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Abstract: Climatic condition in Africa is worsening with severe impacts on the agricultural sector. Promoting resilience 11 

through adaptive pathways is essential for sustainable agricultural security. This study employed multiple approaches 12 

to gather data from stakeholders across seven African countries, including surveys, key informant interviews, document 13 

reviews, and policy analyses. Data was analysed using Excel and R, with a two-pronged approach focusing on aggre- 14 

gated and country-specific insights. Responses to extreme events like droughts are often autonomous, driven by indig- 15 

enous knowledge and capacities. Effective adaptation practices identified include agroforestry, early warning systems, 16 

altered planting times, migration, alternative livelihoods, and forest fire control, with many showing over 80% impact 17 

effectiveness. The success of these practices depends on local relevance, affordability, simplicity, and the ability to meet 18 

community needs. Agroforestry and early warning systems emerged as particularly viable strategies. The study recom- 19 

mends scaling up and promoting the most promising adaptation practices to strengthen climate resilience across Africa’s 20 

agricultural landscapes. 21 
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1. Introduction 31 

Climate change remains a significant challenge affecting Africa’s climate-sensitive agricultural economy. Sensitiv- 32 

ity rests on the intricate link between climate, agriculture, and ecological systems that support livelihoods and food 33 

security across various economic systems. In line with global climate change trends, many countries in Africa are pres- 34 

ently grappling with the adverse impacts of climate change on agriculture, forestry, and other land- use (AFOLU). The 35 

corresponding outcomes on food security and sustainable development remain a critical source of concern for most 36 

agriculture-focused decisions owing to the unpredictability of climatic variables to prolonged floods or droughts as evi- 37 

denced by irregular and unpredictable rainfall patterns, alteration of biodiversity, and the emergence of pests and dis- 38 

eases that affect animals and over 56% of all crops (FAO, 2009; FAO 2011). The corresponding agricultural impacts 39 

include reduced food crops, livestock production decline, hunger, poverty, and food insecurity.  Concerted attention on 40 
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the impact and effects of climate change stems from the intense pressures exerted on the African economy’s critical 41 

dimensions of food security, namely, food availability, food accessibility, food utilization, and food systems stability (FAO, 42 

2008, 2012). Agriculture systems are stretched as a result of increasingly unpredictable climate conditions, which lower 43 

food output, raise food prices, and make it harder to obtain wholesome food. As it stands, Africa’s food security is 44 

extremely unsatisfactory because the continent trails significantly behind Europe, America, and Asia (Wang et. al., 45 

2025). In addition to adverse effects on economic systems and food insecurity, climate change also poses threats to 46 

human security by reducing water availability and undermining access to essential resources that sustain livelihoods.  47 

 The resultant effects all too often induce deprivation, hunger, and resource competition through conflicts that po- 48 

tentially reinforce downward trends to societal social instabilities. This trend is worrisome when considered in light of 49 

the fact that for each of the estimated 10 °C rise in the earth’s surface temperature, an approximate US$28 loss per 50 

hectare is incurred (Kumssa & Jones, 2010; Brown & Crawford, 2009). Societal instability supports a decline in resource 51 

use-capacity, which increases the level of poverty, low quality, and standard of living (FAO, 2009; Bilcha, 2013; Eriksen 52 

et al., 2008; Pramova, Locatelli, Djoudi & Somorin, 2012). Moreover, changes in climatic conditions, notably increases 53 

in temperature and precipitation patterns, negatively influence biodiversity, exacerbate the already prevailing strain on 54 

the water supply, and worsen the vulnerability of small-scale farming systems (Abegunde, Sibanda & Obi 2019). The 55 

effects of climate change on agricultural productivity in Africa in the face of the attendant population growth and in- 56 

creased food requirement demands; high levels of poverty, infrastructural weakness, lack of modernized technology 57 

and slow response mechanisms, reflect in the high-level vulnerability to climatic vagaries that potentially induce floods 58 

or drought conditions (Stockholm Environmental Institute, 2008, Smith et al., 2014). Almost every sub-region in Africa 59 

is experiencing an increase in food insecurity, with Southern Africa having the highest prevalence at 30.6%, followed by 60 

Eastern Africa (25.9%), Western Africa (17.6%), and Northern Africa (8%) (Ukudo 2024). Global economic losses due 61 

to climate-related agricultural impacts are estimated to reach $23 billion annually by 2050, primarily affecting low-income 62 

nations dependent on subsistence farming (FAO 2022, Abebaw 2025), and low agricultural productivity in developing 63 

countries is caused by non-improved farming practices, land degradation due to over-exploitation, poor enhancement 64 

of services such as agricultural extension, inadequate market access, and climatic factors such as droughts and floods 65 

(Abebaw, 2025). Regions across the globe are experiencing more frequent heatwaves, prolonged warm seasons, and 66 

diminished cold seasons. Vulnerable areas, including Africa, bear disproportionate impacts, compounded by limited 67 

resilience capacities, Omokaro (2025). As a result, the combined effects of soil degradation, water scarcity, and biodi- 68 

versity loss, if left unaddressed, will result in further declines in agricultural productivity, exacerbating the existing prob- 69 

lem of food insecurity. 70 

 Adapting food systems to become resilient to climate change feedbacks is essential for promoting food security 71 

and poverty alleviation. Different countries in the world inclusive of Africa have made efforts to address the impacts of 72 

climate change through the provision of social, environmental and economic incentives for promotion of agroforestry 73 

agriculture through enabling adaptive innovative and ingenious approaches that allow for low carbon pathways. Foreign 74 

governments and International donor organizations have contributed to the provision of incentives to ensure farmers’ 75 

adaptation for effective development of the agricultural sector. Many of these incentives are geared towards increasing 76 

synergies among multiple land-use systems, including long-term management of ecosystems, including sustainable 77 

land management planning and decision making as well as climate change adaptation strategies at a variety of spatial 78 

scales (Janowiak et al., 2012; Pramova et al., 2012; Smith et al., 2014; Bisong, 2007).   Policymakers in various 79 

spheres have also focused on tackling the political, institutional, technical, social and economic challenges associated 80 

with its implementation (Deressa, 2014). However, significant gaps existing the nexus between the human and natural 81 

systems vulnerability status, the adaptation strategies driven by indigenous knowledge, their success levels and the 82 

conditions for their wider adoption across regions. This study bridges the identified gaps, while delineating the practices 83 

of agricultural resilience to climate change and their conditions for wider adoption. This is achieved through assessing 84 

climate change adaptation practices in Africa's agricultural sector, with a view to highlighting the vulnerability of natural 85 

and human systems to climate change through identifying the adaptation of agricultural systems and practices to chang- 86 

ing flood and drought regimes. 87 

 88 

 89 
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1.2. Mainstreaming climate change adaptation strategies for integrated agricultural systems 90 

Climate adaptation in agriculture is crucial, given the increasing risks posed by climate change, including erratic 91 

rainfall, prolonged droughts, and extreme weather events. Various strategies and interventions have been proposed to 92 

improve agricultural resilience, with forest-based intervention, Climate-Smart Agriculture (CSA), agroecology, and pol- 93 

icy-driven interventions emerging as critical areas of focus. 94 

Studies on forest-based adaptation to climate change have often focused on endogenous and autonomous miti- 95 

gation interventions. Various studies that deal with adaptation interventions in drought or flood conditions (Bola et al., 96 

2014; Bishaw et al., 2013; Kalameet al., 2011; Paavola, 2008) target small-holder farms and highlight the critical roles 97 

of exogenous adaptation measures focused on the resilience of agro-ecosystems through social, economic and eco- 98 

logically sustainable agronomic interventions. Verchot et al. (2007), Mbow et al. (2014), Kandji et al. (2006), and Syam- 99 

pungami et al. (2010) as a climate change adaptation and mitigation measure to sustain the viability of agricultural 100 

productivity and livelihoods of farmers.  101 

The practice integrating trees and shrubs into agricultural landscapes has been shown to improve soil fertility, 102 

enhance water retention, and reduce the vulnerability of crops to extreme weather events Similarly, conservation agri- 103 

culture which involves minimum soil disturbance, crop rotation, and permanent soil cover has proven effective in restor- 104 

ing degraded soils, improving moisture retention, and increasing agricultural resilience in areas prone to drought (FAO, 105 

2022, Owoyemi et al., 2025).  However, the widespread adoption of sustainable agricultural practices remains a signif- 106 

icant challenge, particularly in low-resource settings. The high costs of implementing climate-smart technologies, limited 107 

access to credit and financing, lack of technical expertise, and inadequate infrastructure hinder the ability of smallholder 108 

farmers to adopt these practices (Owoyemi et al.,2025)  109 

 Ejiogu and Ejiogu (2010) grouped agricultural adaptations into two levels, with level one depending more on farm- 110 

ers’ inputs, resources, including shifts in planting date, application of irrigation water to crops, and changes in crop 111 

variety to available varieties, among others.  Level two includes adaptations to more substantial changes in agricultural 112 

systems, including investment in agriculture, incentives, infrastructure, and policy. Studies by Hassan and Nhemachena 113 

(2008); Adisa(2012), Nwakwasi et al. (2012), and Bishaw et al. (2013) in identified a number of agricultural production 114 

support systems such as extension, credit, technology, and information about adaptation to climate change as critical 115 

for helping African farmers adapt to climate change. 116 

 Several other studies (Yaro, Bisong & Okon, 2016; Adejo, Edoka, & Adejoh, 2012; Adesiji & Obaniyi, 2012; Adisa, 117 

2012; Bryan et al., 2009; Bisong et al., 2009;  Hassan & Nhemachena, 2008) have focused on the value of indigenous 118 

(endogenous and autonomous) adaptation practices including crop rotation, shifting cultivation, mulching, bush fallow- 119 

ing, use of organic manure, minimum/zero tillage, as well as polycultures or multi-cropping.  However, some studies 120 

present a contradictory scenario of traditional practices in flood and drought interventions. For instance, in a study of 121 

Kanyemba, Mbire District, of Zimbabwe by Bola et al. (2014), adaptation strategies for flood and drought were poorly 122 

achieved as a result of weak monitoring, dearth of facilities and services, poor social cohesion and planning. Whereas, 123 

in the rural coastal communities of Nigeria, principally among the Ilajes, Itshekiris, and Ijaws (Fabiyi & Oloukoi, 2013), 124 

the indigenous knowledge of local meteorology to predict flooding in real time was able to adapt livelihood and social 125 

events to the vagaries of climate change. 126 

The combination of adaptation strategies, including crop diversification, improved irrigation, and indigenous 127 

knowledge practices, offers some resilience but requires substantial policy and financial support. Omokaro (2025) high- 128 

lights the urgency of implementing climate-smart agricultural practices, enhancing infrastructure, and promoting public- 129 

private partnerships to mitigate climate-induced risks. The global agrifood systems are therefore expected deliver on 130 

multiple fronts. It should feed the world, adapt to climate change, and drastically reduce its greenhouse gas emissions. 131 

In response to these challenges, Climate-smart Agriculture (CSA) has emerged as a holistic approach to end food 132 

security and promote sustainable development while addressing climate change issues. 133 

Adger (2003) argued that where community support and cooperation exist, people easily adapt to climate change 134 

impacts. Hence, social capital is an indispensable requirement to adapting to the effects of climate change. The study 135 

by Yaro, Bisong & Okon (2016) recommends synergies between indigenous and planned adaptation to build the adap- 136 

tive capacity of local people. However, Adger et al. (2005), opined that an effective adaptation intervention should reduce 137 

both short- and long-term vulnerabilities without producing negative unintended impacts to the adapting agent. On the 138 

indigenous adaptation strategies adopted by farmers, Enete (2011) identified various practices with relatively high 139 
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profitability indices in Southeast Nigeria, which include multiple, intercropping or agro-forestry, mulching, and purchase, 140 

harvest of water for irrigation, and use of resistant varieties.  Other factors identified as crucial to propelling farmers' 141 

investment in adaptation practices were age, level of formal education, and level of awareness of climate change issues. 142 

Onu & Ikehi (2016) discovered that indigenous land husbandry through micro-climate management practices, agricul- 143 

tural infrastructures, drought-resistant species research, and strengthening laws are effective as adaptation practices in 144 

Nigeria. The study by Seo (2010) conducted across nine thousand farms in Africa demonstrated that integrated farms 145 

are more resilient to global warming than specialized crop farms.  The conclusion derived from some of these studies 146 

suggests that agricultural adaptation efforts should involve the adoption of holistic methods that integrate climate-resili- 147 

ent multi-cropping intervention options (Paavola, 2008; Kalame et al, 2012). Identifying and evaluating adaptation strat- 148 

egies across countries of sub-Saharan Africa is therefore a crucial knowledge gap needing integrated adaptation inter- 149 

ventions to address the climate change challenge. 150 

 151 

1.3. Climate change adaptations: Theoretical underpinnings for adaptation intervention actions 152 

The seminal work by Eisenack & Stecker (2012) provides a unified framework for understanding climate change 153 

adaptation using “climate change adaptation as actions”.  The framework is built around interrelated concepts and 154 

processes as ‘stimuli’, ‘exposure units’, ‘operators’ and ‘receptors. Stimulus is regarded as the ‘change in biophysical 155 

variables associated with climate change’ where exposure units comprise prevailing actors such as social, technical, 156 

ecological, and non-human systems that depend on climate conditions to result in the stimulus. The impact of climate 157 

change is accelerated by the level of interface between the stimulus and exposure unit, or a set of stimuli with a 158 

corresponding set of exposure units. The operators, in the form of individuals or collective actors (e.g., communities, 159 

institutions), include individuals, households, firms, Non-Government Organizations (NGOs), and government agencies. 160 

The actor or system that is the target of an adaptation is the receptor. Receptors can be both biophysical entities, like 161 

the crops of a farmer, or social systems, like the farmer's household, depending on the objective or unit of analysis. 162 

Adaptation enhancement demands that the operator utilize finance, legal authorization, technical capacity, information, 163 

and networks as resources. Barriers are factors that impede the implementation of specific adaptations, such as weak 164 

institutional capacity or budget constraints.  165 

 The significance of the framework is that it is applicable to tracking climate change adaptation and mitigation 166 

measures by multiple actors in diverse ecological zones, as obtained in the African region. Adaptation actions arise in 167 

response to climate stresses from at least one ‘actors’, such as an adaptation implementer. These include operators of 168 

households, firms, government, civil society agencies, and so on. The adaptation also targets beneficiaries as receptors 169 

comprising communities, farms, and families. The status and success of a given adaptation depend on the balance of 170 

influence exerted by barriers and determinants in operation.  171 

2. Research Methodology 172 

This study utilized the purposive sample design to delineate seven sub-Saharan African countries, namely Nigeria, 173 

Ghana, Tanzania, Zambia, Kenya, Ethiopia, and Zimbabwe, as study samples.  These countries are selected based 174 

on geopolitical and ecological settings that adequately capture the study’s diversity in existing agricultural adaptation 175 

frameworks, socio-political structure, and institutions. Nigeria and Ghana represent West Africa, Kenya and Tanzania 176 

represent East Africa, Ethiopia represents the Horn of Africa, and Zambia and Zimbabwe represent Southern Africa 177 

(Figure 1). 178 

2.1. Data collection and method of investigation 179 

This study adopted the mixed-method analytical review process to obtain the required data. This involved using 180 

the stakeholders’ analysis, where multiple perspectives were drawn across the spectrum of experts and professionals 181 

in the public sector, namely Ministries, Departments, and Agencies (MDAs); Development Partners, Community-Based 182 

Organizations (CSOs), Non-Government Organizations (NGOs), and academia across the Agriculture, Forestry, and 183 

Other Land-Use (AFOLU) sectors.  The target respondents were interviewed on climate change adaptation and 184 
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mitigation interventions relevant to their respective sectors and countries. Interactive group discussion sessions were 185 

held with expert key informants at selected agencies during country visits. Other multi-methods employed included 186 

policy document analysis of relevant policy documents related to agriculture and climate change adaptation, such as 187 

the existing National Adaptation Program of Action (NAPA), with the view to delineate and evaluate existing or planned 188 

climate change adaptation and mitigation interventions in the AFOLU context. This provided a viable basis for cross- 189 

regional and country-level comparisons. Additional data were obtained from institutional and agency surveys. Two sets 190 

of e-questionnaires, containing both structured and unstructured questions, were designed to obtain data on impact 191 

areas such as climate vulnerability patterns, critical adaptation interventions, the success of given interventions in im- 192 

proving livelihoods, and conditions for adoption. The first set of questions was targeted at policymakers and MDAs, as 193 

well as NGOs & CSOs involved in climate change adaptation and mitigation interventions. The second sets of questions 194 

were directed to project managers of specific climate change adaptation projects related to agriculture. Three hundred 195 

and six (306) copies of a first-set questionnaire were sent to focal persons of AFOLU-related MDAs, CSOs, and research 196 

institutions. Seventy-seven (77) copies of the second-set questionnaire were sent to specific adaptation projects in 197 

agriculture in the countries sampled. 198 

The data analysis assessed the success of various impacts and adaptation interventions using percentage rank- 199 

ings. In addition, a weighted scale from 0 – Nil to 5 – High was applied to various impact areas. The scores were 200 

transformed to percentages to determine their success levels on aggregated or specific impact areas. Descriptive sta- 201 

tistics, such as means and standard deviations, were calculated and used to analyze response frequencies. The as- 202 

signed success levels are:< 20 = No Impact; 20 - < 40 = Very Low;40 - < 60 = Low; 60 < 80 = Moderate;80 - 100 = High. 203 

Data collation and analysis were carried out using Excel and R statistics. A two-prong analysis involving aggregate data 204 

representing the continent and disaggregated data for a specific scenario or cross-country analysis was adopted. Matrix 205 

ranking was also used in rating the study variables. 206 

  207 

 208 
Fig. 1: The study region showing country selection 209 

Source: Open Africa (2020 210 

 211 

 212 

 213 
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3. Results 214 

3.1. Climate impact and vulnerability patterns on agricultural adaptation trends  215 

Fifteen variables of climate change impacts on agriculture are identified within the study region are shown in Figure 216 

2. These include conflicts, drought, floods, heatwave, invasive species, crop failure, migration, and bush fire, among 217 

others. The findings revealed the dominant climate change percentage indicators considered to include 218 

droughts(21.47%), floods (20.34%), crop failure (19.2%), and bush fires (14.68%) as critical among the selected climate 219 

change impact. This is in comparison to other low impacts, such as conflict (0.56%) and sea level (0.56%). 220 

 221 

 222 

 223 

 224 

 225 

 226 

 227 

 228 

 229 

 230 

 231 

 232 

 233 

 234 

 235 

 236 

 237 

 238 

 239 

Fig. 2: Climate change impact variables 240 

3.2. Socio-economic vulnerability in Africa to climate change adaptation pathways 241 

The vulnerability of human and natural systems to climate change variables and their prevailing socio-economic 242 

indices remains critical in gauging the adaptation pathways of systems. Figures 3a-3f illustrate the responses to the 243 

major critical socio-economic vulnerabilities to first-order impacts of climate change variants based on country-specific 244 

levels. It is seen from Figure 3a that the significant vulnerability indicators in Nigeria are hunger and food insecu- 245 

rity(17.65%), poverty (13.75%), and displacement or migration (11.76%).  In Tanzania, Figure 3b illustrates that pov- 246 

erty(33.33%)is regarded as accounting for a high vulnerability, as indicated by other indicators such as income reduc- 247 

tion, food insecurity, death of livestock, and diseases (11.11%) respectively. 248 

 249 
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 266 

 267 
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 269 

 270 

Fig. 3a: Climate change socio-economic vulnerability in Nigeria 271 

 272 

 273 

 274 

 275 

 276 

 277 

 278 

 279 

 280 

 281 

 282 

Fig. 3b: Climate change socio-economic vulnerability in Tanzania 283 

 284 

The climate change socio-economic vulnerability in figure 3c portrays the vulnerability for Zambia as hunger and 285 

food insecurity (31.25%), low agricultural yields (16.75%); low income (12.5%), diseases (12.5%) and decline in energy 286 

(12.5%). The Ghana scenario (figure 3d) also reflects poverty (21.05%), low yields (15.79%) and low income (15.79%).  287 

Vulnerability considered in Kenya (Figure 3e) pinpoints hunger (25%) as critical in addition to loss of livelihood (16.67%) 288 

and loss of livestock (16.67%). In Zimbabwe (3f), the socio-economic vulnerability tilts to malnutrition (33.33%) alongside 289 

reduction of crop yields, diseases, loss of livestock and livelihood (11.11%) respectively.  290 

 291 
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 306 

Fig. 3c: Climate change socio-economic vulnerability in Zambia 307 
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 321 

Fig. 3d: Climate change socio-economic vulnerability in Ghana 322 
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 335 

Fig. 3e: Climate change socio-economic vulnerability in Kenya 336 
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 339 

Fig. 3f: Climate change socio-economic vulnerability in Zimbabwe 340 

 341 

3.3. Biophysical vulnerabilities in agricultural settings for integrated adaptation 342 

The integration of prevailing biophysical vulnerabilities with agricultural interventions is essential to sustaining 343 

climate change adaptation options. It is imperative to profile the existing biophysical vulnerabilities within the study 344 

samples (Figures 4a - 4f). The core biophysical vulnerabilities for Nigeria (Figure 4a) are deforestation (23.09%), water 345 

pollution (15.23%), soil or land degradation, and biodiversity loss (11.54%), respectively. The Ghana case-study (figure 346 

4b) highlights loss of biodiversity and water insecurity (22.22%) respectively as critical biophysical vulnerabilities of 347 

climate change. This is in addition to both land degradation and forest cover loss (16.66%). 348 

 349 
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 360 

Fig. 4a: Bio-physical vulnerability in Nigeria       Fig. 4a: Bio-physical vulnerability in Ghana   361 

 362 

Climate change bio-physical vulnerabilities in Tanzania and Kenya (figure 4c-d) reflect significant impact on 363 

biodiversity. This accounts for the extremely critical 100% consideration in Tanzania. A75%vulnerability, followed by 25% 364 

of habitat loss in Kenya is applicable as observed (figure 4d). Environmental degradation (50%) is considered as a 365 

critical bio-physical vulnerability in Zimbabwe (figure 4e), alongside the reduction of flora and fauna and water pollution 366 

(25%). In Zambia, deforestation and land degradation (33.33%) reflect a distinct indicator of biophysical vulnerability in 367 

addition to change in rainfall patterns, destruction of non-timber forested products (NTFPs), habitat destruction, water 368 

scarcity, loss of biodiversity respectively gauged at 11.11%. 369 
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 370 

Fig. 4c: Bio-physical vulnerability in Tanzania       Fig. 4d: Bio-physical vulnerability in Kenya 371 

 372 

 373 

Fig. 4e: Bio-physical vulnerability in Zimbabwe             Fig. 4f: Bio-physical vulnerability in Zambia 374 

 375 

3.4. Adaptation intervention actions in the agricultural sector of Africa 376 

Cross regional extant adaptation intervention practices in drought conditions within the agricultural sector is 377 

justified by the interconnectedness of adaptation mechanisms to induce actions (Einsenack & Stecker, 2012).This 378 

framework, applied to water resource management, irrigation techniques, drought tolerant cultivar or breeds; early 379 

warning systems and agroforestry, provides a profile to delineate the structure of adaptation options in the African region. 380 

Attention is given to the adaptation type, operators or implementers that drive each intervention, means or resources 381 

available to the implementers. Adaptations including individual, household or community are referred to as autonomous. 382 

Adaptation practises largely driven by government and other corporate institutions are planned. Majority of adaptation 383 

options are principally driven as direct, autonomous and planned with the involvement of small- and large-scale 384 

partnerships. Tables 1-3 provide the adaptation intervention patterns across the eastern, western and southern African 385 

regions. These interventions are largely driven by a net pool of actions that are unique to the existing adaptation 386 

requirements. In the Eastern region, comprising Ethiopia, Kenya and Tanzania, adaption practices include rainwater 387 

harvesting, watershed protection; construction of dams, reservoirs and ponds (Table 1). Flood conditions adaptation 388 

interventions are typified by the use of agroforestry and multi-cropping, indigenous knowledge and migration. Drought- 389 

resistant species and the promotion of improved or productive animal breeds arefrequently employed for drought-prone 390 

species. Early warning systems make use of scientific knowledge and advanced technological information on drought 391 

and flood to enhance the resilience of vulnerable communities. These actions are fostered through the various 392 

households, community, Ministries, Departments and Agencies (MDAs) amongst other institutions.  393 

 394 
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Table 1: Adaptation Intervention for the Eastern African region (Ethiopia, Kenya & Tanzania) 397 

Adaptation 

Intervention 

Adaptation 

Practices 

Type Operator (Implementer) Means 

 

 

 

Water 

management 

 

Rainwater harvesting Autonomous 

reactive &Direct 

Individual/household of 

resource users 

Individual/household 

resources, capacity building 

by Non-Governmental 

Organizations & donor 

agencies 

Water shed protection 

 

Autonomous/plan

ned, direct & 

facilitating 

Community; Ministries, 

Departments &Agencies 

(MDAs) 

Donor Agencies; Community 

resources, NGOs capacity 

building & legal authority  

Dam and réservoirs 

construction 

Planned, 

anticipatory 

&Facilitating 

Ministry of Water, 

Irrigation & energy  

Funding by donor agency  

 

 

 

Flood Condition  

Construction of Dams 

and ponds  

 

Autonomous/plan

ned, Direct & 

reflexive 

Farmers, Ministry of 

Agriculture and 

Environment; Forest, 

&NGOs 

Community resources, 

extension services 

Timing/changing 

planting period 

Autonomous/plan

ned, Direct & 

reflexive 

 

Community, Farmers, 

Ministry of Agriculture & 

natural resources  

Indigenous Knowledge, 

community resources, 

extension services 

Migration Autonomous & 

Reactive 

Farmers/community  Indigenous Knowledge 

 

 

 

 

 

Drought Tolerant 

Species 

 

Drought resistant and 

early maturing cop 

varieties. 

(Drought Tolerant 

Maize for Africa 

(DTMA) Project) 

Planned, 

Reactive; Direct & 

facilitating 

 

Capacity building IITA & 

CIMMYT; funding by the 

Bill & Melinda Gates 

Foundation and the 

Howard G. Buffett 

Foundation. 

Ministries, Departments 

&Agencies (MDAs) in 

agriculture; International 

Maize and Wheat 

Improvement Center 

(CIMMYT); International 

Institute of Tropical 

Agriculture (IITA); IFAD; 

Non-governmental 

Organizations (NGOs)& 

CBOs 

Promotion of 

improved/productive 

animal breeds  

Planned& Direct 

 

Climate Resilient Green 

Economy (CRGE)  

Ministries, Departments 

&Agencies (MDAs) in 

agriculture 

Early Warning 

Systems 

 

Using scientific 

knowledge and 

advanced 

technological 

information on 

Planned; 

Anticipatory & 

Direct 

 

Weather information; 

Funding from 

government 

Agricultural Research; 

Ministries, Departments 

&Agencies (MDAs) in 

Environment, Agriculture and 

Forestry; Non-governmental 
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drought and flood to 

enhance the 

resilience of 

vulnerable 

communities  

Organizations & Community-

Based Organizations 

Agroforestry Multipurpose trees 

 

Autonomous/plan

ned & Direct  

 

IK, Environment 

Protection Authority; 

Forestry Commission 

Community & Ministry of 

Agriculture 

 398 

 The adaptation intervention in the western region of Nigeria and Ghana illustrate the actions that characterize 399 

integrating various practices into water management, flood conditions, drought resistant species, early warning systems 400 

and agroforestry. The major adaptation type includes autonomous, direct and reflexive (Table 2). The agroforestry 401 

initiatives include the use of mixed tree and crop farming. The operator or implementer range from the community to 402 

appropriate Ministries, Departments and Agencies (MDAs) in agriculture and relevant affiliate institutions. Indigenous 403 

knowledge systems, funding from public and private sectors, community resources constitute viable means to activate 404 

the adaptation actions.  405 

 406 

Table 2: Adaptation Intervention and the Western African region (Nigeria and Ghana) 407 

Adaptation 

Intervention 

• Adaptation Prac-

tices 

Type Operator (Implementer) Means 

 

 

 

 

Water management 

Protection of 

catchment 

 

Autonomous, 

direct & reflexive  

Community Indigenous knowledge; 

community resources& 

legal authority 

Construction of Dams 

 

Planned, 

anticipatory; direct 

& facilitating  

Ministry of Water 

Resources, Agriculture & 

River basin Authority 

Funding from 

government& donor 

agencies. 

Development of pond 

 

Planned& 

facilitating 

MDAs in Agriculture and 

Forestry 

Funding from 

government& donor 

agencies 

Crop integration with 

livestock 

 

Planned, 

Autonomous, 

direct & reflexive 

Farmers; MDAs in 

Agriculture and Forestry 

Funding from government 

&donor agencies 

Flood Conditions 

 

Dam construction and 

embankment at flood 

plains, migration to 

other areas, use of 

species with short 

maturity time 

Planned & Direct 

 

Ministry of water 

resources and housing; 

Water resource 

commission; MOFA 

 

Funding from 

government; NGOs; 

Capacity building, 

community resources 

River basin 

management, 

embankment in areas 

along coastal areas  

Planned & Direct 

 

Ministry of Water 

Resources; River Basin 

development Authority, 

Ministry of Environment 

Funding from 

government; NGOs; 

Capacity building, 

community resources 
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Drought Tolerant 

Species 

 

Drought resistant 

crops such as 

cassava and maize 

(DTMA Project) 

Planned& direct 

 

Capacity building IITA & 

CIMMYT; funding by the 

Bill & Melinda Gates 

MDAs in Agriculture IITA; 

CIMMYT, 

Planting drought 

resistant feeds. 

Planned& direct  

 

Funding from 

government; Capacity 

building, community 

resources 

Ministry of Food and 

Agriculture (MOFA); 

Early Warning 

Systems 

 

Provision of weather 

information on 

drought and flood 

Planned; 

Anticipatory & 

Direct 

 

Funding from 

government; capacity 

building from NGOs 

Meteorological Agency 

Indigenous 

knowledge system 

using various 

indicators for 

predictions;  

Autonomous; 

Anticipatory & 

Direct 

 

Indigenous knowledge Community 

Agroforestry Mixed tree and 

crop farming  

 

Autonomous  

 

Adaptive capacity by 

NGOs 

Community 

 Livestock-­crop  

integration, 

 

Autonomous & 

facilitating 

 

IK; Government Funding, 

CSOs capacity building 

Community, MDAs in 

Agriculture 

 408 

Zambia and Zimbabwe utilize adaptation interventions in water management and flood prone areas that involve 409 

water harvesting, river basins management, inter-basin water transfer and migration. These interventions are essentially 410 

planned and comprise of construction of dams and ponds, timing of planting seasons, use of species with short maturing 411 

period and embankment along coastal areas (Table 3). 412 

 413 

Table 3: Adaptation Intervention and the southern African region (Zambia and Zimbabwe) 414 

Adaptation 

Intervention 

Adaptation 

Practices 

Type Operator 

(Implementer) 

Means 

 

 

 

 

 

 

Water 

Management 

Water 

harvesting  

Autonomous & 

facilitating 

Community resources, 

Indigenous knowledge 

Community 

River basins Basin 

management, 

(African dams 

project) 

 

Planned and 

facilitating 

 

Donor funding (CCES) Zambezi River Authority 

(ZRA); Ministry of Energy 

and Water Development; 

Swiss competence center 

of environment and 

sustainability (CCES) 
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Networking of dams 

and weirs; water 

transfer 

Planned; direct 

&facilitating 

 

Donor Funding; 

national government  

Ministry of water 

resources; Ministry of 

Tourism Environment and 

Natural Resources 

 

 

Flood Condition 

Inter-basin water 

transfer to areas of 

scarcity, 

 

Planned & Direct 

 

MDAs in water 

resources; Agriculture; 

Environment; Natural 

Resources  

Energy & climate 

change 

 

Funding from international 

donors & government; 

NGOs; Capacity building, 

community resources 

Migration Reactive and 

reflexive 

Community Community 

Drought Tolerant 

Species 

 

Promoting early 

maturing and 

drought tolerant 

crops (DTMA 

Project) 

 

Planned &direct 

 

Support from IITA & 

CIMMYT; funding by 

the Bill & Melinda 

Gates Funding by 

government; Capacity 

building by Non-

Governmental 

Organizations (NGOs) 

Ministry of Agriculture and 

Cooperatives, 

Early Warning 

Systems 

Research and 

provision of data 

Anticipatory & Direct 

 

Government funding; 

International donors 

Meteorological Agency 

Use of indigenous 

knowledge for 

climate change 

forecasting and 

early warning 

systems. 

Autonomous and 

Direct 

 

Indigenous knowledge Community; Non-

Governmental 

Organizations 

Agro-Forestry Catchment 

area rehabilitation 

through Agro-

forestry, trees and 

fodder,  

Planned &Direct 

 

Incentives by govt.  Ministries, Departments & 

Agencies in Agriculture, 

Forestry, Environment, 

Water and Climate change 

 415 

 416 

 417 

 418 

 419 

 420 

 421 

 422 

 423 
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3.5. Promising practices on AFOLU-based adaptation measures and conditions for wider adoption 424 

 The most successful adaptation interventions within the study region were determined using a pooled, aggregated 425 

rating of 46 interventions. These included awareness and sensitization; collaboration of stakeholders, agroforestry, 426 

capacity building, rainwater harvesting, alternative livelihood, control of forest fires; ecological restoration, enterprise 427 

diversification, extension services for climate-smart agriculture, early warning system; irrigation; plantation 428 

establishment, REDD+ adoption, and utilization of high-yielding cultivars or breeds, and so on (Figure 5).  The 429 

interventions were classified based on their effects on livelihood improvement, the extent to which target beneficiaries 430 

were reached, the extent of adoption, the utilization of the interventions, the extent of women's participation, and the 431 

extent to which the targeted climate change challenge was resolved. On the aggregate basis, eleven climate change 432 

adaptation interventions are evidently considered as highly successful in attaining a score of 80% and above on the 433 

weighted scale. These include i) agroforestry  in Nigeria, Tanzania, and Zimbabwe; ii) alternative livelihood within 434 

Ghana & Zambia, iii) control of forest fire and iv) ecological restoration in Nigeria; v) enterprise diversification in addition 435 

to vi) extension services for climate smart agriculture in Zambia; vii) irrigation  and  viii) plantation establishment in 436 

Ghana; ix) REDD+  in Zimbabwe)  use of high-yielding cultivars/breeds in Kenya and xi) the use of drought-resistant 437 

cultivars in Ghana.  438 

 439 

  440 
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 441 

 442 
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 463 

 464 

 Fig. 5: Adaptation intervention success levels on agriculture in Africa.  465 

 466 
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3.6. Conditions for wider adoption of adaptation practices 469 

Agriculture greatly affects the viability of human survival. Hence, significant advanced reasons are advanced for 470 

the wider adoption of the more successful adaptation intervention (Figure 6). The obvious being that most preference 471 

for climate change adaptation should be predicated on its applicability, wherein it is easy to adopt in terms of cost and 472 

technique (12%).  Further conditions include community support and participation (8%), capacity of the intervention to 473 

directly address the needs of people (8%), a high level of sensitization and awareness (8%), among other more obvious 474 

results. 475 

 476 

 477 

 478 

 479 

 480 

 481 

 482 

 483 

 484 

 485 

 486 

 487 

 488 

 489 

  490 

  Fig. 6: Determinants of wider adoption of adaptation practices 491 

 492 

4. Discussions 493 

The alarming rate and impact of climate change on agriculture in Africa as evidenced by the continent’s climate 494 

unpredictability in rainfall and temperature (Chichongue, Karuku, Mwala, Onyango & Magalhaes, 2015) is evident. Sev- 495 

eral adaptation practices have been adopted by farmers and other resource users to cope with climate change.  These 496 

include, but are not limited to, water resource management, irrigation techniques, drought-tolerant cultivars/breeds, 497 

early warning systems, and agroforestry systems.  These interventions are largely planned, i.e., driven or implemented 498 

by public institutions (government agencies, NGOs, or development partners), or a blend of autonomous (driven by 499 

individual, household, or community resources and skills that rely on indigenous and local knowledge) and planned 500 

adaptation. This is in line with the assertion by IPCC (2007) and Sumelius et al (2009) that adaptation in the context of 501 

climate change can be typified as anticipatory, reactive, autonomous, and planned. The most successful practices in 502 

different countries include agroforestry, alternative livelihoods, forest fire control, and ecological restoration, among oth- 503 

ers. Agroforestry, for instance, showed high success levels between 80-100%, particularly in Nigeria, Tanzania, and 504 

Zimbabwe. This is in sync with the findings of Verchot et al. (2007) that, while agroforestry may play a significant role in 505 
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mitigating climate change in tropical subsistence agriculture, it also helps smallholder farmers adapt to climate change. 506 

As observed by Syampungani et al. (2010) and Kassam et al. (2012), agroforestry and other land management practices 507 

have strong potential to boost food production and reduce the effects of climate. 508 

These practices can be made effective and widely adopted under certain conditions. These conditions involve 509 

making interventions easier to adopt in terms of cost and technique, fostering community support and participation. It is 510 

also vital to ensure that interventions directly address the needs of people for it to be successful. A high level of sensi- 511 

tization and awareness, together with proper implementation strategies, cultural acceptance, engagement, and a sense 512 

of project ownership and political will, will provide a solid basis for achieving these intervention adaptations. The absence 513 

of autonomous/endogenous adaptation mechanisms for flood control and flood prediction in the forestry sector in the 514 

National Adaptation Program of Action (NAPA) documents of all countries investigated testifies to the limited recognition 515 

accorded to indigenous knowledge systems by policy makers and practitioners on the continent. This is despite the 516 

abundant evidence of the value of these systems in providing effective coping mechanisms to flood-related problems 517 

for many communities in the coastlines and wetter regions of the continent. There is therefore a need to integrate the 518 

traditional and conventional systems of flood prediction and control in Africa’s forestry sector. It is also important to 519 

assign high priority to adaptation practices that are highly resilient to climate change with adaptation benefits (FAO, 520 

2009b). Identifying these specific practices serves as a veritable roadmap for farmers and other resource users for 521 

broader adoption across the region. 522 

5. Conclusion 523 

African countries are highly vulnerable to ecological distortions that induce spates of droughts, flooding and crop 524 

failure as triggered by climate change. These impacts have resulted in severe social and economic insecurities, includ- 525 

ing loss of biodiversity, poverty, and food insecurity. The adaptation measures employed in the study regions are typified 526 

by planned, autonomous, or combined interventions. Practices geared towards sustainable land and forest management 527 

are the prominent adaptation action in Africa. However, these practices require a harmonious condition for their wider 528 

adoption.  Given the huge existing potential value of the region in the midst of limited resource capacity, there is an 529 

urgent need to embrace practices that encourage planned adaptation interventions, collaboration, and synergies of 530 

public agencies for maximum impact.  Indeed, numerous adaptation measures and interventions have been adopted 531 

by farmers and other resource users within different countries. However, climate-smart agriculture, agroforestry, sus- 532 

tainable land-use management for alternative sustainable livelihoods, and ecological restoration, among others, are 533 

adaptation practices across Africa. Up-scaling these adaptation interventions within contemporary technological frame- 534 

works to adequately stimulate extensive value for improved productivity is essential. A system must be in place to 535 

disseminate climate change and adaptation information at various levels. Moreover, building adaptive capacity through 536 

community efforts requires strong collaboration and political support from decision-makers, as well as an understanding 537 

of the depth of the impact to proffer solutions towards adaptation.  538 
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