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ABSTRACT 
 

Aims: The study investigates how local people perceive climate change/variability, its impacts and 
coping mechanisms in the Bamenda highlands of north western Cameroon.  
Study Design: A household-based descriptive cross-sectional study. 
Place and Duration of Study: The Bamenda highlands of North West western Cameroon for the 
farming season 2012–2013 between June 2009 and July 2010. 
Methodology: A “bottom-up” approach, which seeks to gain insights from the farmers themselves 
based on a farm household survey was employed. Meteorological data for the region was 
compared with local views gathered through focus group discussions and interviews in 12 villages 
selected from four of the seven divisions that make up the region. Household interviews explored 
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the local significance of seasonality, climate variability, and climate change. 
Results: Rainfall is characterized by significant interannual variability, with the last ten years 
characterized by undefined periods of dryness and wetness. Reduced rainfall and water supply, 
upward shifting of certain plant species and increased incidence of diseases on crops are major 
issues commonly raised by respondents. Changing the planting dates 130 (15.8%), traditional 
moisture holding practices, 200(22.2%) and the adoption of mixed cropping, 172 (19.1%) are some 
of the local coping mechanisms currently adopted by farmers. Lack of knowledge concerning 
appropriate adaptations (37±18.5), and lack of information about climate change (29±14.5) were 
among the barriers to adaptation. On the demographic and socioeconomic characteristics, famers 
“with” and “without” barrier to climate change adaptation strategies differed significantly on most of 
the independent variables (p<.001). 
Conclusion: The study highlights the need for adaptation to current land, forest and water 
management practices to maintain livelihoods in the face of changes many people are not 
expecting.  
 

 
Keywords: Bamenda highlands; bottom-up approach; perception; coping mechanisms; climate 

change and variability; Cameroon. 
 

1. INTRODUCTION  
 
Since the industrial revolution, our energy use 
has grown and this has resulted in more and 
more fossil fuels being burnt, releasng 
greenhouse gases into the atmosphere. 
According to the World Metrological Organization 
[1], greenhouse gas radiative forcing (expressed 
in Watts per square meter), the difference of 
insolation absorbed by the Earth and energy 
radiated back to space, has registered an 
increase of 34% since 1990, the baseline year 
for the Kyoto Protocol. At the current rate, global 
temperatures are expected to increase in the 
range 1.4 - 5.8°C by 2100 and will lead to more 
volatile weather patterns that may go into the mix 
to destabilize the world a bit more [2].  
 
The impacts of climate change are apparent 
historically, currently important, and will continue 
to be important in both the short and long term. 
With increases of 1.5°C to 2.5°C, approximately 
20 to 30% of plant and animal species are 
expected to be at risk of extinction [3] with severe 
consequences for food security in developing 
countries. By 2020 yields from rain fed 
agriculture are likely to decline by 50% in some 
African countries [4]. Freshwater availability is 
likely to change in several regions impacting 
freshwater biodiversity; hydrological services and 
agricultural productivity putting at risk both 
ecosystems and people. According to [5], 
agriculture, forestry, and fisheries are highly 
sensitive to climate change and climate change 
is very likely to have a serious impact on their 
productive functions. Climate change and 
variability present new development challenges, 
particularly in Sub-Saharan African countries 
where the majority of the population depends on 

climate-sensitive activities, in particular, 
agricultural production [6]. 
 
Several adaptation strategies and coping 
mechanisms have been initiated with the goal of 
recovering the structure and function of tropical 
ecosystems from the adverse effects of climate 
change. Most authors focus on perceptions of 
climate and deal with temperature and rainfall, 
i.e., amount, annual distribution, start and end 
dates and meteorological data are often used to 
confirm peoples’ assessments [7] or refute them 
[8] for long-term perceptions. Other studies have 
dealt with perceptions of seasonality [9], 
perceptions of risks and threats related to climate 
variability [10] and local knowledge in forecasting 
weather and adapting to climate [11]. The 
adopter perceptions paradigm posits that the 
adoption process starts with the adopters’ 
perception of the problem and technology 
proposed [12]. This paradigm argues that 
perceptions of adopters are important in 
influencing adoption decisions [13]. However, 
perceptions are context and location specific due 
to heterogeneity in factors that influence them 
such as culture, education, gender, age, 
resource endowments and institutional factors 
[14]. 
 
Since the emergence of climate change at the 
top of the political agenda, a growing number of 
research and guidance tools and methods are 
available for policymakers under climatic 
uncertainty, including principles and steps for 
robust decision making under uncertainty [15], 
principles for avoiding maladaptation [16], and 
characteristics of sustainable adaptation [17]. 
The guidance tools and methods range from 
adjustments in existing practices to more 
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fundamental changes in development practices. 
The former present a traditional linear view of the 
policymaking process, while the latter challenges 
equilibrium, predictability and linear thinking and 
management practices while also proposing 
diversity, dynamism and uncertainty to be 
embraced at the core of policy-making. However, 
experience has shown that identified adaptation 
measures do not necessarily translate into 
changes, because adaptation strategies to 
climate change and physiological barriers to 
adaptation are local specific [18]. Thus a better 
understanding of the local dimensions of climate 
change is essential to develop appropriate 
adaptation measures that will mitigate adverse 
consequences of climatic change impact.  
 
When considering climate change, indigenous 
peoples and marginalized populations warrant 
particular attention. Impacts on their territories 
and communities are anticipated to be both early 
and severe due to their location in vulnerable 
environments, including small islands, high 
altitude zones, desert margins and the 
circumpolar Arctic. Indeed, climate change poses 
a direct threat to many indigenous and 
marginalized societies due to their continuing 
reliance upon resource-based livelihoods. There 
is a need to understand the specific 
vulnerabilities and adaptation capacities of 
indigenous and marginalized communities. 
Studies have demonstrated the value of 
indigenous peoples’ observations of changes in 
climate-related weather patterns (e.g.,[19]). Their 
knowledge of past ecological patterns can help 
reconstruct historical baselines [20]. Traditional 
ecological knowledge of ecosystem health and 
species distributions can contribute to culturally 
appropriate adaptation [21].  
 
This paper provides important information on 
local farmer’s perception of climate change, local 
adaptation/coping mechanisms currently 
employed, and barriers to adaptation by 
exploring specific examples from recent research 
in the Bamenda highlands of Cameroon, with the 
aim of providing policy makers insights into this 
important socioeconomic issue. The study is 
particularly concerned with how these variations 
may have caused problems or hardships, what 
the responses and constraints have been, and 
what can be learned from these that may assist 
in future adaptation. Specifically, the paper aims 
to: 
 

1. Examine farmers’ perceptions of climate 
change and variability and the different 

levels of climate change risks using 
household survey; 

2. Explore the adaptation strategies and 
coping mechanisms farmers have already 
adopted to cope with the consequences of 
climate change. 

3. Identify barriers to climate change 
adaptation and the associations between 
these barriers with coping mechanisms; 
and  

4. Recommend plausible policy interventions 
that match farmers, perceptions, 
experiences, adaptation strategies and 
coping mechanisms in the region. 

 
Coping responses or mechanisms are 
unplanned, reactive, and short-term responses to 
immediate threats, whereas adaptive strategies 
refer to proactive and anticipatory changes over 
long periods to reduce the impacts of recurrent 
threats or gradual changes [22].  
 
2. MATERIALS AND METHODS  
 
2.1 Study Area 
 
This study was carried out in the Bamenda 
highlands (17,300 km2 (6,680 sq mi)) of North 
West western Cameroon located between 
latitudes 5°40’ and 7° to the North of the equator,  
and between longitudes 9°45 and 11°10’ to the 
East of the Meridian. It is bordered to the south-
west by the South-West region, to the south by 
West Region, to the east by Adamawa Region, 
and to the north by the Federal Republic of 
Nigeria (Fig. 1). 

 
As per the 2005 population census, the region 
counts 1,728,953 people with a density of 100 
/km2. Although these divisions are separated 
from each other by less than 200 km, differences 
in elevation and wind exposure account for 
differences in local climates, for example, 
temperature and orographic precipitation.  
 
The region is characterized by accidental relief of 
massifs and mountains. It features several 
dormant volcanoes, including the Mount Oku of 
all. A cool temperate-like climate, influenced 
mainly by mountainous terrain and rugged 
topography also characterized the region. 
Average rainfall is about 2400 mm, temperature 
average 23°C, ranging between 15°-32°C [23]. 
There are two main seasons; the rainy season 
which starts from April and ends in October, and 
dry season from November to February. The dry
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Fig. 1. Location of study area with sampling points  (in grey) 
(Source: Adapted from http://en.wikipedia.org) 

 
season is characterized by the Harmattan with 
dry air. Forests once largely covered the 
Bamenda Highlands region of Cameroon. 
However, the forests were progressively cleared 
for farmland and grazing, and today, only 
patches remain. Although small, these patches 
are recognized as globally important sites for 
conservation of biological diversity. According to 
the 2005 population census result, the population 
of region was about 1.75 million. 
 
2.2 Design 
 
This was a household-based descriptive cross-
sectional study. A “bottom-up” approach, which 
seeks to gain insights from the farmers 
themselves based on a farm household survey, 
was employed. Farm-level data were collected 
from 200 households for the farming season 
2012–2013. A multi-stage sampling technique 
was used to select respondents for the study. In 
stage one, four divisions were selected by a 
simple random sampling technique utilizing a 
ballot method. In the second stage, two 
rural/peri-urban villages were chosen by a simple 
random sampling technique from each of the 
divisions. In stage three, for each village chosen, 
streets were selected using a systematic 
sampling method. In stage four, for each street 
selected houses were selected using a 
systematic random sampling method. In stage 
five, purposive snowball sampling [24] was used 

to select the sample units (farmers). The 
participants were purposively selected in order to 
gain insights from a cross-section of the village 
with respect to experiences and knowledge 
related to the study over the past three decades. 
Hence, the sample consisted only farmers aged 
30 or more years made up of men and women 
with varying livelihood opportunities.  
 

2.3 Data Collection 
 

Secondary  data  were collected on climate 
attributes from a review of literature on climate 
change. The literature review included various 
published and unpublished sources on traditional 
knowledge and climate change [e.g. [25-26], 
research papers [e.g. [27] and other written 
materials. This led to the compilation of a 
database that identified and described a broad 
set of institutions working on climate change and 
adaptation strategies in the region. Two distinct 
domestic climate-change related data sources 
were explored: Farmer’s survey and Institutional 
survey. 
 

Primary data  collection used both qualitative 
and quantitative approaches. The qualitative 
methods of data collection used include 
Participatory Rural Appraisal (PRA) techniques 
such as historical trend analysis and Focus 
Group Discussions (FGDs). A checklist of topics 
for semi-structured interviews and focus group 
discussions was established (Table 1). 
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Table 1. Checklist of topics for semi-structured in terviews and focus group discussions 
 
Key theme Variables investigated 
Background information of respondent - Educational level 

- Income level 
- Household size 
- Rainfall and temperature variability 
- Timelines and trend lines 

Current exposure sensitivities Climatic risks/ hazards : 
- Temperature changes 
- Precipitation changes 
- Droughts 
- Perception(s) towards major climatic hazards 
- Biophysical/Social/Economic 
- Water and climate 
- Historical data(when and how exposed) 

Current adaptive/response strategies Present adaptive practices/ responses:  
- Formal and Local response mechanisms 
- How exposures are managed 
- What constrains adaptive strategies 

 
The quantitative method used is a household 
questionnaire survey. Questions in the survey 
included changes in weather patterns over a ten-
year period in relation to agriculture and what 
might have caused these changes. General 
household characteristics were also captured in 
this survey. Perception questions were asked 
from the respondents to know the level of their 
perceptions about climate change and weather 
variability. The questions were structured to 
capture issues like causes, effect and the belief 
of the people about climate and weather 
variability. The accuracy of farmers’ perceptions 
of climate change was assessed by comparing 
their perceptions of long-term changes in 
temperature and precipitation with climate trends 
from meteorological the regional data. Attitudes 
about the causes and effects of climate change 
were measured on a 5-point Likert-scale 
(Strongly Agree, Agree, Neutral, Disagree, and 
Strongly Disagree) was used. 
 
2.4 Data Analysis 
 
All responses from the interviews were analyzed 
through latent content analysis, a procedure that 
aims to identify themes and meanings from the 
data [24]. Data were coded based on the themes 
of perception, adaptive capacity and exposures 
to which producers are sensitive. The extreme 
climatic coincidence (precipitation and 
temperature) and/or annual climatic change 
trends were analyzed by comparing with the 
climatic data and the primary data and secondary 

data collected from literatures. The annual 
precipitation and temperature trends were 
analyzed using Excel and SPSS statistical 
package.  
 
The next step in the statistical analysis was to 
compare households “with” and “without” barrier 
to climate change adaptation strategies on 
demographic, socioeconomic, income and 
coping strategy variables. Households with lack 
of information, lack knowledge concerning 
appropriate adaptations about climate change, 
no access to credit and lack market access were 
categorized as “barrier” households. Descriptive 
statistics were used to analyze socioeconomic 
characteristics of the respondents. Evidence of 
association between socioeconomic/ 
demographic variables and attitudes was 
explored by cross-tabulation and measured using 
Chi-square analysis. 
 
3. RESULTS AND DISCUSSION 
 
3.1 Socioeconomic Characteristics of 

Respondents 
 
The 200 respondents included in the study 
comprised 122 females (61%) and 78 males 
(39%). The modal age range is 30-40 years 
(39%), most of them are married (73%), with 
majority of the household size (48%) being 
between 6-10 (Table 2). 
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Table 2. Respondents’ distribution by socio-economi c characteristics 
 

Household characteristics  Frequency  Percentage of  respondents  
Age (years) 
30 – 40 
40 – 50 
50 – 60 
60 – 70 
≥ 70 

 
78 
74 
32 
10 
6 

 
39 
37 
16 
5 
3 

Marital status 
Single 
Married 
Divorced 
Widow(er) 

 
33 
146 
6 
15 

 
16.5 
73 
3 
7.5 

Educational level 
No formal education 
Primary education 
Secondary education 
Tertiary education 

 
23 
88 
38 
51 

 
11.5 
44 
19 
25.5 

Gender 
Female 
Male 

 
122 
78 

 
61 
39 

Household size 
≤ 5 
6– 10 
>10 

 
84 
96 
20 

 
42 
48 
10 

Average monthly income   (FCFA) 
≤ 100,000 
100,001 – 500,000 
500,001 – 1,000,000 
≥ 1,000,000 

 
76 
112 
10 
2 

 
38 
56 
5 
1 

Access to credit 
No 
Yes 

 
144 
56 

 
72 
28 

Access to extension services 
No 
Yes 

 
156 
44 

 
78 
22 

1USD equivalent to 450FCFA as at 2012. (Field Survey, 2012) 
 
An age range of 30-40 years indicate that 
majority of the households in the region are in 
their active working ages. The males have 
ownership over the land, the farming sector is 
dominated by women. The average household 
size was seven (7) signifying that the size was 
fairly large enough to influence the adoption of a 
new technology significantly as well as assisting 
to reduce labour intensive and costs in the long 
run.  
 
Education is one of the key variables structuring 
farmers’ decisions of an adaptation method. The 
nexus between increase in awareness with 
increase in age, level of education and farming 
experience is understandable given that climate 
change is a long term phenomenon that can only 

be apprehended and understood with time and 
practical experience. Also, literacy permits 
access to climate change awareness information 
not usually available to non-literates. 
 
Quite a large number of the respondents (56%) 
earn 100,001 – 500,000 FCFA per year from 
their arable crop produce and this is significantly 
different between households “with” and “without” 
barrier to adaptation to climate change 
adaptation strategies (χ2

(0.05,3)=2.177, P=0.03). 
Wealth is believed to reflect past achievements 
of households and their ability to bear risks. 
Thus, households with higher income and 
greater assets are in better position to adopt new 
farming technologies. 
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Only 28% and 22% had access to credit (both 
formal and informal) and extension services 
respectively. Access to rural services such as 
extension and credit also increases the likelihood 
of adaptation. It also increases the likelihood that 
farmers will diversify their portfolios and buy feed 
supplements for their livestock. Farmers with 
access to extension services and who are 
therefore more likely to have knowledge of 
management practices to address climate 
changes were more likely to diversify their 
portfolios in an effort to reduce risk. 
 
3.2 Seasonality According to Different 

Perspectives 
 
3.2.1 From meteorological records  
 
The Bamenda highlands experiences only minor 
seasonality with mean annual precipitation from 
2400 to 3000 mm in an average year. Similarly, 
mean annual temperature varies from 18.7° to 
21°C (Fig. 2). 
 

Precipitation trends during the growing season 
from February to April showed that annual rainfall 
data in the study area had been in declining 
trends for the past seasons since 1980 (Fig. 3). 
 
However, total rainfall during this season 
appears to decrease at non-significant rate (R2 = 
0.062; P >0.124). The most affected months are 
February (R2 = 0.0173, P>0.12) and March (R2 = 
0.034, P>0.056). 
 
3.2.2 According to local farmers’ perceptions  
 
Climate change meant different things to 
farmers. Some attributed it to reduced 
rainfall/drought (20.7%), others to increase 
temperatures (20.3%), while as little as 4% had 
no idea. Of the 96% who identified a definition for 
climate change, 84% agreed that they have been 
experiencing the phenomenon for the past two 
decades and more with human activities and 
civilization (51%) thought to be the main causes 
(Table 3).  
 

 
 

Fig. 2. Mean annual temperatures and precipitation in the Bamenda highlands based  
on field data 

 

 
 

Fig. 3. Annual rainfall deviation (%) from the mean  (2320.26 mm) for the Bamenda Highlands 
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Table 3. Perceptions of causes of climate change 
 

Variables  Frequency  Percentage  
Madam/ Daddy, in your opinion, what do you understand by climate change* 

� God’s work 78 13.0 
� Reduced rainfall/drought 124 20.7 
� Increase temperatures 122 20.3 
� Change in the periodicity/pattern of rainfall 66 11.0 
� Prolonged dry season 98 16.3 
� Cutting down trees 88 14.7 
� I don’t know 24 4.0 

Has there been any change in climate in the last 20 years? 
� Yes 168 84 
� No 32 16 

What do you think are causes or reasons for climate change*? 
� Changing rainfall and temperatures patterns 86 18.3 
� Men’s sins 68 14.5 
� Increased population 44 9.4 
� Men’s activities 142 30.2 
� Civilization/modernization 98 20.9 
� I don’t know 32 6.8 

*Multiple response questions 
 
Farmers often referred to the Bible arguing that 
disobedience of humankind to God’s principles 
and/or lack of respect to ancestral spirits and 
other customs caused climate change. The 
second most common set of causes was 
associated with environmental explanations that 
identified deforestation, pollution from industries 
and modernization as causes of climate change.  
 
With regard to climatic variables, below-normal 
rainfall years are occurring more and more 
frequently, resulting in poor harvests especially 
with the lack of early-maturing and drought-
tolerant varieties. Shortage of dry-season fodder 
has also become a major impediment to livestock 
production, exacerbating food and income 
insecurity in the region. There is general 
consensus among farmers in the region that 
these have increased over the past decades with 

dry seasons becoming hotter and drier while 
rainy seasons colder (Table 4). 
 

The perceptions on temperature and rainfall are 
confirmed by the foregoing local statistical record 
for the region for the past decades (1945 to 
date). Research has suggested that the risks of 
diarrheal disease may be augmented, and 
potential child-health impacts such as 
gastrointestinal disease, malnutrition, and 
psychological trauma are likely to increase with 
higher temperatures [28].   
 

3.2.3 Perceptions of changes in the onset 
and offset of seasons  

 

Most farmers experienced changes in the onset 
of the dry season (40.55%) and the rainy season 
(54.78%). Similar trend were observed on the 
offset of seasons (Table 5).  

 
Table 4. Perceptions of farmers to change in climat ic variables (% of the respondents) 

 
Perception  

Climatic variables  Increased (n=200)  Decreased  (n=200) Stayed the same  (n=200) 
Temperature:  

- Cold 
- Hot 

 
83 
23 

 
12.3 
28 

 
4.7 
24 

Rainfall  57 30 13 
Extreme events: 

- Drought 
- Floods 

 
57.3 
52.6 

 
27 
12.4 

 
15.7 
34.3 

Duration of seasons: 
- Dry 
- Rainy 

 
80 
80 

 
3.2 
5.2 

 
16.7 
14.8 
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Table 5. Farmers’ perceptions of changes in the ons et and offset of seasons 
 
Perceptions  Dry season  Rainy season  

Onset  (n=400) Offset  (n=400) Onset  (n=400) Offset  (n=400) 
Comes early (%) 40.55 9.23 54.78 58.99 
Delays (%) 25.54 47.21 25.75 14.47 
No change (%) 33.91 43.56 19.47 26.54 

 
Most farmers felt that the rainy season started 
later and stopped later in the recent past as 
compared to a long time ago. In all the divisions, 
there was a general consensus that dry and 
extended spells are now more intense than 
decades ago. In the words of a key informant in 
the area, 
 

“I can say that temperature is higher 
compared to 20 years ago. Our trees are 
drying up; young trees die and some of our 
agricultural crops like colocasia, cocoyams 
and bananas are being damaged by strange 
insect pests. Worst, we had watched our 
streams dry and spent sleepless night taking 
turns in fetching water from distant water 
sources that had managed to survive the 
drought. Stream biodiversities including 
butterflies have disappeared, and we could 
hardly see fishes which use to inhabit most 
of our streams”. 

 
Farmers further reported late onset and end of 
rain, with the onset and end of the rainy and dry 
seasons becoming more undefined. In the words 
of a key informant in the area,  
 

“…….. the rains came on the first week of 
March and stopped in October each year, 
marking the beginning and end of the rainy 
seasons. But now our days, rains don’t start 
until mid-April and or early May and 
sometimes extends way into the first weeks 
of December. At times we have excessive 
rain and strong winds, which sometimes 
leads to flooding. I cannot conclusively say 
when the rainy and dry season will start and 
end next year”. Sometimes it rains 
continuously such that we cannot weed nor 
do any work. Other times instead of the rains 
reducing and stopping, it continues and 
sometimes falls heavily destroying our crops 
that were ready for harvesting. It is difficult to 
understand the rains nowadays. 

 
In general, villagers reported that they make 
decisions regarding hunting, or preparing and 
planting gardens based on their experiences and 
perceptions. They plant their vegetables during 

the wet season, but they need dry days to 
prepare the land. They decide when to plant their 
gardens based on the rain. They also pay 
attention to heavy rains for fear of flash floods. 
None of the informants predicted major changes 
in the region’s climate in the next decade(s). 
Their focus was on interannual variability and 
current trends from what they had experienced 
(more frequent droughts, floods and whirlwinds). 
 
3.3 Negative and Positive Effects of 

Climate Change 
 
Negative effects of climate change were cited by 
81.4% of respondents. The three most common 
negative effects were poor crop production (due 
to flooding, prolonged dry spells and droughts), 
poor livestock production (due to increased 
diseases) and increased food insecurity            
(Table 6).  
 

Table 6. Areas where negative effects have 
been noticed 

 
Areas where negative effects 
have been noticed 

Count (%)  

Poor crop production 25 (%) 
Soil erosion 24 (%) 
Increase in pests and diseases 36 (%) 
Increase in household food 
insecurity 

54 (%) 

Poor livestock production 20 (%) 
Increased suffering and poverty 13 (%) 
Note: A multi response frame was used. Hence, total 

count is more than the number of respondents 
 
Farmer’s perceptions of production problems 
range from climate related factors: drought, 
floods, and wind (25.8%), plant diseases 
(15.8%), and insects (18.8%) (Fig. 4). 
 
It had been predicted [24] that increased 
temperatures are expected to reduce crop yields 
and increase levels of food insecurity even in the 
moist tropics Due to these risks, farmers have 
been adjusting their farming practices. The 
agricultural practices also have both direct and 
indirect influence on crop productivity.  
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Fig. 4. Farmers perception of production problems i n the Bamenda highlands, Cameroon 
 

The 19.6% who perceived positive effects of 
climate change identified increased access to 
adequate water for both people and livestock due 
to floods (47%), increased and better crop 
production mostly through gardening (46%) and 
increased access to enough water and increased 
production of crops or livestock (25%) (Table 7). 
 
Farmers explained that vegetable gardens were 
doing better because of increased water from 
flooding. Due to prolonged cold season, farmers 
explained that they could work more hours.  
 
A critical observation of the responses suggests 
that certain factors seem to influence the 
likelihood that farmers will perceive climate 
change. Having fertile soil and access to water 
for irrigation decreases the likelihood that 
farmers will perceive climate changes, whereas 
education, experience, and access to extension 
services increase the likelihood that farmers will 
perceive climate changes. This suggests that 
perceptions are not based entirely on actual 
climate conditions and changes but are also 
influenced by other factors. 
 
Farmers who have noticed increase in 
productivity concurs with slow but gradual 
increase of use of modern agricultural practices 
(especially organic farming) for the past 10 years 
as compared to the past 20 years. These 
agricultural practices were significantly observed 
in Bui division where the there is some degree of 

implementation of the activities of the non-
governmental organisation, the Strategic 
Humanitarian Services (SHUMAS). The 
presence of this organization has led to a degree 
of conservation agriculture that has contributed 
to improved soil fertility management, increase of 
crops grown by the farmers, weed management 
as well as use of pest and disease control 
measures. Other studies have shown higher 
infiltration rates and water holding capacity in 
conservation agriculture plots than in 
conventional agriculture plots [29]. 
 
Conservation agriculture had been reported as 
potentially contributing in addressing the 
challenge of adapting agricultural practices to 
climate change [30]. It is an agricultural system 
involving minimum soil disturbance, permanent 
residue soil cover and diversified crop rotation 
[31]. It reduces negative impacts of climate 
change by optimizing crop yields and profits 
while maintaining a balance between agricultural, 
economic and environmental benefits [32-33]. 
 

3.4 Climate Change  Adaptation Strategies  
 

Understanding how local farmers experience 
climate variations and how they anticipate or 
react to them is likely to become crucial in the 
context of climate change. Some practices, such 
as mixed cropping and dispersal of sago and 
other crops in different locations, may provide 
some resilience (Table 8).  

 
Table 7. Smallholder farmers' perceptions of positi ve effects of climate change 

 
Areas where positive effects have been noticed  Counts (%) 
Increased access to adequate water for both people and livestock due to floods 47 (%) 
Increased access to enough water and increased production of crops or livestock 25 (%) 
Increased and better crop production mostly through gardening 45 (%) 
Increased and better livestock production 12 (%) 
Increased household food security 12 (%) 
Better crop and livestock production 17 (%) 

Note: A multi response frame was used. Hence, total count is more than the number of respondents 
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Table 8. Ecological and socioeconomic adaptation me thods employed by farmers 
 

ID Adaptation method  Frequency  Percentage  
 No adaptation 10 1.1 
1 Adoption of varieties with increased resistance to  heat shock 

and drought 
12 1.3 

2 Use forest resources (Non timber forest products) 16 1.8 
3 Planting of tree 24 2.7 
4 Changing the planting dates 130 15.8 
5 Early and late planting 52 5.8 
6 Cultivation of short duration crops 74 8.2 
7 Application of organic manures 126 14.0 
8 Agroforestry practices 84 9.3 
9 Traditional moisture holding practices  

(shedding, tillage, breaking top soil) 
200 22.2 

10 Mono-cropping abandoned for mixed cropping 172 19.1 
 Total 900 100.0 

 
While crop diversification, conservation 
agriculture and gardening are the common 
adaptation measures used by arable farmers, 
increasing livestock diversity and seeking 
support from veterinary officers are the measures 
taken by livestock farmers. Several reasons are 
behind diversification of farming activities as 
practiced by the grassland people, including the 
reduction of economic risk and provision of a 
more diverse diet, particularly from food crops. 
An anticipatory action to avoid flood damage was 
to locate gardens outside flood-prone areas, 
although issues regarding land rights sometimes 
encourage people to plant wherever they can, 
including on riverbanks. 
 
One of the most important ecological and 
socioeconomic adaptation methods employed by 
farmers is the use of non-timber forest products. 
While honey is the most common NTFP 
exploited by farmers in Bui division, Gnetum 
africanum, Irvingia gabunensis, and many other 
NTFPs are extracted in Momo division. Wood 
and medicinal plants are common in all divisions 
of the region but the quantities are fast degrading 
especially in areas like Mezam division where 
uncontrolled urban sprawl is gradually extincting 
these products.  
 
Elsewhere, indigenous people have used 
biodiversity as a buffer against variation, change 
and catastrophe; in the face of plague, if one 
crop fails, another will survive [34]. In coping with 
risk due to excessive or low rainfall, drought and 
crop failure, some traditional people grow many 
different crops and varieties with different 
susceptibility to drought and floods and 
supplement these by hunting, fishing and 

gathering wild food plants. The diversity of crops 
and food resources is often matched by a similar 
diversity in location of fields, as a safety measure 
to ensure that in the face of extreme weather 
some fields will survive to produce harvestable 
crops.  
 
Several studies link exclusion from forest 
resources to vulnerability. For example, 
temperature increases and irregular rainfall in the 
Endau hilltop, Kenya, have led to decreased 
yields, crop failure, and water scarcity, severely 
impacting farmers and pastoralists without 
access to forest products such as wood, honey, 
herbs, bushmeat, and fodder [35]. In many 
coastal areas of South and South-east Asia, 
mangrove forest conversion or exclusion from 
access has increased the vulnerability of poor 
coastal communities. When mangroves are 
restored and accessible, people have access to 
diversified products (fish, firewood, timber, 
construction material, fodder, medicinal plants, 
and honey) and are more resilient to climate 
hazards, as was shown in Vietnam [36], in 
Bangladesh [34] and in the Philippines [37].  
 
3.4.1 Traditional practices contributing to 

climate change adaptation in the region  
 
3.4.1.1 Forestry 
 
Local farmers considered local forests vital to 
their livelihoods (Fig. 5) for food (bush meat, 
gnetum leaves, and fruits), water (regulating 
water flow, protection of watersheds, and 
providing clean water), source of timber, 
firewood, agriculture, and as a reserve of 
products for future generations. 



 
 
 
 

Innocent et al.; BJAST, 12(5): 1-18, 2016; Article no.BJAST.21818 
 
 

 
12 

 

 
 

Fig. 5. Farmers’ perception on the importance of th e forest (based on multiple responses) 
 
Generally, forests influence rainfall interception, 
evapotranspiration, water infiltration, and 
groundwater recharge. They contribute to 
regulating base flows during dry seasons and 
peak flows during rainfall events, both of which 
are services of utmost importance for the 
adaptation of people to climate variability and 
change. They are also important as sacred areas 
and for spiritual reasons. As a result, several 
forestry practices based on traditional ecological 
knowledge lead to the mitigation of climate 
change impacts in the region: 
 
Trees around dwelling houses : Subsistence 
farmers in all the divisions surveyed had large 
scattered trees around their houses. These are 
an adaptive asset as they act as keystone 
structures over the landscape continuum and 
support dependent biodiversity as well as 
livelihoods. Trees can be beneficial for cash 
crops such as coffee and cacao as well. Coffee 
is sensitive to microclimate fluctuations, e.g., the 
optimal temperature range for Arabica coffee is 
18–21°C [38]. Shade trees control temperature 
and humidity fluctuations and can also provide 
protection from wind and storm events that 
defoliate coffee trees [39]. However, this practice 
diminishes as you move closer to the urban 
areas. 
 
Sacred groves:  They are common on very small 
scales around 95% of the chiefdoms in the 
Bamenda highlands. These do not only protect 
natural forest patches on religious norms, but 
also support flora and fauna in various agro-
ecological zones. These green patches 
constitute a unique example of in situ 
conservation of our genetic resources. Such 

areas show microclimatic conditions with their 
own distinct floral and faunal values.  
 
Sacred trees:  Sacred trees are believed to be 
the dwelling place of god. These ecological and 
cultural keystones also support livelihoods. 
Unfortunately, the spread of Christianity is fast 
eroding this practice, felling the trees under the 
pretext that they are possessed by evil spirits. 
The absence of working conservation laws and 
other enabling conditions for environmental 
conservation are further threats to the 
environment. 
 
3.4.1.2 Agriculture 
 
Local farmers have been adapting to prevailing 
climatic conditions by selecting drought-resistant 
crop varieties, moisture-conserving cropping 
systems, mixed farming and agroforestry. 
 

a) Mixed cropping: The practice includes 
sowing of different types of crops in 
combination with other practices of 
vegetation management. The practice 
reduces vulnerability due to monsoon and 
climate variability by ensuring some 
production. 

b) Traditional agroforestry: Agroforestry has 
the potential to improve soil fertility. This is 
mainly based on the increase of soil 
organic matter and biological nitrogen 
fixation by leguminous trees. Trees on 
farms also facilitate tighter nutrient cycling 
than mono-culture systems, and enrich the 
soil with nutrients and organic matter, while 
improving soil structural properties. 
Through water tapping and prevention of 
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nutrient leaching trees help recover 
nutrients, conserve soil moisture and 
improve soil organic matter. The 
contributions of agroforestry systems are 
diverse including:  

 
i. biodiversity conservation;  
ii. yield of goods and services to society; 
iii. augmentation of the carbon storage in 

agroecosystems;  
iv. enhancing the fertility of the soils; and  
v. providing social and economic well-being 

to people  
 
Relationship between adaptation, assets, and 
multiple stressors become more discernible from 
the perspective of agroforestry. Growing trees 
and crops together in farmlands is useful in 
maintaining production during both wetter and 
drier years. During the drought deep root 
systems of trees are able to explore a larger soil 
volume for water and nutrients, which will help 
during droughts. Furthermore, increased soil 
porosity, reduced runoff and increased soil cover 
lead to increased water infiltration and retention 
in the soil profile which can reduce moisture 
stress during low rainfall years. Tree-based 
systems also have higher evapotranspiration 
rates and can thus maintain aerated soil 
conditions by pumping excess water out of the 
soil profile more rapidly than other production 
systems. Finally, tree-based production systems 
often produce crops of higher value than row 
crops. Thus, diversifying the production system 
to include a significant tree component may 
buffer against income risks associated with 
climatic variability. 
 
3.4.1.3 Livestocks 
 
Crop-livestock systems are the most prevalent 
agricultural land-use systems in the Bamenda 
highlands of Cameroon and the main livelihood 
strategy. The Fulanis earn their living almost 
exclusively from raising cattle, goats, sheep, and 
horses in a free-ranging farming system in the 
hills. During prolonged dry seasons herders 
generally have less access to fodder for their 
animals. They have therefore adopted a number 
of adaptation strategies inorder to cope with such 
unfavourable conditions: 
 
� Some have switched to off-farm income 

generating activities and have reduced the 
number of livestock, by slaughtering and/or 
selling them during extended drought 
periods and restocking after the drought. 
Some other livestock farmers have 

switched to livestock that can withstand 
water stress and hot temperatures 
(poultry). 

� In the most recent past, some have 
migrated well down the valleys, where 
there is generally more moisture to support 
vegetation. Some move to the riparian 
vegetation where there are often favorable 
conditions for the growth of vegetation. 
This practice, however, often has a lot of 
negative externalities. Of particular 
importance is the contamination of water 
resources by faeces and urine from the 
cattle that eventually increase the 
concentration of faecal coliforms in 
streams. In most cases, food crops and 
vegetables are often destroyed leading to 
the common farmer-grazer conflict in the 
region. At the same time, should herders 
not do so, they risk losing many cattle, 
their milk production will be very low, and 
their incomes and livelihood threatened. 

 
3.5 Barriers to Climate Change 

Adaptation in the Region 
 
Barrier to climate change is here defined as 
obstacles that delay, divert, or temporarily block 
the adaptation process, but which can be 
overcome with concerted efforts, creative 
management, change of thinking, prioritization, 
and any related shifts in resources, land uses, or 
institutions. The farmers identified lack of 
information on climate change impacts and 
adaptation options, lack of access to credit, 
access to water, high cost of adaptation, 
insecure property rights and lack of access to 
sufficient farm inputs as the main barriers to the 
adoption of any adaptation measure (Table 9). 
 
Farmers expressed the view that among many of 
the sources of information, agricultural extension 
is the most important for analyzing the adoption 
decisions of adaptive measures. The results 
agree with the hypothesis that farmers who have 
significant extension contacts have better 
chances of being aware of changing climatic 
conditions as well as adaptation measures in 
response to the changes in these conditions [40]. 
Managing the connections among agriculture, 
natural resource conservation, and the 
environment must be an integral part of using 
agriculture for development. 
 
Access to credit also increases the likelihood that 
farmers will diversify their portfolios and buy feed 
supplements for their livestock. It also increases 
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financial resources of farmers and their ability to 
meet transaction costs associated with various 
adaptation options they might want to adopt. 
Other barriers to climate change adaptation 
technologies were found to include; high cost of 
adaptation measures and insecure property 
rights growth in parts. 
 
3.5.1 Associations between barriers to 

climate change adaptation strategies 
with demographic and socioeconomic 
factors and coping strategies  

  
On the demographic and socioeconomic 
characteristics, famers “with” and “without” 
barrier to climate change adaptation strategies 
differed significantly on most of the independent 
variables (Table 10).  
 
In general, households with barrier to climate 
change adaptation strategies were characterized 
by larger household size, more children, low 
income, less access to credit, low household 
income. Although the farmers did not differ 
significantly on perceptions of income stability, 
more of the farmers “with barrier” reported short 
and long term income instability. The common 

responses for income instability were fluctuations 
in prices for agricultural commodity items such as 
cocoyams, plantains, potatoes, drying off and 
pollution of streams and rivers which affects fish 
catch and difficulty to do odd jobs or secure 
secondary employment to supplement. 
 
It is recognized that in developing countries, 
women are closest to nature and therefore play 
an important role in ensuring climate change 
mitigation. They are involved in household food 
production, participate in economic activities so 
as to supplement household incomes and are 
responsible for the care of the household 
members. In our study, more women who had 
access to climate information were income-
earners and being a housewife was a significant 
factor associated with barrier to climate change 
information. The combination of their working 
experience (socialization with other people) and 
ability to generate and control financial resources 
in the households may allow them to provide 
enough food for family members, manage 
income and food resources efficiently and be 
innovative in coping with household income or 
climate change risks.  

 
Table 9. Barriers to adaptation in the Bamenda High lands 

 
            Barrier 
 
 
Division  

Lack of 
information 
about 
climate 
change 

Insecure  
property  
rights 

Lack of 
knowledge 
concerning 
appropriate  
adaptations  

Poverty or 
lack of 
credit or 
savings 

High cost 
of 
adaptation 
measures 

No 
barriers 

Total 

Mezam, N (%) 5(11.1) 4(8.9) 10(22.2) 8(17.8) 6(13.3) 12(26.7) 45(100) 
Ngoh-ketunjia, 
N (%) 

8(15.1) 8(15.1) 10(18.9) 10(18.9) 8(15.1) 9(17.0) 53(100) 

Momo, N (%) 9(17.6) 5(9.8) 8(15.7) 7(13.7) 8(15.7) 14(27.5) 51(100) 
Bui, N (%) 7(13.7) 6(11.8) 9(17.6) 9(17.6) 10(19.6) 10(19.6) 51(100) 
Total 29(14.5) 23(11.5) 37(18.5) 34(17) 32(16) 45(22.5) 200(100) 

 
Table 10. Demographic/socioeconomic characteristics  of farmers “with” & “without barrier” 

adaptation strategies 
 
Characteristics  Without barrier 

(n = 144) 
With barrier 
(n = 56) 

p value*  

Household size Mean (SD) 5.4 (1.6) 7.7 (1.9) < 0.001 
Years of schooling (father) Mean 5.5 (2.6) 11.7 (2.3) < 0.001 
Years of schooling (mother) Mean (SD) 4.5 (2.3) 7.1 (2.5) < 0.001 
Household income (FCFA) Mean (SD) 53954.9 (37354) 87450 (41252) < 0.001 
Income per capita (FCFA) Mean(SD)  7125 (2542) 13654 (6458) < 0.001 
Access to credit/Savings N (%) 79 (94.0) 93 (80.2) < 0.001 
*Value is based on T-test or Chi-Square analysis for comparison of group mean differences and percentages of 

households within each group with such characteristics, respectively. SD: Standard Deviation 
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4. CONCLUSION 
 
Farmers in the Bamenda highland of Cameroon 
are adapting to changing circumstances with 
climate parameters playing a key role in their 
decision-making, though there are still a number 
of barriers to adaptation strategies. Our findings 
shed light on the urgency of mitigating 
greenhouse gas emissions if climates potentially 
harmful to biodiversity and society are to be 
prevented. This study has also shown that there 
is also a major improvement in knowledge and 
access to agricultural information among farmers 
with improved but inadequate access to media in 
the region. Though households in some 
divisions, especially in Bui observe positive major 
changes in their farming practices largely 
because of the heavy presence of a development 
NGO (SHUMAS), their productivity is still low.  
 
The research findings also underline the 
importance and need for local knowledge in 
several ways: 
 
� Smallholders do perceive their 

microclimate variations and are able to 
cope and adapt. There is an urgent need 
for the integration of local knowledge in 
critical climate policies to improve 
agricultural practices. For example, 
smallholders adapt to drought through an 
array of adaptations such as crop 
diversification, sale of livestock, migration 
and search of employment. 

� The views of the farmers suggest that 
people’s perceptions and their agricultural 
practices provide insights to what 
smallholders really need and prefer in 
adapting their agriculture to climatic 
variability. Smallholders’ knowledge points 
out what needs to be improved to enhance 
adaptive capacity, for example, access to 
veterinary services. 

 
The variability in yield response in this region, 
and the variability in households’ ability to adapt, 
suggest that, even given the limitations of this 
analysis, adaptation options need to be assessed 
at the level of the household and the local 
community, if research for development is to 
meet its poverty alleviation and food security 
targets in the face of global change. However, 
the potential consequences of an increase in 
further greenhouse gases emission are still not 
fully explored, but further temperature increase, 
changes of rainfall and more frequent extreme 
weather events are predicted. These factors 

raise the risks of ecological changes and the 
vulnerability of ecological systems in the region. 
 
There is need for a National Climate Change 
Response Strategy that will put in place robust 
measures needed to address most, if not all, of 
the challenges posed by climate variability and 
change. The Bamenda highlands can benefit 
greatly from developing a strategy for REDD in 
synergy with a national policy on adaptation to 
harness the multiple benefits offered by REDD – 
reducing carbon emissions, protecting forests for 
biodiversity, facilitating ecological adaptation on 
land and maintaining other critical ecosystem 
services. A sound regional strategy on REDD 
could bring benefits to local communities from 
REDD investments and build a strong foundation 
to undertake mitigation and adaptation activities 
in tandem. 
 
Plant breeding has the potential to play an 
important role in climate change adaptation. 
Encouraging local researchers and building 
strategic partnerships involving international 
research organisations, national programmes, 
the private sector and community based 
organisations is an important strategy. When 
backed by workable development agencies, can 
be effective in developing, testing and releasing 
new crop varieties that are adapted the changing 
climatic conditions.  
 
Communicating and enhancing the public 
awareness about vulnerability as well as 
individual/collective adaptive actions is critical. 
Awareness raising and communication with 
different stakeholders to create understanding 
and catalyze public participation and adoption of 
adaptation actions is essential. Raising public 
awareness will be a catalyst for any planned 
government interventions, enhancing society’s 
risk perception, eliciting possible adaptation 
action by policy makers and the public or 
preparing society for anticipated impacts of 
climate change.  
 
Given that few farmers adjusted their farming 
practices despite perceiving changes in climate, 
governments should facilitate adaptation by 
enabling farmers to overcome the barriers 
reported in this study. Specifically, policies 
should ensure that farmers have access to 
affordable credit, which would give them greater 
flexibility to modify their production strategies in 
response to climate change. Subsidizing farmers, 
capacity building and clearly defining property 
rights cannot be left out. Additional measures 
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required are improving off-farm income-earning 
opportunities, and facilitating a smooth transition 
from subsistence to commercial farming.  
 
There seem to be a contradiction between 
meteorological records and local perception. 
How formal measurements are taken, the 
precautions taken, frequency of measurements, 
the quality of weather instruments used and the 
qualification of those responsible for such 
measurements is yet to be investigated and is 
important for future research. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. World Meteorological Organisation, WMO. 

The State of Greenhouse Gases in the 
Atmosphere Based on Global 
Observations; 2013. Bulletin No.9. 
Available:http://www.wmo.int/pages/prog/a
rep/gaw/ghg/  
(Accessed, August 2015) 

2. IPCC, 2014: Climate change: Impacts, 
adaptation and vulnerability. Summaries, 
frequently asked questions and cross-
chapter boxes. A Contribution of Working 
Group II to the Fifth Assessment Report of 
the Intergovernmental Panel on Climate 
Change [Field CB, Barros VR, Dokken DJ, 
Mach KJ, Mastrandrea MD, Bilir TE, 
Chatterjee M, Ebi KL, Estrada YO, Genova 
RC, Girma B, Kissel ES, Levy AN, 
MacCracken S, Mastrandrea PR, White 
LL. (eds.)]. Cambridge University Press, 
Cambridge, United Kingdom and New 
York, NY, USA. 2014;1-32. 

3. FAO. Adaptation to Climate Change in 
Agriculture, Forestry, and Fisheries: 
perspective, framework and priorities. 
2007b, FAO, Rome.  

4. IPCC. Fourth Assessment Report: 
Summary for Policy Makers; 2007a. 
Available:http://www.ipcc.ch/ipccreports/ar
4-syr.htm 
(Acessed , 21/05/2015) 

5. FAO. Climate change and food security: A 
framework document. Summary. FAO 
Rome; 2007. 

6. Thompson HE, Berrang-Ford L, Ford JD. 
Climate change and Food Security in Sub-
Saharan Africa: A systematic literature 
review. Sustainability. 2010;2:2719-2733. 

7. Deressa Temesgen RM, Hassan C, 
Ringler, Tekie Alemu, Mahmud Yesuf. 
Determinants of farmers’ choice of 
adaptation methods to climate change in 
the Nile Basin of Ethiopia. Global 
Environmental Change. 2009;19:248-255. 

8. Bandyopadhyay S, Wang L, Wijnen M. 
Improving household survey instruments 
for understanding agricultural household 
adaptation to climate change: Water stress 
and variability. Living Standards 
Measurement Study-Integrated Surveys on 
Agriculture, Washington, D.C., USA; 2011. 

9. Bryan E, Ringler C, Okoba B, Roncoli C, 
Silvia S, Mario H. Coping with climate 
variability and adapting to climate change 
in Kenya: Household and community 
strategies and determinants. World Bank 
Report 3, project of Adaptation of 
Smallholder Agriculture to Climate Change 
in Kenya. 2010;21-28. 

10. Saroar MM, Routray JK. Impacts of 
climatic disasters in coastal Bangladesh: 
Why does private adaptive capacity differ? 
Regional Environmental Change. 2012; 
12:169-190. 

11. Orlove BS, Chiang JCH, Cane MA. 
Forecasting andean rainfall and crop yield 
from the influence of El Nino on Pleiades 
visibility. Nature. 2000;403:68-71 

12. Adesina AA, Zinnah MM. Technology 
characteristics, farmers' perceptions and 
adoption decisions: A Tobit model 
application in Sierra Leone. Agricultural 
Economics. 1993;9:297-311. 

13. Prager K, Posthumus H. Socio-Economic 
factors influencing farmers' adoption of soil 
conservation practices in Europe. In T. L. 
Napier (Ed.), Human Dimensions of Soil 
and Water Conservation: Nova Science 
Publishers. 2010;203-223. 

14. Posthumus H, Gardebroek C, Ruerd R. 
From participation to adoption: Comparing 
the effectiveness of soil conservation 
programs in the peruvian andes. Land 
Economics. 2010;86(4):645-667. 

15. Dessai S, Wilby RL. How can developing 
country decision makers incorporate 
uncertainty about climate risks into existing 
planning and policymaking processes? 
Washington D.C; 2010.  
Available:http://www.worldresourcesreport.
org  
(Accessed April 4th 2014) 

16. Barnett J, O’Neil S. Maladaptation. Global 
Environmental Change. 2010;20:211-213. 



 
 
 
 

Innocent et al.; BJAST, 12(5): 1-18, 2016; Article no.BJAST.21818 
 
 

 
17 

 

17. Eriksen SP, et al. When not every 
response to climate change is a good one: 
Identifying principles for sustainable 
adaptation. Climate and Development, 
2011;3(1):7-20. 

18. IPCC. Summary for Policymakers. In Parry 
ML, Canziani OF, Palutikof JP, van der 
Linden PJ, Hanson CE. (Eds.), Climate 
Change 2007: Impacts, Adaptation and 
Vulnerability. Contribution of Working 
Group II to the Fourth Assessment Report 
of the Intergovernmental Panel on Climate 
Change. Cambridge, UK and New York, 
NY, USA: Cambridge University Press; 
2007. 

19. Green D, Billy J, Tapim A. Indigenous 
Australians’ knowledge of weather and 
climate. Clim Change; 2010.   
DOI: 10.1007/s10584-010-9803-z 

20. Thornton TF, Scheer AM. Collaborative 
engagement of local and traditional 
knowledge and science in marine 
environments: A review. Ecol Soc. 2012;  
17:8 

21. Girot P, Ehrhart C, Oglethorpe JwR, 
Hannah, Rossing T, Gambarelli G, Jeans 
H, Barrow E, Martin S, Ikkala N, Phillips J. 
Integrating community and ecosystem-
based approaches in climate change 
adaptation responses. Ecosystems and 
Livelihoods Adaptation Network (ELAN). 
2011;19. 

22. Berkes F, Jolly D. Adapting to climate 
change: Social-ecological resilience in a 
Canadian western Arctic community. 
Conservation Ecology. 2002;5(2):18. 

23. Ndoh M, Jiwen G. Towards a sustainable 
land use option in the Bamenda Highlands, 
Cameroon: Implication for climate change 
mitigation, income generation and 
sustainable food supply. Research Journal 
of Applied Sciences. 2008;3:51-65. 

24. Dunn R.  Learning styles: Theory, research 
and practice.  National Forum of Applied 
Educational Research Journal. 2000;13(1): 
3-22. 

25. Nakashima DJ, Galloway MK, Thulstrup 
HD, Ramos Castillo A, Rubis JT. 
Weathering uncertainty: Traditional 
knowledge for climate change assessment 
and adaptation. Paris, UNESCO, and 
Darwin, UNU. 2012;120.  
Available:http://climate-
l.iisd.org/news/unesco-unu-launch-book-
on-traditional-knowledge-for-climate-
change-adaptation/  
(Accessed on 17/09/2015) 

26. Berkes F. Sacred ecology. Third edition. 
Routledge, London, UK; 2012. 

27. Hay I. Qualitative research methods in 
human geography. Oxford University 
Press, Oxford; 2000. 

28. Ebi KL, Paulson JA. Climate change and 
children. Pediatr Clin North Am. 2007; 
54:213–226. 

29. Marongwe LS, Kwazira K, Jenrich M, 
Thierfelder C, Kassam A, Friedrich T. An 
African success: The case of conservation 
agriculture in Zimbabwe. International 
Journal of Agricultural Sustainability. 2011; 
9(1):153–161. 

30. FAO. Climatic Risk Analysis in 
Conservation Agriculture in Varied 
Biophysical and Socio-economic Settings 
of Southern Africa. Rome: Food and 
Agriculture Organisation of the United 
Nations; 2011a. 

31. FAO. Conservation Agriculture: 
Conserving resources above and below 
the ground; 2008.  
Available:hftp://ftp.fao.org/  
(Accessed 12/12/2015) 

32. FAO. Socio-Economic Analysis of 
Conservation Agriculture in Southern 
Africa. Rome: Food and Agriculture 
Organisation of the United Nations; 2011b. 

33. Salick B, Byg A, eds. Indigenous peoples 
and climate change. Oxford, UK, Tyndall 
Centre for Climate Change Research; 
2007. 

34. Kelly PM, Adger WN. Theory and practice 
in assessing vulnerability to climate 
change and facilitating adaptation. Clim 
Change. 2000;47:325–352. 

35. Davies S. Are coping strategies a cop out? 
IDS Bulletin. 1993;24(4):60-72. 

36. Owuor B, Mauta W, Eriksen S. Adapting to 
climate change in a dryland mountain 
environment in Kenya. Mount Res Dev. 
2005;25:310–315. 

37. Iftekhar MS, Takama T. Perceptions of 
biodiversity, environmental services, and 
conservation of planted mangroves: A 
case study on Nijhum Dwip Island, 
Bangladesh. Wetl Ecol Manag. 2008; 
16:119–137. 

38. Locatelli B, Kanninen M, Brockhaus M, 
Colfer CJP, Murdiyarso D, Santoso H. 
Facing an uncertain future: How forest and 
people can adapt to climate change. 
Bogor, Indonesia: Center for International 
Forestry Research; 2008. 



 
 
 
 

Innocent et al.; BJAST, 12(5): 1-18, 2016; Article no.BJAST.21818 
 
 

 
18 

 

39. Lin B. Agroforestry management as an 
adaptive strategy against potential 
microclimate extremes in coffee 
agriculture. Agric Forest Meteorol. 2007; 
144:85–94. 

40. Lin B, Perfecto I, Vandermeer J. Synergies 
between agricultural intensification and 
climate change could create surprising 
vulnerabilities for crops. Bioscience. 2008; 
58:847–854. 

_________________________________________________________________________________ 
© 2016 Innocent et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/11953 


