswald, N., Spencer, T., Moller, 1., Vira, B., Reid, H., Kontoleon, A., 
Giuliani, A., Castelli, I., & Stephens J. (2012). 'Review of the evidence base for 

www.udsspace.uds.edu.gh 

 

 

 

 



ecosystem-based approaches for adaptation to climate change'. Environmental Evidence 
I: 13. 

Nagayets, 0., (2005). Small farms: current status and key trends. The Future of Small Farms: 
Proceedings ofa Research Workshop, IFPRI, Wye, UK, pp. 355-367. 

Namara, R. E., Horowitz, L., Nyamadi, B., & Barry, B. (20 II). Irrigation Development in 
Ghana: Past experiences, emerging opportunities, and future directions. Ghana Strategy 
Support Program (GSSP): GSSP Working Paper No. 0027. March. 

National Research Council, (2009). Informing Decisions in a Changing Climate. Panel on 
Strategies and Methods for Climate-Related Decision Support, Committee on the Human 
Dimensions of Global Change, Division of Behavioral and Social Sciences and Education, 
National Research Council, The National Academies Press, Washington, DC, USA, 188 
pp. 

Naumann, S., Anzaldua, G., Berry, P., Burch, S., Davis, M., Frelih-Larsen, A., Gerdes H., 
Sanders, M. (2011); Assessment of the potential of ecosystem -based approaches to 
climate change adaptation and mitigation in Europe. Final report to the European 
Commission, DG Environment. Ecologic institute and Environmental Change Institute, 
Oxford University Centre for the Environment. Contract no. 
070307/20 I 0/580412/SERlB2. 

NCCP (National Climate Change Policy), (2013). Ministry of Environment, Science, 
Technology and Innovation (MESTI), National Climate Change Committee (NCCC). 
Republic of Ghana, 2013. Available at https:lls3. amazonaws.com/ndpc- 
static/ .. .l2015/ .. .lIGhana+Climate+ Change+Policy.pdf. 

Nelson E, Kareiva P, & Ruckelshaus M, (2013). Key ecosystem services that are being 
disrupted by climate change in the US. Front Ecol Environ 11: 483-93. 

Nelson, O.R., Adger, W.N., & Brown, K. (2007). Adaptation to environmental change: 
contributions of a resilience framework. Annual Review of Environment and Resources, 
32,395-419. 

Nhemachena, C. and R. Hassan, 2007: Micro-Level Analysis of Farmers' Adaptation to Climate 
Change in Southern Africa. IFPRI Discussion Paper No. 00714, International Food Policy 
Research Institute (IFPRI), Washington, DC, USA, 30 pp. 

Niang, I., Ruppel, O.c., Abdrabo, M.A., Essel, A., Lennard, c., Padgham, J., & Urquhart, P. 
(2014): Africa. In: Climate Change 201-1: Impacts, Adaptation, and Vulnerability. Part B: 
Regional Aspects. Contribution of Working Group 11 to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change [Barros, V.R., C.B. Field, OJ. Dokken, 
M.D. Mastrandrea, KJ. Mach, 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, United Kingdom and New York, 
NY, USA, pp. 1199-1265. 

157 

www.udsspace.uds.edu.gh 

 

 

 

 



Nielsen, J.O., & Reenberg A. (2010). Cultural barriers to climate change adaptation: a case 
study from Northern Burkina Faso. Global Environmental Change. 20( I). 142-152. 

Noble, I.R., Huq, S., Anokhin, Y.A., Carmin, J., Goudou, D., Lansigan, ~.P .. Osman-Elasha, B .. 
& Villamizar, A. (2014): Adaptation needs and options. In: Climate Change 201-1: 
Impacts. Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. 
Contribution of Working Group 11 to the Fifth Assessment Report ofthe Intergovernmental 
Panel on Climate Change [Field, C.B., V.R. 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. Girrna. 
E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, and L.L. White (eds.)]. 
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, pp. 
833-868 

Oort, P. (2012). Why farmers' sowing dates hardly change when temperature rises. European 
Journal of Agronomy, 40, 102-111. 

O'Brien, K. (2009). Do values subjectively define the limits to climate change adaptation? In: 
Adapting to Climate Change: Thresholds, Values, Governance [Adger, N.W., I. 
Lorenzoni, and K. O'Brien (eds.)]. Cambridge University Press. Cambridge, UK, pp. 164- 
180. 

O'Brien, K, Leichenkob, R., Kelkarc, U., Venemad, H., Aandahla, G .. Tompkinsa, H., Javedc, 
A., Bhadwalc, S., Bargd, S., Nygaarda, L., Westa, 1. (2004). Mapping vulnerability to 
multiple stressors: climate change and globalization in India. Glob. Environ. Change 14, 
303-313. (doi: 10.1016 /j.gloenvcha.2004.01.001). 

Olesen, J., Tranka, M., Kersebaum, K., Skjelvag, A., Seguin, B., Peltonen-Sainio, P., Rossi, F., 
Kozyra, J., and Micale, F. (2011). Impacts and adaptation of European crop production 
systems to climate change. European Journal of Agronomy, 34, 96-112. 

Olivier, J., Probst, K., Renner, I., & Riha, K. (2012). Ecosystem-based Adaptation (EbA). A 
new approach to advance natural solutions for climate change adaptation across different 
sectors. A vailable at https://www.giz.de/expertise/down loads/giz20 13-en-ecosystem 
based-adaptation.pdf 

Omann, I., Stocker A., & Jager, J. (2009). Climate change as a threat to biodiversity: An 
application of the DPSIR approach. Ecological Economics. doi: 
10.1016/j.ecolecon.2009.01.003 

Opperman, J.1., Galloway G.E., Fargione 1., Mount 1.F., Richter B.D., & Secchi S., (2009). 
Sustainable floodplains through large-scale reconnection to rivers. Science, 326(5959), 
1487-1488. 

Owusu, K.; Waylen, P.; & Qiu, Y. (2008). Changing rainfall inputs III the Volta basin: 
implications for water sharing in Ghana. GeoJournal, 71, 201-210. 

158 

www.udsspace.uds.edu.gh 

 

 

 

 



Pathak, H., Aggarwal, P.K .. & Singh. S.D .. (Editors). (2012). Climate Change Impact 
Adaptation and Mitigation in Agriculture: Methodology for Assessment and Applications. 
Indian Agricultural Research Institute. New Delhi. pp xix + 302. 

Patt, A.G., & Schroter D. (2008). Perceptions of climate risk in Mozambique: implications for 
the success of adaptation strategies. Global Environmental Change, 18(3).458-467. 

Pasquini, L., Cowling, R.M., & Ziervogel, G. (2013). Facing the heat: barriers to mainstreaming 
climate change adaptation in local government in the Western Cape Province, South 
Africa. Habitat International, 40, 225-232. 

Pautasso, M., Doring, T.F., Garbelotto, M., Pellis, L., & Jeger, MJ. (2012). Impacts of climate 
change on plant diseases - opinions and trends. European Journal of Plant Pathology, 
133( 1),295-313. 

Pearce, T., Wright, H., Notaina, R., Kudlak, A., Smit, B., Ford, J., & Furgal, c., (2011). 
Transmission of environmental knowledge and land skills among Inuit men In 
Ulukhaktok, Northwest Territories, Canada. Human Ecology, 39(3), 271-288. 

Peprah, K. (2014). Applying DPSIR to Land Degradation Analysis: The Case of Asunafo, 
Ghana. International Journal of Emerging Trends in Engineering and Development. 
Available online on http://www.rspublication.com/ijeted/ijetedindex.htmISSN 2249- 
6149 

Perrings, C. (2010), Biodiversity, Ecosystem Services, and Climate Change; The Economic 
Problem; November 

Pisupati, B., & Warner E. (2003). Biodiversity and the Millennium Development Goals. ISBN 
9558177220 

Power A. G., (2010). Ecosystem services and agriculture: tradeoffs and synergies. Phil. Trans. 
R. Soc. B 365, 2959-2971 doi:10.1098/rstb.2010.0143. 

Pramova, E., Locatelli, B., Brockhaus, M., & Fohlmeister, S. (2012). Ecosystem services in the 
national adaptation programmes of action. Clim. Policy 
http://dx.doi.org/l 0.1 080114693062.20 11.647848 (in the press). 

Rao, N. S., Carruthers, T. J. B., Anderson, P., Sivo, L., Saxby, T., Durbin, T., Jungblut, Y., 
Hills, T., & Chape, S. (2013). An economic analysis of ecosystem-based adaptation and 
engineering options for climate change adaptation in Lami Town, Republic of the Fiji 
Islands. 

Reid, H. (2011). Improving the evidence for ecosystem-based adaptation. lIED Opinion: lessons 
from adaptation in practice series. lIED, London, November. 

Reid, H. (2014c). 'A natural focus for community-based adaptation.' In J. Ensor, R. Berger and 
S. Huq (2014) Community-based Adaptation to Climate Change: Emerging Lessons. 
Practical Action Publishing, Rugby. pp 35-54 

159 

www.udsspace.uds.edu.gh 

 

 

 

 



Reid, H .. Arnpmah, G., Olazabal Prera, M. I., Rabbani, G .. & Zvigadza. S. (2012). Southern 
voices on climate policy choices: Analysis of and lessons learned from civil society 
advocacy on climate change. London: liED. 

Reid. H .. & Alarn, S. S. (2014a). Ecosystem-based Approaches to Adaptation Evidence from 
two sites in Bangladesh. liED Working Paper. lIED, London. November. 

Reid, H. & Huq S. (2005): Climate change- biodiversity and livelihood impacts. In: Tropical 
forests and adaptation to climate change: In search oj synergies [Robledo, C, M. 
Kanninen, and L. Pedroni (eds.)]. Center for International Forestry Research, Bogor Barat, 
Indonesia, pp. 57-70. 

Reid, H., & Schipper, E.L.F. (2014b). Upscaling community-based adaptation: An introduction 
to the edited volume. In Schipper E.L.F., Ayers J., Reid H., Huq S., and Rahman A. 
(Eds.). Community based adaptation to climate change: Scaling it up, pp. 3-21. London: 
Routledge. 

Reid, S., Smit, B., Caldwell, W., & Belliveau, S. (2007). Vulnerability and adaptation to climate 
risks in Ontario agriculture. Mitig. Adapt. Strat. Global Change 12,609-637 

Regassa, S., Givey, C, & Gina, E. (2010). The rain doesn't come on time anymore. Oxfam 
International Research Report. 

Reyer, C, Guericke M., & Ibisch P.L., (2009). Climate change mitigation via afforestation, 
reforestation and deforestation avoidance: and what about adaptation to environmental 
change? New Forests, 38(1), 15-34. 

Roberts, D., Boon, R., Diederichs, N., Douwes, E., Govender, N .. Mcinnes, A., Mclean, C, 
O'Donoghue S., & Spires, M., (2012). Exploring ecosystem-based adaptation in Durban, 
South Africa: "Iearning-by-doing" at the local government coal face. Environment and 
Urbanization, 24(1),167-195. 

Roge, P., Friedman, A. R., Astier M., & Altieri M. A. (2014). Farmer Strategies for Dealing 
with Climatic Variability: A Case Study from the Mixteca Alta Region of Oaxaca, 
Mexico. Agroecology and Sustainable Food Systems, 38:7, ,.50-811, DOl: 
10.1080/21683565.2014.900842 

Rogers, S.I., & Greenaway, B. (2005). A UK perspective on the development of marine 
ecosystem indicators. Marine Pollution Bulletin 50, 9-19. 

Royal Society, (2008). Biodiversity-Climate Interactions: Adaptation, Mitigation and Human 
Livelihoods. London. 

Salinger, MJ., Sivakumar, M.V.K., & Motha, R., (2005). Reducing vulnerability of agriculture 
and forestry to climate variability and change: workshop summary and recommendations. 
Clim. Change 70, 341-362. 

160 

www.udsspace.uds.edu.gh 

 

 

 

 



Sanchez, P. A., & Swaminathan, M. S. (2005). Cutting world hunger in half. Science 307. 357- 
359. (doi: 10. I I 26/science. 1 1 09057). 

Satterthwaite, D .. & Dodman D. (2009). The costs of adapting infrastructure to climate 
change. In: Assessing the Costs of Adaptation to Climate Change: A Review of the 
UNFCCC and Other Recent Estimates [Parry, M., N. Amell, P. Berry, D. Dodman. S. 
Fankhauser, e. Hope, S. Kovats, R. Nicholls, D. Satterthwaite, R. Tiffin. and T. Wheeler 
(eds.)). International Institute for Environment and Development (lIED) and the 
Grantham Institute for Climate Change, liED, London, UK, pp. 73-89. 

SCBD (Secretariat of the Convention on Biological Diversity), (2009). Connecting Biodiversity 
and Climate Change: Report of the Second Ad Hoc Technical Expert Group on 
Biodiversity and Climate Change. CBD, UNEP, Montreal, Canada. 

Scherr, S. J. & Sthapit, S. (2009). Sustainable Land Management in Africa: Opportunities for 
Climate Change Adaptation (TerrAfrica). 

Schilling, J., Freier, K.P., Hertig, E., & Scheffran, J. (2012). Climate change, vulnerability and 
adaptation in North Africa with focus on Morocco. Agriculture, Ecosystems and 
Environment, 156, 12-26. 

Schlenker, W., & Roberts, M. J., (2009). Nonlinear temperature effects indicate severe damages 
to US crop yields under climate change Proc. Natl Acad. Sci. 106 15594-8 

Schroter, D., Cramer, W., Leemans, R., Prentice, I.e., Araujo, M.B., Amell, N.W., Bondeau, A., 
Bugmann, H., Carter, T.e., & Gracia, e.A. (2005). Ecosystem service supply and 
vulnerability to global change m Europe. Science, 310: 1333-1337 
http://dx.doi.orglI0.1126/science.1115233. 

Schultz, H.R., & Jones, G.V. (2010). Climate induced historic and future changes in viticulture. 
J. Wine Res. 21, 137-145. 

Settele, J., Scholes, R., Betts, R., Bunn, S., Leadley, P., Nepstad, D., Overpeck, J.T., & 
Taboada, M.A. (2014): Terrestrial and inland water systems. 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 Intergovernmental 
Panel on Climate Change [Field, C.B., V.R. Barros, OJ. Dokken, KJ. 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, United Kingdom and New York, NY, USA, pp. 
271-359. 

Shaw, M.R., Overpeck, J.T., & Midgley, G.F. (2014). Cross-chapter box on ecosystem based 
approaches to adaptation--emerging opportunities. 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 Intergovernmental Panel on 
Climate Change [Field, e.B., V.R. Barros, OJ. Dokken, KJ. Mach, M.D. Mastrandrea, 
T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, 

161 

www.udsspace.uds.edu.gh 

 

 

 

 



A.N. Levy, S. MacCracken. P.R. Mastrandrea, and L.L. White (eds.)]. Cambridge 
University Press, Cambridge, United Kingdom and New York. NY, USA, pp. 101-103. 

Smeets. E., & Weterings, R. (1999). Environmental indicators: typology and overview. 
Technical report No. 25. European Environment Agency, Copenhagen. 19 pp. 

Sowers, J., Vengosh, A., & Weinthal, E. (2011). Climate change, water resources, and the 
politics of adaptation in the Middle East and North Africa. Climatic Change, 104(3-4), 
599-627. 

Svenning, J.e., & Sandel, B., (2013). Disequilibrium vegetation dynamics under future climate 
change. American Journal of Botany, 100(7), doi: 10.3732/ajb.1200469. 

Svobodova, E., Trnka, M., Dubrovsky, M., Serneradova, D., Eitzinger, J., Stepanek, P., & 
Zalud, Z. (2013): Determination of areas with the most significant shift in pests' 
persistence in Europe under climate change. Pest Management Science, 
doi: 10.1002/ps.3622. 

Swift, MJ., lzac, A.M.N., & van Noordwijk, M. (2004). Biodiversity and ecosystem services in 
agricultural landscapes; are we asking the right questions? Agric. Ecosyst. Environ. 104, 
113-134. 

Swinton, S.M., Lupi, F., Robertson, G.P., & Hamilton, S.K. (2007). Ecosystem services and 
agriculture: cultivating agricultural ecosystems for diverse benefits. Ecol. Econ. 64, 245- 
252 

Tengo, M., & Belfrage, K. (2004). Local management practices for dealing with change and 
uncertainty: a cross-scale comparison of cases in Sweden and Tanzania. Ecology and 
Society,9(3). 

Tilman, D., Cassman, K.G., Matson, P.A., Naylor, R., & Polasky, S. (2002). Agricultural 
sustainability and intensive production practices. Nature 418, 671-677. 

Tscharntke, T., Klein, A.M., Kruess, A., Steffan-Dewenter, I., & Thies, e. (2005). Landscape 
perspectives on agricultural intensification and biodiversity--ecosystemservice 
management. Ecol. Lett. 8, 857-874 

Tubiello, F.N., & Fischer, G. (2007). Reducing climate change impacts on agriculture: global 
and regional effects of mitigation, 2000-2080. Technol. Forecast. Soc. Change 74, 1030- 
1056. 

UNDP (United Nations Development Programme), (2006). Adaptation Policy Frameworkfor 
Climate Change. New York: UNDP. 

UNDP (United Nations Development Programme), (2014). Ecosystem-based adaptation. 
Available at: www.np.undp.org/ .. .lEbAIUNDP NP EBA-Ecosystem-based-Adaptation 
Concept.pdf. (Accessed on 13th May, 2015). 

162 

www.udsspace.uds.edu.gh 

 

 

 

 



UNEP (United Nations Environment Programme), (2009). lEA Training Manuel. Vulnerability 
and Impact Assessments for Adaptation to Climate Change (VIA module) volume two. 

UNF (United Nations Foundation), (2016). Global Leadership for Climate Action. Available at 
http://wwv,: . globalactionno\\'.org/index.php?option=comcontent &task =v iew &id= 33 
Retrieved on; 15/06/2016 

UNFCCC (United Nations 
FCCC/INFORMALl84, 

Framework Convention 
GE.05-62220 (E) 

on Climate 
200705. 

Change), (1992). 
Available at 

https://unfccc. int/resource/docs/convkp/conveng.pdf (Retrieved on July 24, 2015). 

UNFCCC (United Nations Framework Convention on Climate Change), (2007). Investment and 
Financial Flows to Address Climate Change. 

UNFCCC (United Nations Framework Convention on Climate Change), (2013). Report of the 
subsidiary body for scientific and technological advice on its thirty-eighth session, held in 
Bonn from 3 to 14 June 2013. UN, Available at http://unfccc.int/bodiesibody/ 
6399/php/view/reports.php. 

USEPA, (United States Environmental Protection Agency), (20 I 0). Office of Air and Radiation 
(6207J) EPA 430-F-IO-004. Available at; www.epa.gov/climatechange. (Retrieved on 
July 24, 2015) 

Vignola R., Harvey C.A., Bautista-Solisa P., Avelino J., Rapidel B., Donatti c., & Martinez R. 
(2015). Ecosystem-based adaptation for smallholder farmers: Definitions, opportunities 
and constraints; Agriculture. Ecosystems and Environment; 211 (2015) 126-132 

Vignola R., Locatelli 8., Martinez c., & Imbach P. (2009); Ecosystem-based adaptation to 
climate change: What role for policy-makers, society and scientists? Mitigation and 
Adaptation Strategies/or Global Change, Springer Verlag (Germany), 14 (8), pp.691-696. 
<10.1007/s11027-009-9193-6>. <cirad-00699340> 

Weber, E.U. (2006). Experience-based and description-based long term learning: why global 
warming doesn't scare us (yet). Climatic Change, 77,103-120. 

Westerhoff, L., Keskitalo, E.C.H., McKay, H., Wolf, J., Ellison, D., Botetzagias, I.. & Reysset. 
B. (2010). Planned adaptation measures in industrialised countries: a comparison of select 
countries within and outside the EU. In: Developing Adaptation Policy and Practice in 
Europe: Multi-level Governance of Climate Change [Keskitalo, E.C.H. (ed.)]. Springer, 
Dordrecht, Netherlands, pp. 271-338. 

Wiggins, S. (2009). Can the smallholder model deliver poverty reduction and food security for a 
rapidly growing population in Africa? Paper for the Expert Meeting on How to feed the 
World in 2050, Rome. 

Wiggins, S., & Sharda, K. (2013). Looking back, peering forward: what has been learned from 
the food-price spike of 2007-2008? 

163 

www.udsspace.uds.edu.gh 

 

 

 

 



Wolf, J., & Moser, S.c., (20 II). Individual understandings, perceptions, and engagement with 
climate change: insights from in-depth studies across the world. Wiley Interdisciplinary 
Reviews: Climate Change, 2(4), 547-569. 

Wolf, J., Allice, I., & Bell. T., (2013). Values, climate change, and implications for adaptation: 
evidence from two communities in Labrador, Canada. Global Environmental Change. 
23(2), 548-562. 

World Bank, (2007). World development report: Agriculture for development. World Bank, 
Washington, DC. 

World Bank, (2008). The Growth Report: Strategies for Sustained Growth and Inclusive 
Development. Commission on Growth and Development, World Bank, Washington D.C. 

World Bank, (2010a). The Costs to Developing Countries of Adapting to Climate Change: New 
Methods and Estimates. Accessed on 13th May, 20I5.Available online: 
siteresources.worldbank.org/EXTCC/Resources/EACC-june20 1 O.pdf. 

World Bank, (2010b). Economics of adaptation to climate change: Synthesis Report. The World 
Bank, Washington D.C. (online) URL: http://siteresources. 
worldbank.orglEXTCCIResourceslEACC _Final- SynthesisReport0803 _201 O.pdf 

World Bank (2013). Operational Framework for Ecosystem-based Adaptation Implementing 
and Mainstreaming Ecosystem-based Adaptation Responses in the Greater Mekong Sub- 
Region. December 30, 2013 available at; 
http://wwf.panda.org/what we do/where we worklgreatermekong loursolutionsl 
eCQsys_te!!l_j:>_;:I~y.Q_~Q~Pt(HiQI1L (Accessed on August 3, 2015). 

World Bank, (2013). Turn Down the Heat: Climate Extremes, Regional Impacts, and the Case 
for Resilience. A report for the World Bank by the Potsdam Institute for Climate Impact 
Research and Climate Analytics. Washington, DC: World Bank. License: Creative 
Commons Attribution, Non-Commercial, No Derivatives, Unported license (CC BY-NC 
ND 3.0). 

World Bank, (2014). World Development Indicators: Agricultural inputs. Available at 
http://wdi.worldbank.orgitable/3.2 (accessed on August 3, 2015). 

Wurtenberger, L., Bunzeck, I.G., & van Tilburg, X., (20 II). Initiatives related to climate change 
in Ghana towards coordinating efforts. Energy research Centre of the Netherlands; ECN 
E--II-OIO 

Ziervogel, G., Johnston, P., Matthew, M., & Mukheibir, P. (20 I 0): Using climate information 
for supporting climate change adaptation in water resource management in South Africa. 
Climatic Change, 103(3),537-554. 

Ziska, L.H., Blumenthal, D.M., Runion, G.B., Hunt Jr., E.R., & Diaz-Soltero, H. (2011). 
Invasive species and climate change: an agronomic perspective. Climatic Change, 105(1- 
2), 13-42. 

164 

www.udsspace.uds.edu.gh 

 

 

 

 



Yates. c.J .. McNeill, A .. Elith. J .. & Midgley, G.F. (2010). Assessing the impacts of climate 
change and land transformation on Banksia in the South West Austral ian Floristic Region. 
Diversity and Distribut ions, 16( I). 187-20 I. 

Walker, B .. & Salt. D. (2006). Resilience thinking: Sustaining ecosystems and people in a 
changing world. Washington, DC: Island Press. 

Wezel, A., Casagrande. M .. Celette, F., Vian, J.F., Ferrer, A., & Peigne. J. (2014). Agro 
ecological practices for sustainable agriculture. A review. Agron. Sustain. De1'. 34. 1-20. 

165 

www.udsspace.uds.edu.gh 

 

 

 

 



APPENDICES 

APPENDIX 1 

UNIVERSITY FOR DEVELOPMENT STUDIES 
FACULTY OF INTEGRATED DEVELOPMENT STUDIES 

DEPARTMENT OF ENVIRONMENT AND RESOURCE STUDIES 

TOPIC: "Challenges and Prospects of Ecosystem-based Adaptation practices for 
smallholder farmers in Jirapa District". 

INTERVIEW GUIDE FOR KEY-INFORMANTS 

I. What do you understand by climate change? 
2. Have you heard of the concept of EbA and where did you get the information 
from? 
3. What do you understand by EbA? 
4. Who/what are some of the institutions/stakeholders that could support the adoption 
of EbA? 
5. Do you think EbA has some benefits and if so, what are some of these benefits? 
6. Do you think EbA has some challenges and if so, what are some of these 
challenges? 
7. How does climate change in your view affect the activities of farmers in the Jirapa 
District? 
8. What measures have you employed to help educate farmers on the issue of climate 
change and ecosystem-based adaptation? 
9. What adaptive measures do you think farmers employ or should employ to cope 
with climate change? 
10. What are some of the measures put in place by your institution that have 
influenced farmer adaption to climate change? (eg. availability of policies) 
II. Are you aware of any factors in the various communities of the District influence 
farmer adaptation to climate change? 
12. Can you identify some factors that limit farmer adaptation to climate change in the 
Jirapa District? (Eg. Politics, lack of financial support, culture) 
13. What are some of the sources of finance for Ecosystem-based Adaptation? 
14. What are some of the agricultural and Non-agricultural institutions and 
stakeholders that may be vital to smallholders' adoption of EbA? 
15. Are there supportive incentives and/or enabling environment that is provided by 
others? 
16. What are some of the perverse incentives and barriers that might exist (or arise in 
the future) that serve to hinder farmers from adopting EbA? 
17. How can these barrier/factors be counteracted or overcome or what do you think 
can be done to limit the influence of these factors on agriculture? 
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UNIVERSITY FOR DEVELOPMENT STUDIES 
FACULTY OF INTEGRATED DEVELOPMENT STUDIES 

DEPARTMENT OF ENVIRONMENT AND RESOURCE STUDIES 

TOPIC: "Challenges and Prospects of Ecosystem-based Adaptation practices for 
smallholder farmers in Jirapa District". 

QUESTIONNAIRE FOR SMALLHOLDER FARMERS 
This questionnaire is designed to help the researcher (MPhil Student) collect data on the 
Challenges and Prospects of Ecosystem-based adaptation practices for smallholder 
farmers in Jirapa District as well as the various institutions and stakeholders that are 
involved in EbA. You are assured that, your responses would be treated confidentially and 
used for only academic purposes. 
Participation is voluntary and you can choose not to take part. Once you have agreed to 
take part in this process means that you have consented to be part of the research 
Please tick [-VI as your desired options or answers where necessary. 

SECTION A: 
PERSONAL CHARACTERISTICS OF THE RESPONDENT 

1.1 1.4 Age 
Questionnaire 
No: 
1.2 1.5 Educational 
Community level 
1.3 Sex 1.6 Occupation 

SECTION B 
INTRODUCTORY OUESTIONS 
2.1 Have you ever heard about climate change? 
a. Yes b. No 
2.2 lfyes, since when? 
a. Long ago b. Recently c. Just now 
2.3 Do you understand the meaning of climate change? 
a. Yes b. No 
2.4 What is the main cause of climate change? 
a. Natural processes 
b. Human activities 
c. Both 
2.5 How do you determine if the climate has changed? 
a). Erratic rainfalls b). Changes in crops grown c). Changes in planting dates 
d). Rise in temperature e). Others (specify) . 
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2.6 Do you think climate change has direct impact on your livelihood/farming 
activities? 
a). Yes b.) No. 

2.7 What are some of the commonly observed climatic trends in your community? 
a). Lower rainfall b). Perennial droughts c). Lower temperatures d). More variable rainfall 
e). Higher temperatures f). Others (specify) . 

2.8 What are some of the effects of climate change? 
a). Higher temperatures b). Perennial droughts c). Erratic rainfall 
d). Others (specify) . 

2.9 How have these changes affected your farming activities over the past 40 years? 
a). Negatively b). Positively c). No impact at all 

:. 
2.10 Which aspects of farming do these changes affect the most? 
a). Water availability b). Pest and diseases control c). Post-harvest losses 
d). Soil fertility e). Others (specify) . 

2.11 Do you undertake any adaptive practices to climate change? 
a). Yes b). No 

2.12 What is your direct and immediate means of adapting to climate change? 
a). Hard-engineering Responses (non-EhA) (e.g., irrigation, chemical fertilizers, tractors) 
b). Natural Response (EbA) (e.g., manure, compost, crop rotation, mixed cropping, 
mulching etc ... ) 
2.13 Wh t h t h I ith th changes? a genera measures ave you pu In pace 0 eip you cope WI ese 

MEASURES Please TICK (>J) 
Water Harvesting 
Sand and Stone- Bunds 
Composting 
Use Of Fertilizers 
Use Of Heavy Machineries 
Changing Tillage Practices 
Crop Rotation 
Changing Sowing Dates 
Use Of Vegetation Buffer Strips 
Cover Cropping 
Mulching 
Mixed Cropping 
Mixed Farming 
Fallowing 
Raised/Sunken beds 
Others (Specify) 
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2.14 Have you heard about ecosystem-based adaptation (EbA),J 
a). Yes b). No 

2.15 If yes, since when? 
a). Long ago b). Recently c). Justnow 

2.16 Wh f h EbA t . I h e changes? at are some 0 t e s rategies you employ to cope wit 1 t es 
EbA strategies Please TICK (\) 
Sand/Stone- Bunds 
Cornposting 
Crop Rotation 
Veg_etation Buffer Strips 
Cover Cropping 
Mulching 
Treeplanting on farms 
Mixed Cropping 
Mixed Farming 
Agroforestry 
Others (Specify) ...................... 

2.17 What informs your choice of such a technique(s)? 
a). Cost-effective b). Increases food production c). Accessibility d). Culture 
e). Availability of raw materials f). Environmentally friendly 
g). Others (specify) . 

2.18 For how long have you being using these practices? 
a). 5-10 years ago b). 10-20 years ago c). 30-40 years ago d). 40-50 years ago 
e). 50 years and above 

2.19 To what extent do you agree or disagree that you would be prepared to adopt EbA 
to help reduce climate change even if it will cost you? 
a). Strongly Agree b). Slightly Agree c). Slightly Disagree d). Strongly Disagree 
e). Don't know 

2.20 How have EbA strategies (Q. I 0 above) affected you 

Environmentally? Codes Culturally? Codes Economically? Codes 

Codes {I} Negatively {2} Positively {3} No impact at all 

2.21 What is the size (acres) of your farm land? . 
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SECTION C 
CHALLENGES OF EBA FOR SMALLHOLDER FARMERS 

3.1 Which of the following do you think is/are the main constraints in your crop 
production? (please rate them) 
a). Erosion b). Diseases and pests c). Infertile soils d). Poor rainfall e). Others (specify) 

3.2 What in your opinion are the challenges or problems associated with the 
implementation of EbA Practices? 

Challenges Please TICK ("V) 
Inadequate labour 
Lack of knowledge or information 
Lack of raw materials 
Lack of finance 
Degraded ecosystems 
Community opposition 
Limited or inexistent technical 
assistance 
Others (specify) 

3.3 What are the challenges associated with these EbA practices? 

EbA Strategies Challenges EbA Strategies Challenges associated 
associated with with strategies 
strate ies (Codes) (Codes) 

Compo sting Crop rotation 
Sand and stone Vegetation buffer 
bunds strips 
Tree planting on Mixed cropping 
farmlands 
Mixed farming_ Mulching 
Agroforestry Cover cropping .. 

Codes: {I} Lack of a clear understanding {2} Lack of enabling policies {3} Trade-offs 
{4} Lack of information {5} Lack of financial resources {6} Institutional resistance 
{7} Inadequate labour {8} Ignorance and illiteracy {9} Lack ofraw materials {I O}Others 
(Specify) . 

3.4 How would you rate the challenges of EbA practices on your farm output? 
a). Extremely bad b). Slightly bad c). Very bad d). Bad e). Not bad 
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3.5 To what extent do you agree or disagree that, EbA practices \\ ill help provide 
more challenges than benefits? 
a). Strongly Agree b). Slightly Agree c). Slightly Disagree d). Strongly Disagree 
e). Don't know 

SECTION D 
PROSPECTS OF EBA FOR SMALLHOLDER FARMERS 

4.1 Would you prefer technical/engineered solutions to EbA practices? 
a). Yes b). No 

4.2 What informs your choice of answer? 
a). Increases food production b) Accessibility c). Faster/Quicker 
d).Reduces vulnerability to climate change e). Poor rainfalls 

4.3 Do you think EbA practices have some benefits? 
a). Yes b). No 

4.4 In your opinion, do you think EbA practices can provide economic, social, 
cultural and environmental benefits? 

a). Yes b). No 
4 5 Wh f h b fi f EbA ? at are some 0 t e ene Its 0 practices. 

BENEFITS Please TICK c'h 
Utilizes Local or Traditional Knowledge 
Opportunities For Tourism 
Increase Food Security 
Increases or Diversifies Their Sources of Income 
Generation 
Improves Water Infiltration 
Enhance Resilience Against Erosion 
Cost-effective 
Safeguards livelihood 
Improves Soil Fertility and formation 
Decreased The Use Of Chemical Fertilizer And 
Pesticides 
Carbon Storage And Sequestration 
Others (specify) 

4.6 What are the benefits, cost, acres of land applied and output associated with these 
EbA practices 

EbA Strategies Benefits from Cash-cost Acres of Output (bags 
strategies (Codes) involved land applied If pplicable) 

Composting 
Sand and stone- 
Bunding 
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Tree planting on 
farmlands 
Mixed Farming 
Crop Rotation 
Vegetation Buffer 
Strips 
Mixed Cropping 
Mulching 
Cover Cropping 
Agroforestry 

Codes: {Lj Cost-effective (eg. low Implementation and laborcosts){2}Saves Time 
{3}lncreases Crop Yield {4}lmproves Soil Fertility {5}Enhances Water Infiltration {6} 
Maintained Soil Moisture {7} Carbon Storage and Sequestration {8} Takes Advantage Of 
Local Or Traditional Knowledge {9}Conservation, Restoration Or Management Of 
Biodiversity, Ecosystem Services {10} Increase Food Security {ll} Increases or 
Diversifies Sources of Income Generation, {12} Based on Local Inputs, {13 }Others 
(Specify) . 

4.7 Do you think EbA practices playa major role in your annual crop yield? 
a). Yes b). No 

4.8 How would you rate the benefits of EbA practices to your farm output? 
a). Excellent b). Very good 
c). Good d). Bad e). Very bad 
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4.9 Which of the following strategies incurs more cost in land preparation? 
a). Hard-adaptation strategies b). Ecosystem-based adaptation 

4.10 To what extent do you agree or disagree that, EbA will help reduce the adverse 
impacts of climate change? 
a). Strongly Agree b). Slightly Agree 
c). Slightly Disagree d). Strongly Disagree e). Don't know 

4.11 To what extent do you agree or disagree that, EbA practices will help provide 
Environmental, Socio-cultural and Economic benefits besides adaptation to climate 
change? 
a). Strongly Agree 
c). Slightly Disagree 

b). Slightly Agree 
d). Strongly Disagree e). Don't know 

4.12 What are some of the environmental benefits of EbA practices? 
a. Continued Provision Of Key Ecosystem Services 
b. Climate Regulation 
c. Sustainable Management, Conservation, Restoration of Ecosystems and 
Biodiversity 
d. Carbon Storage and Sequestration e). Others (Specify) . 
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---------------- .....••••• 

4.13 What are some of the socio-cultural benefits of EbA practices? 
a). Aesthetic b). Spiritual 
c). Recreational d). Others (specify) . 

4.14 What are some of the economic benefits of EbA practices') 
a). Diversity of income sources b). Increased crop yields 
c). Saves time and money d). Others (specify) . 

4.15 To what extent do you agree or disagree that, EbA will help provide more benefits 
than challenges? 
a). Strongly Agree 
c). Slightly Disagree 

b). Slightly Agree 
d). Strongly Disagree e). Don't know 

SECTION E 
INSTITUTIONS AND STAKEHOLDERS THAT COULD SUPPORT THE 
ADOPTION OF EBA BY SMALLHOLDER FARMERS 
5.1 Who/who are the various stakeholders at the local level that will ensure a 
successful adoption or implementation of EbA practices? 
a). Smallholder farmers b). AEAs c). NGOs 
d). Chiefs e). FBOs f). Agriculture-based businesses 
g). Fishermen h). Media i). Others (specify) . 

5.2 What/who are some ofthe Non-agricultural institutions and/or stakeholders that 
may be vital to smallholder farmers' adoption of EbA practices? 
a). MOF b). NDPC c). MESTI 
d). Ministry of Education e). Insurance Companies f). Forestry Commission (FC) 
h). Meteorological Stations i). EPA j).Others (specify) . 
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5.3 What/who are some of the agricultural-based institutions and/or stakeholders that 
may be vital to smallholder farmers' adoption of EbA practices? 
a). MoFA b). Agriculture Development Bank (ADB) c). NGOs d). IGOs 

f). FBOs g). Others (specify) . 

5.4 Which are some of the supportive incentives and/or indications of an enabling 
environment? 
a). Microcredit Availability 
c). Appropriate Extension and Information 
e). Insurance Availability 

b). Markets for Produce 
d). Supportive Technologies 
f). Others (specify) . 
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5.5 Are there any perverse incentives and barriers that might exist (or arise in the 
future) that serve to hinder farmers from adopting EbA practices') 
a). Lack of political support b). Lack of information c). Cultural systems 
d). Lack of stakeholder participation 
e). Lack/inadequate financial power f). Others (specify) . 

5.6 How can these barrier/factors be counteracted or overcome? 
a). Awareness creation b). Demonstration of EbA resu Its 
c). Stakeholder participation in decision-making 
d). Vibrant source offunding e). Others (specify) . 

5.7 To what extend do you think that, the level of different stakeholders and/or 
institutional involvement is very important to your adoption of EbA practices? 

a). Strongly Agree 
c). Slightly Disagree 

b). Slightly Agree 
d). Strongly Disagree e). Don't know 

Any Comments? 
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THANK YOU FOR YOUR COOPERATION. 
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UNIVERSITY FOR DEVELOPMENT STUDIES 
FACULTY OF INTEGRATED DEVELOPMENT STUDIES 

DEPARTMENT OF ENVIRONMENT AND RESOURCE STUDIES 

QUESTIONNAIRE FOR INSTlTUTIONS/ORGANIZA TIONS 

MPHIL THESIS TOPIC: "Challenges and Prospects of Ecosystem-based Adaptation 
practices for smallholder farmers in Jirapa District". 

This questionnaire is designed to help the researcher (MPhil Student) collect data on the 
Challenges and Prospects of Ecosystem-based adaptation practices for smallholder 
farmers in Jirapa District and the various institutions and stakeholders that are involved in 
EbA. You are assured that, your responses would be treated confidentially and used for 
only academic purposes. 
Participation is voluntary and you can choose not to take part. Once you have agreed to 
take part in this process means that you have consented to be part of the research 

Name of organization/institution Date 

Name of Respondent Signature 

Position 

1. What do you understand by climate change? 
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2. How does climate change in your view affect the activities of smallholder farmers? 

3. What is your understanding of adaptation to climate change? 
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4. Have you heard of the concept of Ecosystem-based Adaptation (EbA) and ifso. 

where did you get the information from? A. Yes B. No 

Source(s) . 

5. What do you understand by EbA? 

6. What adaptive measures do you think farmers employ or should employ to cope 

with climate change? 

7. Who/what are some of the institutions/stakeholders that could support smallholder 

farmers in adopting EbA practices? 

A. Local B. International stakeholders/ 

stakeholders/institutions institutions 

I. 1. 

2. 2. 

3. 3. 

4. 4. 

5. 5. 

6. 6. 

7. 7. 

8. 8. 
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8. Do you think EbA practices have some benefits? 

A. Yes B. No 
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9. I f YES, what are some of these benefits? 

Benefits Please TICK C'h 
{I }Cost-effective (eg. low implementation and labor costs) 

{2}Saves Time 

{3} Increases Crop Yield 

{4}lmproves Soil Fertility 

{5} Enhances Water I nfi Itration 

{6} Maintains Soil Moisture 

{7} Carbon Storage and Sequestration 

{8} Takes Advantage Of Local Or Traditional Knowledge 

{9}Conservation, Restoration/Management of Biodiversity, 

Ecosystem Services 

{to} Increase Food Security 

{II} Increases or Diversifies Sources of Income Generation, 

{12} Based on Local Inputs, 

{13}Others (Specify) . 

10. Do you think EbA has some challenges? 

A Yes B. No 

11. I f YES, what are some of these challenges? 

Challenges Please TICK ('I) 

{ I } Lack of a clear understand ing 

{2} Lack of enabling policies 

{3} Trade-offs 

{4} Lack of information 

{5} Lack of financial resources 

{6} Institutional resistance 

{7}Inadequate labour 

{8}Ignorance and illiteracy 

{9}Lack of raw materials 
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{IO}Others (Specify) . 

12. What measures have you employed to help educate fanners on the issue of climate 

change and Ecosystem-Based Adaptation? (eg. Awareness campaign .. etc) 

A . 

D . 

B . 

E . 

C . 

F . 

E (Others) . 

13. What are some of the measures put in place by your institution that have influenced 

farmer adaption to climate change? (eg. availability of policies etc .. ). 

A . 

D . 

B . 

E . 

C . 

F . 

E (Others) . 

14. Can you identify some factors that limit farmer adaptation to climate change in the 

Jirapa District? (Eg. Politics, lack of financial support, culture) 

A . 

D . 

B . 

E . 

C . 

F . 

E (Others) . 
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15. Which are some of the supportive incentives and/or indications of an enabling 
environment? 

a. INCENTIVES Please TICK (...J) 
b. Microcredit Availability 
c. Markets For Produce 
d. Appropriate Extension And Information 
e. Supportive Technologies 
f. Insurance Availability 

Others (specify) . 

16. What are some of the POTENTIAL sources of finance for Ecosystem-based 

Adaptation practices? 

A . 

0 . 

B . 

E . 

C . 

F . 

E (Others) . 

17 What are some of the Non-agricultural institutions and/or stakeholders that may be vital to 
sm Ilh Id ' d f EbA? a 0 ers a option 0 

INSTITUTIONS Please TICK (...J) 
MOF 
Financial institutions ( world bank,) 
MoESTI (EPA) 
Ministry of Education 
Insurance companies 
Meteorological stations 
Forestry Commission 
Others (specify) . 
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18 What are the challenges your institution encounters in executing its duties or functions? 
A . 
D . 
B . 
E . 
C . 
F . 
E (Others) . 

19 What are some of the agricultural-based institutions and/or stakeholders that may be vital 
to smallholders' adoption of EbA? 

INSTITUTIONS Please TICK (...J) 
MoFA 
Agriculture Development Bank (ADB) 
NGOs 
IGOs 
FBOs 

Others (specify) . 

20 What are the perverse incentives/barriers that might exist (or arise in the future) to hinder 
farmers' adoption ofEbA practices and which are the possible solutions? 

BARRIERS Please TICK (--J) SOLUTIONS 
Lack of political support 
Lack of information 
Cultural systems 
Lack of stakeholderQarticipati01' 
Lack/inadequate financial power 
Others (specify) . 
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a. 
b. 
c. 
d. 
e. 

24. 

B. 
c. 
25. 

'" 

To what extend do you think that, the involvement of different stakeholders and/or 
institutions is very important to your adoption of EbA practices? 
Strongly Agree 
Slightly Agree 
Slightly Disagree 
Strongly Disagree 
Don't know 

Does your institution integrate or recognize the role of ecosystems in climate change 
adaptation in your plans, programmes or projects? 
Yes 
No 
If No, why? 
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APPENDIX 2 

ILLUSTRATIONS OF SOME ECOSYSTEM-BASED PRACTICES 

a. Ridges/Sand bunds b. Composts site 

c. Mixed Cropping d. Raised Beds 
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e. Cover cropping ("Macuuna" plant) f. Tree planting on farms/Agroforestry 
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g. Vegetation Buffer Strips 

h. Fallow lands at Konzokala 

Sour -,: Field Survey, (2016). 
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