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Abstract 

Forest provides services, directly linked to micro and macro environment, water and soil 
resources, plants and animals' diversity, food production and security and energy resources. 
This study contributes to other studies and growing literature on climate change impacts and 
adaptation strategies in the Congo Basin forest, particularly Cameroon's forest region. 
Mambioko has a four-season climate, with annual precipitation of 2000–3000 mm and 
temperature variations of 21.8–30.8 ◦C, most of its agriculture is rainfed. It has an evergreen 
or semi-deciduous rainforest corresponds to the ""humid"" and "low- and medium-altitude sub-
humid" eco-floristic zones. This study is carried out to identify and assess climate change 
impacts on the livelihoods of forest-dependent communities in Mambioko community forest 
in Cameroon. Primary data were collected from 85 households; key informants, and focus 
group discussions and were supplemented with secondary data from a desk review of relevant 
literature. The study shows that climate change impacts the major livelihood activities of forest-
dependent communities through prolonged drought, erratic rainfall patterns, and variability in 
rainfall intensity. Four of the critical activities of local communities impacted by climate 
change are agriculture, hunting, fishing and collecting non-timber forest products. People 
respond to the negative impacts by adopting simple irrigation systems, crop diversification, 
alternative livelihood activities, and increasing their farm sizes. This study concludes that 
future interventions to help forest-dependent communities cope with climate change impacts 
will require pursuing alternative non-climate-dependent livelihood activities, increasing access 
to climate information, and adopting sustainable agricultural and forest management practices. 
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Introduction 

The past climate changes are responsible for the recently impacts on natural and human systems 
globally. There is strong evidence of climate change impacts. The evidence is very 
comprehensive within the natural systems. Various impacts is linked to the climate change and 
their minor or major contributions are distinguishable from other influences with the human 
systems (Niang et al, 2014). As climate change gives rise to more frequent and devastating 
severe storms, droughts, and wildfires, an increasing number of communities worldwide are 
facing existential threat due to continued damage to already vulnerable water and electricity 
infrastructure (Godart & Hart, 2020). Thus, scholars believe that the climate change 
vulnerability directly affects the livelihoods of ' 'farmer's whose activities are highly dependent 
on natural resources, leading to accelerated rural–urban migration (Barrios et al., 2006). 
Insecurity related to agricultural production within a climate change scenario is likely to make 
rural households to respond in ways that are not yet well understood. In the context of 
interactions between humans and the natural environment, migration has been identified as a 
potential adaptation response to adverse climate effects (Nawrotzki et al., 2015; Viswanathan 
& Kumar, 2015; Bohra-Mishra et al. 2017; Nawrotzki & Bakhtsiyarava 2017; Falke et al. 
2006). Compelling evidence has suggested that because shifts in average and variability of 
temperature and rainfall levels lead to a decline in agricultural income, employment 
opportunities, or food security, the climate–migration nexus is mostly intermediated by the 
agricultural channel (Cattaneo & Peri 2016; Falke et al. 2006). Even extreme restraint of 
greenhouse gas emissions can only slow the pace of temperature increases, given that past 
emissions remain in the atmosphere (IPCC 2018). The 0.7 °C rise in global temperatures over 
the past 30 years (or 1 °C over the past 50 years) is significantly higher than in any equivalent 
period during the last 10,000 years (Marcott et al., 2013). Sub-Saharan Africa is the region in 
the world most vulnerable to climate change. Rising temperatures, rising sea levels, and rainfall 
anomalies are increasing the frequency and intensity of natural disasters and are markedly 
transforming the ' 'region's geography (IPCC, 2018). 

Over the last two decades climate change adaptation has emerged as a central and now 
acknowledged component of the international climate change policy and research agenda 
(Klein et al., 2014; Owen, 2020; Swart et al., 2014). The Paris Agreement and its Article 7 
have secured a prominent platform for climate adaptation as a key issue for global governance 
(Persson, 2019). Adaptation received its own ISO standard [ISO 14090] in 2019, cementing it 
further as a distinct area of research, policy and practice. Specific climate change adaptation 
conferences, such as the Adaptation Futures series, have been running since 2010 and new 
scientific degrees and professional certifications are being developed specifically for climate 
adaptation. That climate change adaptation literature is flourishing is evidenced also by the 
rapid expansion of the number of publications with a focus on climate change adaptation (Di 
Matteo et al. 2018; Giupponi & Biscaro, 2015; Hauschild., 2016; Preston et al., 2011, 2013) 
Adapting to a changing climate and managing climate risks are increasing worldwide concerns 
(Moss et al., 2013; IPCC, 2014). Evidence of climatic changes and increasing frequency and 
intensity of extreme weather events is mounting, as recognized in the Assessment Reports (AR) 
of the Intergovernmental Panel on Climate Change (IPCC). It is also clear that climate change 
will accelerate under current and projected greenhouse gas emissions (Bauer et al., 2012; Adger 
2006; CCC, 2017). As the importance of adaptation has been emphasized through international 
agreements (Lesnikowski et al., 2017), the functions and roles of national level adaptation 
actions also have been emphasized (Storbjork ¨ and Hedr'en, 2011; Mullan et al., 2013; 
Eisenack et al., 2005; Waters et al., 2014; Berrang-Ford et al., 2014). Also, several national 
adaptation policies and plans have being developed since 2007 (IPCC, 2014). Despite the 
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substantial progress of national adaptation policy, issues related to the effectiveness of national 
adaptation policies have been raised, and ' “adaptation”gaps’ are constantly reported (UNEP, 
2018).Adapting to climate change is critical to safeguarding and further advancing hard-earned 
improvements in incomes, education, and health across sub-Saharan Africa over the past three 
decades. However, adaptation will be especially challenging given”countries’ limited capacity 
and financial resources. Several studies have clearly shown the importance of advancing 
economic development in raising resilience to climate change and improving coping 
mechanisms (Hallegatte et al., 2016, 2017).Climate change-induced natural hazards increase 
both in magnitude and frequency, thereby threatening the stability and sustainability of social-
ecological systems. Society must adapt its economic, institutional, political and social practices 
to protect the physical environment on which it depends from anthropogenic climate change 
(IPCC, 2012). Global responses to man-made climate change focus on adaptation and 
mitigation efforts. Planned adaptation efforts are geared towards minimizing the risk of an 
already occurring climate change, while taking advantage of associated opportunities (World 
Bank, 2012). However, the uptake of decision support tools by non-scientific stakeholders 
(local communities) is challenging due to many factors (including prohibitive financial cost, 
top-down design of the tools, poorly designed participation processes and technical 
complexity). These explains local communities' low uptake of decision support tools, 
especially in developing countries (McIntosh et al., 2011; Abbas et al., 2016). The agricultural 
sector is sensitive to climatic conditions, and it has become one of the most susceptible sectors 
affected by the menaces and effects of global climate change. Notwithstanding its huge 
contribution to the economy, it has been facing constant and earnest challenges of many factors. 
Instances of climate-related disasters like floods and drought, are notably the major ones, 
climate variability adversely affects agricultural sector and the situation is exacerbate in the 
future (Organization for economic co-operation and development (OECD, 2015). Cameroon is 
threatened by climate change and climate variation. Government support for the small-scale 
farming sector is grossly inadequate (Mugiya and Hofisi, 2017). The consequence is seen in 
the increasing numbers of Cameroonians (about 3.9 million, or 16 percent) facing moderate to 
severe food insecurity (WFP, 2017). In the forest zone of Cameroon, recent studies indicated 
that climate change is already harming the livelihood strategies of rural people (Bele et al., 
2013). Drought, changing seasons, erratic rainfall patterns, heavy rainfall, and strong winds are 
among the main climate-related disturbances perceived by local people. It has being realized 
that at the local level coping strategies have been developed. Still, there is a limit to broader 
community resilience that is being fostered at the individual level (Bele et al., 2013). While 
small-scale farmers living in areas of high environmental stress in the developing world may 
be highly capable of adapting to short and long-term climatic and environmental variations 
(Challinor et al., 2007). It is important to understand and know the impact of climate change 
on the livelihoods of the forest-dependent communities and the respond of these communities 
within the context of their adaptation strategies which in future will reduce their vulnerability 
and enhance their livelihoods activities. In Cameroon, climatic variability (with the dry season 
becoming drier and the rainy season becoming wetter) is observe from country’s climate data 
(Molua and Lambi, 2006, 2007). An increase in the rainy season may also give rise to other 
impacts, such as pre-harvest and post-harvest damage of food and cash crops, due to limited 
resources for preservation and lack of preparedness. Such damages can be seen within the 
context of income shocks likely having a larger impact on the poor (Kurukulasuriya, 2006). 

Conceptualizing vulnerability based on IPCC-AR5 framework 

The Fifth Assessment Report of the Intergovernmental Panel on Climate Change, i.e., IPCC-
AR5 (IPCC, 2014) defines the risk of climate change at the intersection of’ ‘Hazard',’ 
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‘Exposure' and’ ‘Vulnerability'. In this modified risk-assessment framework,’ ‘vulnerability' is 
conceptualized as an ‘internal property of a system’. It represents the propensity or 
predisposition of the system to be adversely affected, independent of hazard and exposure. 
While mitigating climate hazards and reducing exposure are relatively long-term goals, 
governments and development agencies may address climate change adaptation most 
effectively by reducing vulnerability in the short and medium term. 

Sensitivity: Sensitivity refers to the degree to which a system or species is adversely or 
beneficially affected by climate variability or change’ (IPCC, 2014). It determines the first-
order impact of a hazard or stressor on the system. The effect may be direct (e.g., change in 
crop yield in response to a change in the mean, range, or variability of temperature) or indirect 
(e.g., damages caused by an increase in the frequency of coastal flooding due to sea-level rise). 

Adaptive capacity: Adaptive capacity is being defined as “the ability of systems, institutions, 
humans, and other organisms to adjust to potential damage, to take advantage of opportunities, 
or to respond to”consequences’ (IPCC, 2014). For example, if a comprehensive crop insurance 
system is in place, farmers can cope with crop damage caused by hazards such as floods or 
drought. The IPCC AR5 (IPCC, 2014) also states: The first towards adaptation to future climate 
change is reducing vulnerability and exposure to present climate variability. 

Aligning livelihood strategies and natural resource management along new trajectories of 
climate risks and livelihood adaptation is essential in national policies and programs geared 
toward reducing the vulnerability of forest-dependent communities (Sonwa et al., 2011a). 
Private businesses such as logging and mining companies operating in and around communities 
are relevant in facilitating and building community capacity. Lastly, civil society organizations 
such as community-based membership organizations and cooperatives offer great facilitation 
and capacity building opportunities in local communities (Agrawal, 2008).This study 
contributes to other studies and growing literature on climate change impacts and adaptation 
strategies in the Congo Basin, particularly Cameroon's forest region. 

This present study is to attain the following objectives: to identify major climate-sensitive 
livelihood activities at the household level: local community dependency on major climate-
sensitive livelihood activities; to examine the local perceptions on climate change impacts on 
major livelihood activities and socio-economic vulnerability, and the available coping and 
adaptation strategies. 

Descriptions of the study area 

Cameroon is bordered by Central African Republic 797 km, Chad 1,094 km, Republic of the 
Congo 523 km, Equatorial Guinea 189 km, Gabon 298 km, Nigeria 1,690 km. Community 
forests management in Cameroon emerged after the 1994 Forestry law. The law gave rights to 
communities to manage a forest area not exceeding 5000 hectares, after a management 
agreement between village community and state forests administration, for a period of 25 years 
renewable after every 5 years (GoC, 1995).The site selected for this study (Mambioko) is about 
40 km away from the chief town of the Ngambe-Tikar subdivision. 

The study site is chosen based on the accessibility, number of villages, and dependency of the 
community on climate-sensitive livelihood activities. The study site is covered by a community 
forest name "Chily Revolution Verte du Cameroun" (CRVC) (Fig. 1). CRVC community forest 
was created in 2009 with a total surface area of 4998 ha, and its fall in bi-modal moist forest 

4



agro-ecological region with an annual rainfall range of 1500–3000 mm;mean temperature of 
about 23 °C (Bele et al., 2013), and a population of about 800 inhabitants with a population 
density of about 7 people per km2. They are in the transition zone between Northwestern 
Congolian lowland forests and Northern Congolian forest-savanna mosaic. The local economy 
is being based on the exploitation of natural resources including timber agriculture, hunting, 
fishing, and non-timber forest products (NTFPs). 

 
 
Fig. 1. Layout map of the study site 
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Socio-economic and livelihood attributes: Mambioko village is made up of. about 800 
inhabitants the majority of the population is tikar. The other ethnic groups present are in order 
of importance the Yamba, the Mambila and the Mbororos. In addition to subsistence and 
commercial farming for income, village women are involved in household chores or they are 
responsible for managing the household. They are also involved in associative movements, 
“tontines” that serve as savings. The main activity is agriculture in Mambioko village. 

All households practice subsistence agriculture (men, women and youth); these crops are 
cultivated mainly in individual fields. The main crops are (maize, cassava, plantain, and 
cocoyam) which are intended for consumption and sale. The main cash crop is cocoa. In 
addition to agriculture, there is also the involvement of women and some men in the collection 
of non-timber forest products such as njansang. Most of the collection of non-timber forest 
products (njansang) is done by women, but there are also some men and children who collect 
it. Globally, about 50 ha of land is used for mixed cropping (cocoa and plantain) 

Temperatures and rainfall extension 

It has a four-season climate, with annual precipitation of 2000–3000 mm and temperature 
variations of 21.8–30.8 °C, most of its agriculture is rainfed. It have an evergreen or semi-
deciduous rainforest corresponds to the ""humid"" and "low- and medium-altitude sub-humid" 
eco-floristic zones (Lambi & Neba, 2010; UNEP, 2008). Until recently, the abundance of land 
in this region enabled its residents to sustain agriculture by shifting cultivation and using slash- 
and- burn methods. 

Table 1. Changes in annual rainfall (mm) and mean temperature (◦C) distribution for Ngambe-Tikar 
(2001 to 2010) 

 

Variation in temperature and rainfall 

This study focused on several climatic variables that particularly affect climate sensitive 
livelihood activities in the three villages: rainfall and temperature (heat and intensity). Climate 
change and climate variation, as seen in changing rainfall patterns, has become a ""new 
normal"" for most small-scale farmers (Table 1). The realization of this variation has led to no 
significant change in farming practices in these communities as many farmers continue to 
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depend on the traditional rainfall calendar. With two major seasons (rainy season from March 
to October and dry season from November to March) in Cameroon, most farmers have limited 
access to the weather forecast and begin sowing after the first rains in March. With a significant 
alteration of the traditional farming calendar, these crops dry up, are destroyed by insects, or 
the seeds are baked by sun heat and never geminate. Climate- sensitive livelihood activities is 
regarded by many participants as a very risky profession as they lack access to financial and 
technological resources, such as irrigation, to manage climate stressors. 

Methodology 

Data collection 

Sample frame 

A sample size of 20% of the population was selected following Mugenda and Mugenda (2003), 
states that a sample of 10.0–20% of the total population for a large or small population is 
sufficient to get information concerning the population under study (Table 2). In each selected 
strata, all households head or representatives aswas interviewed. A total of 85 (both men and 
women) were selected randomly during the survey (Ngoume 25, Mambioko 30, Mbidi 30 of 
the households) Table 3. 

Table 2. Annual precipitation (mm) and mean temperature (◦C) distribution in Ngambe-Tikar Sub-
division (2001–2010) 
 

 
 
Table 3, Sample populations 
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Primary data 

Data were collected from Mambioko community forest areas respectively using a combination 
of different methods. Focus group discussions were used during data collection with one focus 
group for each village. Groups comprised of men and women the age chosen for the 
respondents was 27 years and above, capable of providing data and information on 
observations on climate change and livelihoods relationships for the past 10 years. 
Brainstorming was the dominant tool used during the focus group discussions, including 
historical trend observations. 

The focus group discussion was complemented by household surveys using semi-structured 
questionnaires. Simple stratified random sampling was used to identify households. We made 
sure that respondents had a permanent stay in the area for at least 8–10 years. In Ngoume, one 
after every two households was sampled from the start of the village to the end, as the village 
is located along a 2 km road stretch. Questionnaires were administered to households 
independently, with each interview lasting between 45- 54 min. 

A discussion guide was developed for the key informants comprised of the local leaders (chief 
of Mambioko, Mbidi, and Ngoume villages); the delegate and secretary general of the 
community forest. Besides we also had the headmaster of Mambioko primary school, the 
chairpersons of the local farming groups, the lead persons for the local women groups, and 
leading farmers in the villages. Furthermore, to gain an overall perception of the 'residents' 
views on climate change and its impact in each village field observation was employed 
focusing on farm sizes, distance of farms from households, farming methods, and type of crops. 

A pilot study was conducted before the main study to test the tool's validity and reliability. It 
helped to establish the consistency of the questionnaire in terms of the time and location, and 
to identify areas in the questionnaires that need clarity for the easy understanding and respond 
appropriately. 

Secondary data 

Literature review formed part of the secondary data, gave the theoretical base for the research, 
and helped determine the nature of this study. It helped to identify what is already known about 
this study's area. Mobile technologies were used to collect the data in the form of structured 
questionnaires for all the sampled groups. 

Data analysis 

The raw data were examined and organized into manageable units for analysis to establish the 
accuracy of the research study. Obtained data was analyzed using Excel 2010 (to generate 
percentages on major livelihood activities and perception of climate change impact) and 
statistical package for social scientists (SPSS). The data was displayed in the form of frequency 
'tables' proportions (percentages) and the use of measures of central tendencies, ANOVA 19, 
to clearly understand the findings. 
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Results and discussion 

Major climate-sensitive livelihood activities 

According to some households during the survey, fishing and hunting were identified as 
significant climate-sensitive livelihood activities by 1. % and of the respondents respectively 
and ranked as the lowest climate-sensitive livelihood activities. Other livelihood activities were 
(non-dependent on climate-sensitive activities like business and white-collar jobs). The first 
major climate-sensitive livelihood activity was agriculture practiced by 59.8% households 
seconded by the collection of NTFPs with 36.7% of the respondents taking part (Fig. 2). 

 
 
Fig. 2. Major climate-sensitive livelihoods activities 

Level of dependency on climate-sensitive livelihoods activities 

In the study area, respondents ranked their level of dependency on climate-sensitive livelihood 
activities based on the significant contribution those activities (tree products, plant materials, 
and forest products for food and agricultural activities like farming) make to 'household's 
income and other household needs (Fig. 3). The three-level ranking is used based on the 
following indicators: access to market, availability of assets, labor, skills, social capital, and 
natural capital. (High dependency = Home consumption and frequent sale of surplus on the 
local market; Moderate Dependency = Home consumption and occasional sale on the local 
market; Less dependency = Home consumption only). Generally, (46.7%) of the total 
respondents was ranked as having a high dependency on climate sensitive activities. In this 
category, respondents described the contribution of climate-sensitive livelihood activities to 
household income as very significant. The study showed that the level of dependency on fishing 
was 11.8%. O, which was ranked the third lowest dependency followed by hunting (6.8%), 
ranked second lowest dependency, and other activities (3.4%) ranked the lowest. The collection 
of NTFPs recorded second highest-dependency (39.8%) behind agriculture with the highest 
level of dependency at 99.2% (Fig. 3). 
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Fig. 3. Level of dependency on sensitive livelihood activities 

Perception of climate change impacts on agricultural activities 

Agriculture is still greatly dependent on climate; temperature, light, and water are the key 
drivers of crop growth. The perception of climate change's impact on agriculture is based on 
the following indicators: pest and diseases, drought, erratic rainfall, prolonged rainfall, low 
production, changing seasons, and strong winds. This study (74.6%) of the respondents agreed 
that pest and diseases are affecting agricultural activities for the past 10 years especially cocoa. 
Low production (83.2%) of the respondents agreed that this has been the principal climatic 
threat to their agricultural activities leading to food insecurity in these communities. Most 
respondents (81.5%) believed the erratic rainfall is one of the indicators of climatic stress that 
they are facing in their agricultural activities, which has changed their traditional farming 
system compared to the past. This finding is like another study by Bele et al. (2013). According 
to the survey 54.2% of respondents agreed that prolong rainy seasons were affecting their 
agricultural activities, resulting in severe post-harvest problems and food insecurity as earlier 
observed by Yengoh et al. (2010). In addition, 97.5% of respondents consider strong winds as 
one of the climatic stresses affecting their main livelihood activity (agriculture). It was reported 
that heavy rainfall is at times accompanied by a strong wind that pushes down crops like maize 
and off roots cash crops like cocoa, as reported by Bele et al. (2013). Following the household 
survey, most of the respondents (94.1%) agreed that increased climatic events like drought and 
high temperature have exacerbated the risk of bushfires that destroy crops in these villages. 
Most farmers in Ngoume and Mambioko are exposed to human-induced climate hazards like 
bushfires, which is mostly caused by traditional farming practices such as the ""slash-and-
burn"" method used by farmers to increase productivity and by grazers to enhance the growth 
of the best grass for grass fed-animals. The effects of the fire are devastating as it sometimes 
leaves farmers with little or no harvest according to these communities. All the respondents 
(100%) in these communities agree that changing seasons affects their previously well-defined 
production calendar. Farmers need to adapt to unpredictable rainfall and dry season patterns 
(Fig. 4). 
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Fig. 4. Perception of climate change impacts on agriculture 
 

'Respondent's perception of climate change impact on fishing 

Fishing is another activity and a source of income for some households in the study area. A 
little over one third of the households (38.4%) agreed that the drying of watercourses because 
of unreliable rainfall has negatively impacted fishing grounds in these communities leading to 
a reduction in the quantities of fish caught over the last 35 years for commercial and subsistence 
purposes. In addition, most households (45.5%) agreed that drought was the principal climatic 
threat to fishing activity, especially during the short rainy seasons (Table 3). Furthermore, 
fewer household (16.2%) agreed that heavy rainfall affects fishing in these communities 
especially as the rainy seasons have become heavier in recent years. 

Perceptions of respondents on the impacts of climate change on NTFPs 

Forest resources in the form of NTFPs serve as safety nets, sustaining the livelihoods of some 
forest communities in Mambioko. They play a vital role in income generation and household 
food security (Lambi & Neba, 2010). The results of this study indicate that the collection and 
sale of NTFPs is a major livelihood activity and a source of income for households especially 
in Ngoume. Access to NTFPs is open to the peoples in community forest settings as they collect 
NTFPs such as Bush mango (Irvingia gabonensis), Njansang (Ricinodendron heudelotii) and 
fuelwood. NTFPs constitute about 40% of households' main livelihood activity and source of 
income. Still, about 92% of the households stated that heavy rainfall prevents their collection. 
Households in Mbidi are involved in collecting NTFP as their main livelihood activity. Still, 
the harvesting of fruits from different tree species is at times poor because of poor flowering 
and fruiting of the tree species. In addition, 94% of the households stated that drought has 
caused a serious problem in the collection of some NTFP species especially njansang which 
has become very difficult for the pulp to decompose and allow for cracking to remove the nuts. 
From drought, over 98.1% of the households indicated that changing seasons is currently 
affecting the collections of NTFP. This refers to unpredictable seasonality with dry months 
becoming drier, prolonged dry season and erratic rainfall that all affect the resilience of some 
NTFP-producing plant species. Based on local knowledge by about 85% of households in 

11



Ngoume, other factors such as pests and diseases affect the flowering and fruiting NTFP tree 
species and the collection and harvesting of their fruits (Fig. 5). 

 
Fig. 5. Impact of climate change on the collection of NTPs 

Perception of future variation in temperature 

Agriculture is the most vulnerable sector to climate change, owing to its huge size and 
sensitivity to weather parameters, thereby causing huge economic impacts (Mendelsohn, 
2000). According to 40% of the respondents, there will be a continuous increase in temperature 
in the years to come because, for the past ten years, they have witnessed persistent heat in their 
communities due to high temperatures. Conversely, 60% of respondents from Mbidi village 
stated that temperature will fall or decrease in the years to come with potentially devastating 
consequences on cash crops (Tables 4, 5). 
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Table 4. Frequencies of perception of climate change impact on fishing 
 

 
 
Table 5. Frequencies of respondents on future variation in temperature 

 

Perception of respondents on the future variation in Rainfall 

The majority of respondents (87.5%) predicted that there will be a continuous increase in 
rainfall in the coming years because some watercourses disappeared some years back have 
started regaining their positions. A majority of others (12.5%) believed that rainfall will 
decrease in the nearest future due to increased temperatures (Table 6). 

Table 6. Frequencies of Respondents on the future variation in Rainfall 
 

 

Socioeconomic vulnerability of respondents in the study site base on five selected 
indicators 

There is no accepted set of variables for vulnerability to climate change, but age, gender, race, 
and socio-economic status are generally accepted and used (Cutter et al., 2008). The socio-
economic vulnerability in the study site was estimated using five indicators. In the estimation, 
the following assumptions was made: 

 5.1.1: Level (LE): Lower education level is associated with higher vulnerability 
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 5.1.2: Level of Awareness of Climate change issues (Access to Climate Change 
information (ACI): Lower access to climate change information is associated with high 
vulnerability 

 5.1.3 Dependence on climate-sensitive activities (DCA): Higher dependence on 
climate-sensitive occupation is associated with higher vulnerability 

 5.1.4 Low income (High income is associated with lower vulnerability and lower 
income is associated with high vulnerability 

 5.6.5: Poverty is associated with high vulnerability. 

ANOVA was used to compare the total sum of squares between and within groups of 
respondents on the socioeconomic indicators of climate change vulnerability. Based on the five 
selected indicators, access to climate change information having a sum of squares (50.753) of 
respondents believed that their socio-economic vulnerability are caused by their limited access 
to information on climate change issues. High dependency on climate-sensitive livelihood 
activities like cash crops with a total sum of squares of (113.224) attests to their socioeconomic 
vulnerability. Besides poverty as reported by some respondents in Ngoume village as being 
responsible for their vulnerability to climate change impacts. Limited sources of income, low 
farm outputs, and low income levels all have a positive sum of squares suggesting their 
negative impacts that render households incapable of adapting to changing climatic conditions. 
Finally, Lower education level was among the most crucial socio-economic factors identified 
by respondents with a sum square of (19.412) as most households have never attended formal 
education (Table 7). 

Local management, coping, and adaptation strategies are employed to cope with climate's 
impacts. 

The framework for gaining access to both knowledge and the resources is translated into 
concrete actions to promote adaptation, must be provided by governmental and non-
governmental institutions at the local, national and international levels (Yengoh et al., 2009). 
At the centre of communication and collaboration, (Vignola et al., 2009) advocate an 
ecosystem-based framework which addresses the problems of the ecosystem degradation and 
the conservation of natural capital is the main focus. In this study, households used fertilizers 
in their farms to increase yields with a std of (0.46832). The local agriculture system depends 
on natural temperature, sunshine, and rainfall. It implies the need for adjusting and improving 
(technically, financially, and materially) agriculture activities that will reduce vulnerability and 
increase the adaptive capacity of households. When bringing adaptation measures to the 
backyards, most households have planted trees around their houses to protect against strong 
winds during torrential rainfall with a std (0.50014). Such trees also provide microclimate to 
crops on farms. 

Additionally, during the prolonged dry seasons and drought, households have adopted an 
irrigation farming system with a std (0. 40,237). They moved to swamps and opened new farms 
where water is available throughout the year and they use watering cans to send water into their 
farms. It is especially applied by a few privileged farmers that can afford the system which they 
commonly describe as a "climatic push factor". 
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Table 7. ANOVA for socioeconomic indicators to climate change vulnerability 

 

Table 8. Coping and adaptation strategies 
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Furthermore, following other studies (IDRC, 2009), households have diversified their crops, 
and sustaining the diversity of crops is an appropriate adaptation option for food security and 
livelihood in these communities with a std (1.08038, and a variance of 1.167). Households 
especially those of small farmers in the study area expressed their readiness to associate other 
livelihood activities like food crops and livestock rearing (sheep) to increase their income as 
was observed by Yengoh et al. (2010). This study also shows that the diversification of income 
sources as a local adaptation option cuts across different sectors (environment, forest, and 
wildlife, livestock and fisheries, agriculture and rural development, scientific research, finance, 
and commerce). This finding is supported by Yengoh et al. (2010), that coordination and 
collaboration are required between sectors to build the needed capacities for improving rural 
livelihoods and reducing their vulnerability to local climate change. Engaging in non-climate 
dependent alternative jobs such as driving, masonry works, sale of assorted goods "provision 
store", shoe repairing, painting, sewing or dressmaking were among the coping measures 
described by respondents with a std of (0.47279). Although the dominant occupation is farming 
household members, especially the youths who migrate to urban centres to a search for jobs, 
results in the rural exodus in the study site. Finally, according to the households, they increase 
their farm sizes every beginning of the farming season as an adaptation option to local climate 
variability and uncertainty with a std of (0.21302). During the field survey, the average farm 
size increased from 1.5 ha in 2000 to 2.5 ha in 2018. As supported by Bele et al. (2013), the 
increase is a coping and adaptation strategy for these forest dependent communities (Table 8). 

Discussions 

This study has identified major climate-sensitive livelihood activities in Mambioko forest-
dependent communities. These communities solely depend on rain-fed agriculture and forest 
resources (NTFPs). The levels of dependency on climate-sensitive livelihood (community level 
ranking) were used based on the significant roles these resources play in sustaining livelihoods. 
(High dependency = Home consumption and frequent sale of surplus on the local market; 
Moderate Dependency = Home consumption and occasional sale on the local market; Less 
dependency = Home consumption only). Agriculture recorded the highest dependency 
(99.2%). The nature of these activities depends on the availability of assets, resources, labor, 
skills, education and social capital. Following, local perceptions, their major livelihoods 
activities have been impacted by past years by climate change associated with indicators such 
as pests and diseases, low production, erratic rainfall, strong winds, drought and changing 
seasons. The socioeconomic vulnerability in the study site was estimated using five 
socioeconomic indicators, which revealed that these communities are highly vulnerable 
following the findings of Cutter et al. (2008). At an economy-wide level, raising resilience and 
bolstering coping mechanisms will require the combination of reforms targeted the types of 
climate change challenges a country may face. Finally, following other studies (IDRC, 2009), 
households have diversified their crops, sustaining the diversity of crops is an appropriate 
adaptation option for food security and livelihood in these communities with a std (1.08038, 
and a variance of 1.167). Households, especially those of small scale farmers, in the study area 
expressed their readiness to associate other livelihood activities like food crops and livestock 
rearing (sheep) to increase their income as was observed by Yengoh et al. (2010). This study 
also shows that the diversification of income sources as a local adaptation option cuts across 
different sectors (environment, forest and wildlife, livestock and fisheries, agriculture and rural 
development, scientific research, finance, and commerce). This finding is supported by Yengoh 
et al. (2010) that coordination and collaboration are required between sectors to build the 
needed capacities for improving rural livelihoods and reducing their vulnerability to local 
climate change. Engaging in non-climate dependent alternative jobs such as driving, masonry 
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works, sale of assorted goods "provision store", shoe repairing, painting, sewing or 
dressmaking were among the coping measures described by respondents with a std of 
(0.47279). 

Conclusion 

This study has investigated the adverse impacts of climate change effects at the household level 
of forest-dependent communities in the Mambioko CF area in Cameroon's Center region. It 
has also assessed the different coping and adaptation measures are adopted by these 
communities in the wake of a changing climate. Socioeconomic vulnerability levels of this 
ecological zone have also been determined. Generally, the adverse effects of climate change 
on key livelihoods activities and their impacts on livelihoods over the years are already evident. 
Community perceptions indicate they are vulnerable to the variation in local climatic 
conditions and the seasonal calendar, with noted variations in temperature and sunshine, 
rainfall, and other climate-sensitive schedules such as sowing and harvesting periods.. 
Regarding future development interventions, key areas to focus on are options for alternative 
livelihood activities, access to climate information, sustainable agricultural practices, 
agroforestry practices, and sustainable forest resource management. Significant contributions 
from civil society groups and relevant governmental institutions can play a key role in 
minimizing forest-dependent communities' exposure to climate change's impacts. This can be 
done by creating awareness and helping communities cope and adapt to a changing climate by 
building on existing coping and adaptation measures while a more scientific approach to ensure 
sustainable livelihood should be developed. 

Recommendations 

Based on the literature and results of this study, the following recommendations is considered 
in enhancing the adaptive capacity of the Mambioko local communities: 

a. Community resilience-building plans should be worked out as it will enhance their 
adaptive capacity thereby reducing their vulnerabilities; 

b. The role of national and local governments in further analyzing the vulnerabilities of 
these communities and their livelihoods resources to ensure intersectoral development 
of their adaptive capacities; 

c. The provision of support to the implementation of national adaptation strategies INGOs 
and NGOs through community capacity building or projects; 

d. Ensuring the implementation of alternatives livelihoods interventions (non-dependent 
on climate) in these communities should be of prime important; 

e. Further research is encouraged in the wake of changing cropping patterns in this area. 

Acknowledgements 

We thank anonymous reviewers for their technical support on data interpretations and 
corrections 

Funding 

The authors received no direct funding for this research. 

17



Contributions 

RNT wrote the original draft of the manuscript; ELC and JCT contributed to the explanation 
and discussions of the results and AFdesigned all figures and tables. 

Conflict of interest 

The authors declare they have no competing interest in the manuscript. 

Data availability 

The datasets generated from our surveys are not publicly available to ensure the privacy and 
confidentiality of the survey participants. However, they are available on reasonable requests 
from the corresponding author with approval from coauthors if requests do not compromise 
the confidentiality of survey participants. 

References 

Abbas, A., Amjath-Babu, T. S., Kachele, H., & Muller, K. (2016). Participatory adaptation to 
climate extremes: An assessment of “households” willingness to contribute labor for flood risk 
mitigation in Pakistan. Journal of Water and Climate Change, 7(3), 621–636. 

Adger, W. N. (2006). Vulnerability. Global environmental change, 16(3), 268–281. 

Agrawal, A. (2008). The role of local institutions in adaptation to climate change, Paper 
prepared for the Social Dimensions of Climate Change. Social Development Department, 
World Bank. 

Barrios, R. H., Bertinelli, L., & Strobl, E. (2006). Climatic change and rural urban migration: 
The case of Sub- Saharan Africa. Journal of Urban Economics, 60(3), 357–371. 
https://doi.org/10.1016/j.jue.2006.04.005 

Bauer, A., et al. (2012). The governance of climate change adaptation in ten OECD countries: 
Challenges and approaches. JJournal of Environmental Policy & Planning, 14(3), 279–304. 

Bele, M. Y., Tiani, A., Somorin, O. A., & Sonwa, D. J. (2013). “Exploring vulnerability and 
adaptation to climate change of communities in the forest zone of Cameroon.” Climatic 
Change, 119(3), 1–15. 

Berrang-Ford, L., Ford, J. D., Lesnikowski, A., Poutiainen, C., Barrera, M., & Heymann, S. J. 
(2014). What drives national adaptation? A Global Assessment. Climatic Change, 124(1–2), 
441–450. 

Bunn, S. E., & Arthington, A. H. (2002). Basic principles and ecological conseq uences of 
altered flow regimes for aquatic biodiversity. Environmental Management, 30(4), 492–507. 

Cai, R., Feng, S., Oppenheimer, M., & Pytlikova, M. (2016). Climate variability and 
international migration: The importance of the agricultural linkage. Journal of Envi- Ronmental 
Economics and Management, 79, 135–151. 

18



Cameroon Development Cooperation Meteorological Service. (2018). Rainfall and 
temperature data of (1987–2017). Cameroon Development Cooperation. 

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 
Environmental Change, 18(4), 598–606. 

Davison Mugiya and Costa Hofisi. (2017). Climate change adaptation challenges confronting 
small-scale farmers. Environmental Economics, 8(1), 57–65. 
https://doi.org/10.21511/ee.08(1).2017.06 

Di Matteo, G., Nardi, P., Grego, S., & Guidi, C. (2018). Bibliometric analysis of climate change 
vulnerability assessment research. Environment Systems and Decisions, 38(4), 508–516. 
https://doi.org/10.1007/s10669-018-9687-4 

Eisenack, K., Moser, S. C., Hoffmann, E., Klein, R. J. T., Oberlack, C., Pechan, A., Rotter, M., 
& Fussel, H. M. (2005). Vulnerability to climate change: A comprehensive conceptual 
framework. CA: The University of California International and Area Studies. 

Folke, C. (2006). Resilience: The emergence of a perspective for socio-ecological systems 
analyses. Global Environ Chang, 16(3), 253–267. 

Giupponi, C., & Biscaro, C. (2015). Vulnerabilities – bibliometric analysis and literature 
review of evolving concepts. Environmental Research Letters, 10(12), 123002. 
https://doi.org/10.1088/1748-9326/10/12/123002 

GOC (1995). Decree No. 95–531-PM of 23 August 1995 to Determine the Conditions for 
Implementation of Forestry Regulations. Yaounde,Cameroon: Government of Cameroon 

Godart, P., & Hart, D. (2020). Aluminum-powered climate change resiliency: From aluminum 
debris to electricity and clean water. Applied Energy, 275(C), 115316. 

Hallegatte, S., Vogt-Schilb, A., Bangalore, M., & Rozenberg, J. (2017). Unbreakable: building 
the resilience of the poor in the face of natural disasters. World Bank Publications. 

Haunschild, R., Bornmann, L., & Marx, W. (2016). Climate change research in view of 
bibliometrics. PLoS ONE, 11(7), e0160393. https://doi.org/10.1371/journal.pone.0160393 

Hossain, F., & Moniruzzama, Md. (2021). Environmental change detection through re- mote 
sensing technique: A study of Rohingya refugee camp area (Ukhia and Teknaf sub-
district)’Cox’s Bazar Bangladesh. Environmental Challenges., 2, 100024. 
https://doi.org/10.1016/j.envc.2021.100024 

Intergovernmental Panel on Climate Change (IPCC). (2001). "Climate change 2001: Impacts, 
adaptation, and vulnerability, a contribution of the working group II of the third assessment 
report of the intergovernmental panel on climate change. Cambridge University Press. 

 

19



Intergovernmental Panel on Climate Change (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 (pp. 1–582). Cambridge University 
Press. 

Intergovernmental Panel on Climate Change (IPCC). (2014). Climate change 2014: Synthesis. 
Report contribution of working groups I, II, and III to the fifth assessment report. 
Intergovernmental Panel on Climate Change. 

Intergovernmental Panel on Climate Change (IPCC), et al. (2018). Summary for Policymakers. 
In V. Masson Delmotte, P. Zhai, H. O. Pörtner, D. Roberts, J. Skea, P. R. Shukla, & A. Pirani 
(Eds.), Global Warming of 1.5 °C. World Meteorological Organization. 

Intergovernmental Panel on Climate Change IPCC. (2014). Climate change 2014: Impacts, 
adaptation and vulnerability. IPCC. 

International Development Research Centre-IDRC. (2009). Strengthening African adaptation: 
emerging lessons from the CCAA Programme. CCAA contribution to the 3rd Special Session 
of AMCEN 

Kurukulasuriya, P. (2006). Will African agriculture survive climate change? World Bank, 
Economic Review, 20(3), 367–388. 

Lambi, C. M., & Neba, E. N. (2010). Ecology of natural resources development in the Western. 
Langaa & Publishing CIG. 

Lesnikowski, A., Ford, J., Biesbroek, R., BerrangFord, L., Maillet, M., Araos, M., & Austin, 
S. E. (2017). What does the Paris Agreement mean for adaptation? Climate Policy, 17(7), 825–
831. 

Marcott, S., Shakun, J., Clark, P., & Mix, A. (2013). A reconstruction of regional and global 
temperature for the past 11,300 Years. Science, 339(6124), 1198–1201. 

Mastrorillo, M., Licker, B., Bohra-Mishra, P., Fagiolo, G., Estes, L., & Oppenheimer, M. 
(2016). The influence of climate variability on internal migration flows in South Africa. Global 
Environmental Change, 39, 155–169. 

McIntosh, B. S., Ascough, J. C., Twery, M., Chew, J., Elmahdi, A., Haase, D., Harou, J. J., 
Hepting, D., Cuddy, S., Jakeman, A. J., et al. (2011). Environmental decision support systems 
(EDSS) development—Challenges and best practices. Environmental Modelling & Software, 
26(12), 1389–1402. 

Mendelsohn, R. (2000). Climate change impacts on African agriculture. World Bank. 

Mittal, N., Bhave, A. G., Mishra, A., & Singh, R. (2015). Impact of human intervention and 
climate change on natural flow regime. Water Resources Management, 30(2), 685–99. 

Molua, E. L., & Lambi, C. M. (2006). The economic impact of climate change on agriculture 
in Cameroon. University of Pretoria. 

20



Molua, E. L., & Lambi, C. M. (2007). Economic impact of climate change on agriculture in 
Cameroon. The World Bank. 

Moss, R. H., Meehl, G. A., Lemos, M. C., Smith, J. B., Arnold, J. R., Arnott, J. C., Behar, D., 
Brasseur, G. P., Broomell, S. B., Busalacchi, A. J., Dessai, S., Ebi, K. L., Edmonds, J. A., 
Furlow, J., Goddard, L., Hartmann, H. C., Hurrell, J. W., Katzenberger, J. W., Liverman, D. 
M., … Wilbanks, T. J. (2013). Hell and high water: Practice-relevant adaptation science. 
Science, 342(6159), 696–698. 

Mugenda, O. M., & Mugenda, A. G. (2003). Research methods quantitative and qualitative 
approaches. ACT. 

Mullan, M., et al. (2013). National adaptation planning: Lessons from OECD Countries. 
OECD Publishing. 

Nawrotzki, R., Hunter, L., Runfola, D., & Riosmena, F. (2015). Climate change as a migration 
driver from rural and urban Mexico. Environmental Research Letters, 10(11), 1–9. 

Niang, I., Ruppel, O. C., Abdrabo, M. A., Essel, A., Lennard, C., Padgham, J., & Urquhart, P. 
(2014). Africa. In V. R. Barros, C. B. Field, D. J. Dokken, M. D. Mastrandrea, K. J. 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.), Climate Change (2014). 
Impacts, Adaptation, and Vulnerability. Part B: Regional Aspects. Contribution of Working 
Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change 
(pp. 1199–1265). Cambridge University Press, Cambridge 

Ochieng, J., Kirimi, L., & Mathenge, M. (2016). Effects of climate variability and change on 
agricultural production: The case of small scale farmers in Kenya. NJAS-Wageningen journal 
of life sciences, 77, 71–78. 

Organization for economic cooperation and development. (2015). Organization for economic 
cooperation and development (pp. 1–6). Agriculture and climate change. 

Preston, B. L., Rickards, L., Dessai, S., & Meyer, R. (2013). Water, seas, and wine: Science 
for successful climate adaptation. In Susanne Moser & Maxwell Boykoff (Eds.), Successful 
adaptation to climate change: linking science and policy in a rapidly changing world (pp. 151–
169). Taylor and Francis. 

Preston, B. L., Westaway, R. M., & Yuen, E. J. (2011). Climate adaptation planning in practice: 
An evaluation of adaptation plans from three developed nations. Mitigation and Adaptation 
Strategies for Global Change, 16(4), 407–438. https://doi.org/10.1007/s11027-010-9270-x 

Sonwa, D. J., Walker, S., Nasi, R., & Kannine, M. (2011a). Potential synergies of the main 
current forestry efforts and climate change mitigation in Central Africa. Sustainability Science, 
6(1), 59–67. 

Storbjork, S., & Hedren, J. (2011). Institutional capacity-building for targeting sea-level rise in 
the climate adaptation of Swedish coastal zone management. Lessons from Coast by. Ocean & 
coastal management, 54(3), 265–273. 

21



Thiede, B., Gray, C., & Mueller, V. (2016). Climate variability and inter-provincial migration 
in South America, 1970–2011. Global Environmental Change, 41, 228–240. 

UNEP. (2018). Adaptation gap report. UN environment programme. 

United Nations Environment Programme UNEP. (2008). Africa: Atlas of our changing 
environment (pp. 110–115). Division of Early Warning and Assessment-North America 
UNEP. 

Vignola, R., Locatelli, B., Martinez, C., et al. (2009). Ecosystem-based adaptation to climate 
change: What role for policy-makers, society, and scientists? Mitigation and Adaptation 
Strategies for Global Change, 14(8), 691–696. 

Viswanathan, B., & Kumar, K. (2015). Weather, agriculture and rural migration: Evidence 
from state and district level migration in India. Environment and Development Economics, 
20(4), 469–492. 

Waters, E., Barnett, J., & Puleston, A. (2014). Contrasting perspectives on barriers to 
adaptation in Australian climate change policy. Climate Change, 124(4), 691–702. 

WFP. (2017). Comprehensive food security and vulnerability analysis (CFSVA) Giulio, V.C., 
Ed., Parco 'de' Medici: Rome, Italy 

World Bank. (2012). Mainstreaming adaptation to climate change in agriculture and natural 
resources management projects (pp. 1–24). New York: World Bank Group. 

Yengoh, G. T., et al. (2010). Impact of prolonged rainy seasons on food crop production in 
Cameroon. Mitigation and Adaptation Strategies for Global Change, 15(8), 825–841. 
https://doi.org/10.1007/s11027-010-9241-2 

Yengoh, G. T., Armah, F. A., & Svensson, M. G. E. (2009). Technology adoption in small-
scaleagriculture: The case of Cameroon and Ghana. Science, Technology & Innovation Studies, 
5(2), 111–131. 

 

22




