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Abstract

A top-bottom approach where local problems are treated in isolation has proven
ineffective in achieving sustainable development. The need for inclusive
approaches to managing the demand for arable lands, forest resources, and the
problems of resource exploitation and climate change calls for local understand-
ing of these elements’ interrelationship. Understanding the interrelationships
among climate change, agriculture, and the ecosystems in different agroecolog-
ical zones in Nigeria was the purpose of this chapter. Deforestation and forest
degradation analysis approach was utilized. One state and two forest communities
from each of the rainforest, savannah, and mangrove agroecological zones were
purposively focused in this chapter based on forest distribution and cover. Focus
group discussions involving 252 male and female farmers using 30 years as
reference were used to garner relevant information. Climate variation caused a
slight modification in cropping schedules of farmers due to prolonged dry season,
mainly in the savannah region. Farmers engaged in mixed farming and also
cultivate more hardy crops like cassava in response to climate uncertainties.
Especially in the mangrove and savannah, ecosystem components such as agri-
culture and population showed increasing trends over the years as forest cover
reduces. Downward trend in charcoal production was limited to mangrove and
rainforest zones as fishing and hunting becomes vulnerable livelihoods across the
zones. The degree and progression of climate change effects on the ecosystem in
Nigeria agroecological zones is largely comparable and have both desirable and
adverse livelihood outcomes. Affordable insurance policy, credit, agri-inputs,
favorable forest regulatory framework, and youth empowerment supports
would enhance sustainable adjustment to climate change.

Keywords

Forest communities · Cropping calendar · Agroecology · Climate change ·
Vulnerability · Rural livelihoods · Nigeria

Introduction

Nigeria is seriously threatened by climate change with a significant proportion of its
terrestrial ecosystem on dry land mass which is frequently affected by desertifica-
tion, sheet erosion, and droughts. The coastal and mangrove agroecological zones in
the south are also prone to incessant flooding because of their proximity to the
Atlantic Ocean, riverine nature of the setting, the very low altitude, and all-year-
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round and high volume of rainfall. In recent times, variations in climatic conditions
have resulted in undesirable effects on food production and nutritional security.
Unfortunately, the country has very weak adaptive strategies and capacity to mitigate
the effects of a changing climate. Presently, the impacts of rising temperatures and
rainfall variability on farming are being felt across major agroecological zones in
Nigeria (Ayanlade et al. 2018).

Agricultural systems are dependent on ecosystem services such as nutrient
cycling, pollination, soil fertility, hydrological balances, and biological pest control
which ensure a balance in the ecosystem (Power 2010). However, agricultural
intensification in the last century has distorted the ecosystem equilibrium and led
to loss of ecological integrity, land degradation, and loss of environmental services
provided by the ecosystems. These conditions are further worsened due to increasing
effects of climate instability (Pretty et al. 2011). For instance, environmental prob-
lems such as groundwater depletion, variability in the onset and amounts of rainfall,
increase in concentration of greenhouse gases, soil degradation, depletion of polli-
nators’ habitat, which all have negative consequences on sustainable agriculture, are
climate change-induced.

Forest communities, which are highly vulnerable to these adverse effects, are
occupied by low-income earners who depend on the ecosystem for their income,
food, nutritional security, and livelihoods. Hence, these rural populations will be
seriously affected by climate change, with little or no resources to adapt or mitigate
its effects. It has been reported that the livelihoods of these communities are made
vulnerable by land use variation such as continuous grazing and monoculture
plantation. For example, in coastal and mangrove regions, there is a shortage of
food resources obtained from streams coupled and agricultural instability due to
increased flooding (Ward et al. 2016). Similarly, savannah and rainforest
agroecosystems are recording a decline in agricultural production outputs (Ayanlade
et al. 2018).

Natural resource utilization forms the base of most livelihoods in developing
countries including Nigeria. However, forest resources are gradually being depleted
due to the pressures of degradation and deforestation, poverty, urbanization, and
poor management (Azeez et al. 2010; Saka et al. 2013). In Nigeria and most parts of
Africa, shifting cultivation among small-holder farmers results in large-scale habitat
destruction (Cooper et al. 2008). For instance, over 75% of the Nigerian population
still lives in rural areas with vast areas of forest vegetation and depend on extensive
rain-fed farming as well as short fallows for their sustenance. However, this depen-
dence is limited by loss of forest biodiversity, climate change, and exposure of fragile
soils (Azeez et al. 2010).

Frequent changes in climate parameters affect the livelihoods of rural populations
and poses challenges to food security, survival, and economic development
(Tompkins and Adger 2004). For instance, savannah and tropical forest zones
have experienced a dramatic decrease in annual rainfall and an increase in the length
of dry season and rainfall variability (Malhi and Wright 2004; Veenendaal and
Swaine 1998). It is therefore pertinent to investigate the forest-dependent commu-
nities’ responses to the hazards posed by climate uncertainties on their environment
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and livelihoods (Lindner and Pretzsch 2013), as this will have important implica-
tions for sustainable development in the near future.

The capability of farming communities and agricultural stakeholders to manage
the challenges and prospects of present climatic patterns must primarily be improved
in order to enhance their adaptive capacity and reduce their exposure to the undesired
effects of changing climatic conditions (Cooper et al. 2008; Tompkins and Adger
2004). The challenges are complex and call for integrative learning-oriented
approaches that emerge from the bottom-up that will enable successful mitigation
and adaptation. These approaches offer pathways for vulnerable communities to
engage in developing response policies and ensure that there is room for change in
those policies (Lindner and Pretzsch 2013).

Adaptive management is a cyclic, multiple stakeholder learning-oriented approach
to the management of complex environmental problems such as climate change. The
introduction of such approaches would encourage multi-stakeholder participation and
the integration of all sectors in decision-making, policy formulation, and implementa-
tion (Stringer et al. 2006). Unfortunately, most policy implementers adopt a top-bottom
approach where local problems are treated in isolation, and this method has proven to
be ineffective in yielding or sustaining solutions. Therefore, the need for all-
encompassing approaches to manage the demand for arable lands, forest resources,
and the problems arising from resource exploitation and climate change (Lindner and
Pretzsch 2013; Tompkins and Adger 2004). A step towards achieving this is to
understand that the poor and vulnerable themselves are key actors in identifying
important areas of their own livelihoods and solutions to their challenges.

For instance, rural communities have in times past developed indigenous tech-
nologies which have assisted in mitigating the risks associated with climate vari-
ability. These technologies are represented in local customs, traditions, and
heritages, constituting a testimony of how societies have thrived well in various
environments (Azeez et al. 2010; Vidaurre de la Riva et al. 2013). Therefore,
research needs to integrate climate change impacts with sustainable agriculture in
a stressed ecosystem. Such information will bridge the knowledge gap and assist
planning for adapting and mitigating climate change. Therefore, this chapter
explains how agriculture, climate change, and the ecosystems interrelate among
themselves in the main agroecological zones of Nigeria. Specifically, this chapter
discussed the effects of the changing climate on farming calendar and local adapta-
tion measures employed, the trend in primary drivers of social vulnerability to
climate variability, the drivers of vulnerability to climate variation as perceived by
farmers, health and environmental effects of climate instability on forest communi-
ties in Nigeria, and forest inhabitants needs in services and or facilities for an
effective adjustment to climate change.

Forest Livelihoods and the Challenge of Changing Climate

Forests are mainly situated in rural areas and/or frequently isolated areas (Aruwajoye
and Ajibefun 2013). Apparently, such areas are in close harmony with nature with
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little development in terms of infrastructure (roads, potable water supply, markets,
health facilities, and schools), government services, and jobs. Thus, it is not surpris-
ing that communities living in the fringe of these forests have limited livelihood
opportunities and options (Wunder 2005). As a corollary to this, Bassey and Obong
(2008) and Nayak et al. (2012) assert that communities around forest fringe are low-
income earners who sought to build their economic capacity by engaging in the
livelihood options provided by the forest.

In Nigeria, more than 90% of the rural populace depend on forests for their
livelihood (Ayuk et al. 2011; Fadairo et al. 2017). These livelihood activities offered
by forests include hunting of animals, forest-based farming, timber logging, gather-
ing of building materials, collection of fuel wood for cooking or charcoal production,
materials for local craft, fodder (grasses and leaves for livestock and grazing of
livestock), medicinal plants, and non-timber forest products which include honey,
leaves, and fruits. Suffice it to say that these forest products derived from the various
livelihood activities are not solely for household consumption but also for commer-
cial purposes.

Studies have documented the benefits accruing from forest resources in the
livelihood activities of those inhabiting the fringes of forests as substantial
(Levang et al. 2005; Sunderlin et al. 2005). These benefits according to Warner
(2000) are increased income, improved food security, reduced vulnerability by
providing safety nets, and increased well-being. Furthermore, some of these
livelihood activities have social, religious, and cultural dimensions. For instance,
hunting may serve as a cultural event for initiation into manhood while fishing
maybe a social or cultural event. In addition to this, Shackleton (2004) opine that
forests provide sites for spiritual healing and religious practices. Hence, it is not
uncommon to find sacred places, herbalists, and native doctors in forest
communities.

Agriculture as an important livelihood activity in most forest communities is
affected by climate change in several ways, namely, changes in rainfall, standard
temperatures, and climate extremes (heat weaves). Climate change influences
planting and cropping conditions which in turn affects the supply of food. It
necessitates changes in farming methods, increases soil pressure, reduces water
supply to the root system, and increases farmers reliance on agrochemicals for
farming. In addition, crops stressed as a result of climate changes become more
susceptible to damage from diseases and pests. Animal husbandry industry is also
indirectly affected following climate-induced changes in the availability of grains,
pasture, and forages and its accustomed price increase. Animals health are usually
affected negatively by extreme heat (Enete 2014). Furthermore, peasant and
small-holder farmers who produce the bulk of food consumed in most developing
countries are usually vulnerable to climate uncertainties due to their small size of
farms, poor technology, and little working capital (Morton 2007). In addition, the
seasonal calendar which provides information on planting, sowing, and
harvestings periods of locally adopted crops in specific agroecological zones
(Fadairo et al. 2019) is distorted by climate variability, predisposing farmers to
risks arising from weather uncertainties.
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Agriculture, Climate Change, and Food Security

The occurrence of climate change is interlinked with the performance of agriculture
and attainment of food security. Agricultural production in most parts of Africa
including Nigeria has been seriously affected by environmental degradation caused
by climate change, making a case for serious intervention (Osuafor and Nnorom
2014). The current global climatic condition has both natural and man-made causes.
The reliance on rain-fed agriculture by most African countries both as a source of
income and consumption has resulted in their high vulnerability to climate change.
Some of the devastating effects includes: erosion, flooding, drought, pests and
diseases, desertification, gas emissions, fluctuation in rainfall patterns, and a host
of others. These factors in turn impact on agriculture and consequently threaten food
security. As a result, food security is at risk with a daily world population increase. In
order to forestall the danger ahead, the United Nations has clearly set the targets of
attaining food surplus, food security, and improved nutrition, and advancing sus-
tainable agriculture as number two among its 17 Sustainable Development Goals
(SDGs) for the year 2030.

According to Food and Agriculture Organization (2002) as cited by Coates
(2013), food security exists when all individuals, at every time, have socioeconomic
and physical access to adequate, nutritious, and safe food that meets their dietary
requirements and food preferences for a healthy and productive life. Therefore, food
security goes beyond having adequate supply of food but also include issues relating
to the food safety and hygiene. For instance, use of chemicals such as fertilizer in
planting or produce preservation as a response to climate fluctuation predisposes the
population to poor health. This assertion is in line with Kinsey (2005) who opined
that a nation is not regarded as food-secure just because food is available in the right
quantity needed by its populace, but also when the food consumption does not
predispose the people to any health hazard. In order to reduce the impacts of climate
change on agriculture, various coping strategies have been put in place. Osuafor and
Nnorom (2014) highlighted the strategies as including controlling greenhouse gases
emission; preventing deforestation; planting climate-smart, disease-tolerant, and
high yield crops; and adjustment of planting calendars by farmers.

Climate Change and Drivers of Social Vulnerability in Nigeria

In recent times, the variation in climate such as rise in temperature, increase in
rainfall causing flood, delayed and inconsistent rainfall causing drought, strong
wind, and landslides have threatened both the natural systems and the human society,
specifically causing internal displacement of persons, destruction of lives, properties,
and livelihood, food insecurity, disease outbreak, violence arising from struggle over
resources, and increased suffering and penury. Yet, the impact caused by these
climate extremes is not uniformly distributed among and within groups of people
in the same country, state, and/or community (Petkova et al. 2015). Thus, it is
unlikely for the impact of climate extremes to felt in the same way. Some groups
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or individual are likely to be more vulnerable than others. This underscores the need
for researches to continually explore comparative analysis of climate change impacts
across environmental, social, economic, and political factors in order to engender
sustainable solutions.

In the views of Petkova et al. (2015), climate change effects will vary among age
groups, sex, socioeconomic status, health condition, geographical location, and
nature of livelihoods of the people. A measure of the extent of exposure of groups
or individuals to stress as a result of the impacts of climate change extremes is known
as social vulnerability. In this chapter, livelihood of the forest-edge communities in
Nigeria is singled out among others for discussing the effects of vulnerability to
climate change. Hence, stress in this perspective refers to the interference of the
livelihood activities of groups or individuals in the face of climate extremes.

Evidence abounds that the people who are likely to be more susceptible to the
adverse effects of climate extremes are people in the rural areas. Rural Nigeria is
mainly agrarian with many of them living below the poverty line. Research reveals
that rural communities are inexplicably vulnerable to climate extremes because their
livelihoods are dependent on climate-sensitive activities (agriculture, forestry, fish-
ing, recreation) in their rural environment (Fisher et al. 2013). Therefore, the effect
of climate extremes poses a huge threat especially to the agrarian rural people many
of whom already live below the poverty line.

Theoretical Framework

The Sustainable Livelihood Framework, as presented below, was considered rele-
vant for underpinning the assumptions and approach utilized in this chapter.

Sustainable Livelihood Framework

Sustainable livelihood (SL) framework presents a tool for development workers to
understand, analyze, and explain the real factors that affecting poor people’s liveli-
hood (Petersen and Pedersen 2010). According to Carloni and Crowley (2005), a
livelihood comprises the assets (including both social and material endowments),
capabilities, and activities necessary to earn a living. Ability to manage and recover
from shocks and stresses, retain or enhance its assets and capabilities, while not
depleting the natural resource base is what makes a livelihood sustainable. SL
framework addresses the creation of guaranteed livelihoods for the poor by devel-
opment workers. The basic principle of SL is that development work ought to focus
on the people, with considerations of, what matters for the poor, cultural diversity,
and its effects on livelihood processes. Secondly, poor people themselves are major
actors in bringing about the change they desire. This is because they have a better
knowledge of issues affecting them much more than any external person (Petersen
and Pedersen 2010). The foregoing reechos the central argument in this chapter that
adequate understanding of the perspectives of the local people whose livelihoods are
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intertwined with and affected by climate variability is important for a more sustain-
able adaptation and mitigation measures for climate change. Hence, primary infor-
mation used for discussion in this chapter were derived from engagement with those
who are most affected in order to acquire their perspectives of their problems and
what things to change to improve their condition. The key components of the SL
framework are indicated in Fig. 1, and they include vulnerability context, livelihood
assets, structure and process for transformation, livelihood strategies, and livelihood
outcome.

Vulnerability context: This refers to people’s external environment. It includes
occurrences for which people have restricted or no control. Examples of such
occurrences are critical trends of economic inflation, natural disasters, shocks, and
seasonality, among others. The issue of vulnerability thus emerges when individuals
are exposed to harmful threats they are not well equipped to confront (Petersen and
Pedersen 2010).

Livelihood assets: Since the framework by nature focuses on the people, it
thus seeks to have a better consideration of the people’s power (capitals or
assets). Since the approach relies on the belief that achieving livelihood out-
comes requires a combination of assets, understanding how the conversion of
the people’s power to favorable livelihood outcomes becomes paramount. For
this reason, the framework identifies five forms of capitals which support liveli-
hoods. These are social, human, natural, financial, and physical capitals
(Petersen and Pedersen 2010).

Structure and process for transformation: This refers to the establishments and
regulations found from the household to the international levels that defines the
livelihoods of the poor. These establishments and regulations stimulate how people
access the various types of assets. Ownership rights and laws to secure individual
rights are examples of processes, whereas structures are things like existence of
ministries, banks with credit facilities for support groups and farmers (Petersen and
Pedersen 2010).

Fig. 1 Sustainable Livelihood Framework. (Source: DFID (2000), cited in Petersen and
Pedersen (2010))
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Livelihood strategies: This refer to the way in which people organize towards
achieving their anticipated livelihood and access to diverse types of resources
determine the approaches to be employed. Furthermore, societal opportunities or
constraints can be dictated by its structures and processes.

Finally, livelihood outcome refers to the resultant effect of livelihood strategies
assumed by the people. These effects could be better income, enhanced wellness,
decreased susceptibility, and food security, among others (Petersen and
Pedersen 2010).

Chapter Approach

This chapter utilized synthesis of literature and collection of primary data to reach its
conclusions. The field activities for primary information garnering were carried out in
Nigeria. Nigeria’s ecological environment consists of seven agroecological zones such
as saltwater swamp, freshwater swamp, Sudan savannah, guinea savannah, Sahel
savannah, tropical rainforest, and the montane zones. However, discussions in this
chapter are mainly focused on its three broadly classified agroecological zones namely
savannah, mangrove/swamp, and rainforest. Each of these agroecological zones has
their own peculiarities and supports a wide range of plant and animal species. Never-
theless, the tropical rainforest has been adjudged the richest. All adult residents in forest
communities who are engaged in farming and or other forest-based livelihood activities
were engaged in discussions. Adults who were 45 years and above at the time of the
field work were specifically targeted due to the 30 years reference period used in this
chapter. A two-stage sampling procedure was used. First, from each of the three major
agroecological zones, one state was purposively sampled based on distribution and
extent of forest cover. Second, two forest communities in each sampled state were
selected purposively based on intensification of climate variability in the past 15 years.
Thus, six forest communities namely Iyamitet, Ikom Agoi (Cross River State), Wawa-
Gbere, Emi-Hakimi Mokwa (Niger State), Osoku, and Fowowa (Ogun State) were
sampled for primary information garnering (Fig. 2). In each of the sampled locations, a
short survey was carried out to generate a pool of potential participants for focus group
discussions as follows:

Would you be willing to participate in a focus group discussion regarding climate change,
rural livelihoods and other related issues? The discussion would take about 2-3 hours on
. . .. . .. . .. . . (date) and you would be incentivised for participation. The discussion will be
audiotaped for the purposes of review by the researchers.

Yes [ ] No [ ]. Name. . .. . .. . .. . .. . . Phone no. . . .. . .. . .. . .
Age. . .. . .. . .. . .. . .. . .. . ...

Given the size of potential participants generated, four focus group discussions
comprising 10–12 members per group were held in each forest community. Thus,
qualitative data were collected from 24 focus group discussions held with 252 male and
female farmers in selected sites. Deforestation and Forest Degradation Analysis adapted
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from Tiani et al. (2015) was used in this chapter. Using a discussion guide and 30 years
as reference, primary information was sought on effects of climate change on farming
calendar, trends in primary drivers of social vulnerability to climate change, causes and
consequences of environmental degradation in forest communities, and communities
needs in services and/or facilities for an effective adaptation.

A visual representation showing seasonal activities among community members
on a flip chart was used to facilitate conversation on how climate change affects
farming calendar. Discussants indicated their cropping pattern in a calendar year, the
associated activities, and why the activities are conducted in order to provide
information on farmers’ local climate change adaptation measures. Also, participants
during the discussions used pebbles (stones) to proportionately represent areas
covered by each ecosystem components (population, agriculture, forest cover, hunt-
ing, and charcoal production) as perceived over the past 30-year period (Figs. 3, 4, 5,
and 6). The outcome of this exercise was represented in a single table to indicate the
trend as perceived by the discussants. Influence of climate change on local livelihood
activities were captured by asking participants to award scores to represent magni-
tude and impact of each climate parameter on available livelihood activities. Prob-
lem tree analysis and paired needs ranking participatory tools were used to
investigate health and environmental impacts of unstable climate on forest commu-
nities and communities needs in services and or facilities for an effective adaptation
to climate change, respectively.

During the discussions, audiotape recording, flip chart, and handwritten notes
were taken by researchers and were later transcribed. Primary information collected

Fig. 2 Map showing the focus group discussion locations within the agroecological zones of
Nigeria

1178 O. Fadairo et al.



were coded and analyzed based on thematic patterns in the participants responses to
issues raised in the focus group discussions. In doing this, particular attention was
paid to important quotes from some of the respondents. Some of these quotes are
used as evidences to support discussions in this chapter.

Limitations however exist in the approach used in this chapter due to language
barrier experienced in some of the field locations as we observed that some
respondents could not communicate well in the English language. Therefore,
the researchers relied on translators to interpret the questions to the respondents
and participants’ responses back to the researchers. Some content and meaning
may have been lost in this process. Also, due to the problems of insurgency,
farmer-herdsmen conflict, and other security issues, most states within the
savanna agroecological zone were deliberately excluded from the focus group
discussions.

Effects of Climate Variability on Cropping Calendar in Mangrove,
Rainforest, and Savannah Agroecological Zones of Nigeria

Farm households’ ability to grow enough food to feed themselves and their animals
is determined to a large extent by the weather since agricultural production depends
on climate variables, such as temperature, precipitation, and light. Therefore,

Fig. 3 Male participants
during focus group discussion
at Mokwa, Niger State on
March 9, 2018
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Fig. 4 Male participants during focus group discussions at Iyamitet, Cross River on 14 February,
2018

Fig. 5 Female participants at FGD at Mokwa on March 9, 2018
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shifts in temperature and precipitation are important parameters for farming com-
munities in the timely operations of farm operations. Table 1 shows the activities
done in relation to the major crops produced by each of the ecological zones. Yam,
cocoa, and maize were focal crops in the mangrove, rainforest, and savannah zones,
respectively. Within the mangrove ecological zone, the major activity between
January and May was land preparation, with dry and wet seasons being observed
in March 30 years ago. Currently, there is a little shift, as dry and wet seasons are
now being observed in April. It was clear that there is a relatively longer dry season
now compared to what it was 30 years ago as wet season was fully experienced from
April to September, lasting a period of 6 months. In the recent times, however, the
wet season now occur in May to August, lasting only 4 months. This trend is similar
to what is observed in the rainforest and savannah zones with extended dry season
compared with the referenced 30 years ago. This shows a drop in the duration of
rainfall across the three agroecological zones. This change in climatic trend is in line
with the position of Appiah et al. (2018) that there is a decrease in the intensity of
rain in most forest reserves communities of most sub-Saharan African countries
where there is still heavy reliance on agriculture as primary means of livelihood. This
change has implications for agriculture in Nigeria which is known to be mainly rain-
fed.

Further, two of the participants at focus group discussions gave explicit distinc-
tions of the season and farming activities between 30 years ago and now as thus:

Fig. 6 Female participants at
FGD on April 11, 2018 at
Osoku
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Thirty years ago, we experienced little rainfall in the month of March and then the rains
become fully established in April and then fade away in September. Presently, we experience
little rainfall in the month of February which become fully established in April and then
fades out in October.

Land clearing of farmland in our area has shifted from January/February to March. This
happens because onset of rain has shifted to April, currently any rain we see in February/
March is tagged accidental rain.

Another discussant also said:

‘Compared to thirty years ago, there is reduced intensity and duration of rainfall’ (A 50-year-
old man, Muslim, farmer, savannah zone).

Access to food through both production and exchange will continue to depend not
only on the productivity and profitability of agriculture, but also on how well the
political climate enables people to respond creatively to their environment and
prospects. As a means of adapting to the extended dry spell, farmers have adopted
the cultivation more hardy crops such as cassava to reduce economic losses

Table 1 Seasonal and cropping calendar for major crops in mangrove, rainforest, and savanna
ecological zones of Nigeria

Months of the year (January-December, respectively)
J F M A M J J A S O N D

Mangrove 
Season 30 years ago D D D/W W W W W W W D/W D D
Season currently D D D D/W W W W W D/W D D D
Activities currently

● Land preparation
● Planting
● Weeding
● Staking
● Harvesting/storage

Rainforest 
Season 30 years ago D D D/W W W W W W W W D/W D
Season currently D D D D/W W W W W W DW DW D
Activities currently

● Land preparation
● Cocoa nursery
● Planting
● Weeding
● Spraying
● Harvesting/storage

Savanna
Season 30 years ago D D D/W W W W W W W W W/D D
Season currently D D D D W W W W W W/D D D
Activities currently

● Land preparation
● Planting
● Weeding
● Harvesting/storage

D =Dry, W = Wet, D/W =Dry & Wet
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associated with climate change. Diversification into trading and processing of
agricultural produce also take place during the off seasons to bridge income gap
that is now experienced. This corroborates the assertion of Appiah et al. (2018)
which argues that farmers in forest communities are often engaged in other economic
activities to supplement their agriculture-based incomes. One of the discussants said
thus:

Presently, when there is no planting activity, we engage in other businesses like buying and
selling so as not to be idle and to earn money.

Perceived Trend in Agriculture, Forest Area, and Population as
Primary Drivers of Social Vulnerability

The relationship between climate change and ecosystem is intertwined. Climate
change can affect the distribution and behavior of some ecosystem components.
Conversely, the intensification of some ecosystem components such as forest cover
also have implications for carbon sequestration capacity, and hence extent of climate
change impact on the environment. In this chapter, element of the ecosystem such as
agriculture, forest cover, population, and alternative income-generating activities in
the sampled sites such as fishing, hunting, and charcoal production were focused for
understanding the interrelationship among these elements and climate change.
Across the three agroecological zones of rainforest, mangrove, and savanna, more
people are presently involved in agricultural activities compared with 30 years ago.
This, according to discussants, is due to lack of employment for graduates and
irregularities in payment of salaries/wages to government workers. Therefore, the
need for alternative sources of income or employment (for the unemployed) has
caused the recent surge in the farming population in the areas. A 48-year-old woman
farmer in one of the rainforest communities explained thus:

Very few people were involved in agriculture thirty years ago in our community, then, youth
only engaged in land clearing, planting and weeding of their parents’ farms. However, as our
population increases many people got involved in agriculture and young people now
cultivate their own farmlands.

Population as a component of the ecosystem also witnessed increasing trend in
the last 30 years in all the agroecological zones. Population is a key factor that
differentiate Africa from other regions of the world. African population is pro-
jected to grow rapidly throughout the twenty-first century and this growth will
have direct effect on the demands for agricultural commodities. Discussants
explained that increase in population is caused mainly by two factors. First,
migration of people into various communities within the area for livelihood,
especially in agriculture. Rural areas are known to be rich in an important factor
of production which is land. Second factor was increase in child-bearing and
survival of children due to improved health awareness. However, while there was
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increase in population and intensity of agriculture across the agroecological
zones, decrease in forest spread and abundance of non-timber forest products
such as snails and mushrooms was observed across the zones in the last 30 years.
This is caused by deforestation and bush burning, occasioned by increase in
population. Increasing population exerts more pressure on resources leading to
upsurge in the rate of felling of trees for cooking and charcoal production.
Increasing involvement of people in agriculture and declining soil nutrient also
led to agricultural “extensification” and the consequent expansion of land for
agricultural activities. The implication is that more forest cover is removed in
order to increase size of land cultivated for farming. A 52-year-old man in one of
the savannah communities remarked during the focus group discussions as
follows:

The forest cover has drastically reduced against how it was. In those days we usually have
10-2 stumps of tree together, but due to deforestation by saw millers, increase in land
acquisition for farming activities and construction of houses, almost all the trees are gone.

Further, hunting and fishing activities have assumed a downward trend in the
savanna, mangrove, and rainforest zones in the last 30 years. This can be
attributed to a decline in their distribution in their natural habitat and hence,
reduced motivation on the part of the hunters and fishermen to continue in the
business due to low rewards. In addition, reduced trend in fishing activities in
the locations is plausibly due to water pollution, overfishing, and reduction in
water volume caused by prolonged drought and a decline in intensity and
duration of rainfall. Idowu et al. (2011) confirmed a decline in Catch Per Unit
Effort (CPUE) in coastal areas of Nigeria due to pressure of climate change.
However, charcoal production is among the gradually becoming prominent
livelihood activities in savannah and mangrove zones. This is perhaps as a
replacement for fishing and hunting livelihood activities that are already becom-
ing faded in the areas. Charcoal production serves as an alternative income
source for farmers in rural communities while ignoring its long-term implica-
tions for a sustainable environment. This is consistent with Mwampamba (2007)
who had projected that by 2028, public forest resources would be depleted in
some parts of Africa and there would be a total collapse of charcoal chain if no
measures are put in place to stop the trend. Mwampamba’s position suggests that
there is an arbitrary involvement in charcoal production and that the rate of
growth in the sector is largely unsustainable. Massive charcoal production in the
areas have implications for availability of None Timber Forest Products
(NTFPs) in the area. During the focus group discussion, one of the discussants
explained (Table 2):

Duration of time used for collecting products in the forest has reduced because of scarcity of
these products in the forest. Harvest from NTFPs was much thirty years ago (A 45-year-old
woman, Christian, farmer, rainforest zone)
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Perceived Effects of Drivers of Climate Change on Household
Livelihood

Weather patterns are becoming unpredictable due to increasing variability in climate
parameters. Rising temperature and increased frequency of extremely dry and wet
years are expected to slow progress in crop productivity, livestock system, and
improved food security. This section explains the effects of drought, flood, pest
and diseases, increase in temperature, and strong wind as observable drivers of
vulnerability to climate change in the Nigeria agroecological zones. The effect of
each was captured in both direction (negative or positive) and magnitude (which
measures the extent of such effects) on subsistent crop, cash crop, charcoal produc-
tion, and animal production. In the agroecological zones, the negative effects of
drought were most felt on subsistence crops. Cash crops such as cocoa were not
spared as the effect was high, especially on the field. An opinion leader among the
farmers in Iyamitet community (mangrove zone) explained thus:

In recent times, there is incessant invasion of pests and diseases on our crops which we
cannot effectively control. Most times, it takes a lot of time before we understand the nature
and causes of such infestation and able to adjust to it. The result is a serious reduction in the
quality of our crops and huge losses for us. Ugly experience from the last year harvest has
even discouraged some few cocoa farmers from business.

Discussions further revealed that charcoal production was the most resistant or the
least affected by drought in the ecological regions. The reverse was the case with

Table 2 Trend in ecosystem components as primary drivers of social vulnerability to climate
change

Agroecological zones Ecosystem components

Index of intensification in last 30 years (%)

1987 1997 2007 2017

Rainforest Agriculture 18.6 21.0 24.6 36.0

Population 25.0 20.6 21.6 33.6

Forest cover 44.6 24.6 19.6 11.6

Fishing 58.0 22.0 14.0 6.0

Charcoal production 100 0 0 0

Mangrove Agriculture 18.5 21.0 24.5 36.0

Population 25.0 20.0 21.5 33.5

Forest cover 44.5 24.5 19.5 11.5

Hunting 56.0 24.0 14.0 6.0

Charcoal production 92.0 0 0 8.0

Savanna Agriculture 21.0 15.5 20.5 43.0

Population 15.0 20.0 23.0 42.0

Forest cover 46.0 24.0 18.0 12.0

Fishing 38.0 20.0 20.0 22.0

Charcoal 4.0 9.0 19.0 68.0
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respect to flooding, as charcoal production was reportedly highly affected in terms of
quality of charcoal, quantity of wood (log), and duration of activities of charcoal
production. The level of vulnerability was also high for subsistent crops, cash crops,
and availability of NTFPs. Discussants during the focus group sessions justified their
position that flood has a high negative effect on charcoal production explaining that
when flood occurs, it washes away the charcoal heaps and woods, thereby terminat-
ing the charcoal production process. The implication is that while flooding is not an
everyday occurrence, the few times it occurs, it has considerable negative effect on
the quantity, quality, and hence profitability of charcoal production among
producers.

Furthermore, livestock production was the least threatened livelihood by
increased temperature, with little or no observable implications for livestock/milk
production. However, almost all the livelihood activities were threatened by
increased temperature with negative implication for future and present income
generation among the people. The effects of pests and diseases, which were also
directly associated with climate change as reported earlier, is also evident on
subsistent crop, NTFPs, and cocoa production. This rating agrees with the position
of majority during discussions as they were unanimous that pests and diseases had
grown in both frequency of occurrence and severity of effects in the past few years
with observable negative effects on crops and other means of income generation. On
the other hand, the effects were less felt on charcoal and livestock production.

The last driver considered was strong wind. This chapter reveals that strong wind
had the least effect on respondent’s various livelihood activities, with the most
visible effects on NTFPs and the least on livestock production. The effect was
rated moderate on charcoal production. This rating was backed by some explana-
tions during discussion as follows:

Strong wind often has negative effect on quantity of charcoal produced. This is often due to
strong wind and availability of opening on the charcoal heap. This causes air to enter the
charcoal heaps. This occurrence often reduces production efficiency, leading to high ash to
charcoal ratio, thereby reducing quantity and profitability of our charcoal production
enterprise.

Causes and Consequences of Environmental Degradation in the
Nigeria Agroecological Zones

The problem tree analysis in Fig. 7 illustrates the composite results of the effects of
environmental degradation in the three ecological zones. It gives the causes and
effects of the common problem identified as environmental degradation. The causes
of environmental degradation identified in this section are consistent with earlier
discussions and include drought, deforestation, strong wind, delayed rainfall, bush
burning, use of agrochemicals, and air pollution. This corroborates the report of
Somorin (2010) that impact of climate change could be felt by increased tempera-
ture, deforestation, and drought. Discussants also reported that the effects of
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environmental degradation produced both adverse health and environmental conse-
quences such as mental disorder, measles, meningitis, water scarcity, erosion, cough/
catarrh, body pain, reduced NTFPs activities, erosion, poverty, low income and poor
harvest, soil infertility, increased incidence of pest and diseases and fever.

Specifically, in savannah zone, respondents experienced strong wind which is
carries particles of dust causing cough and catarrh. Idowu et al. (2011) established
that respiratory diseases and infections like cough and catarrh are prominent in harsh
climate due to presence of pollutants and dust. Also, increased temperature in the
area causes meningitis and measles which is very common in children of less than
5 years. A 37-year-old woman from savannah zone and 30-year-old lady from
mangrove zone are quoted, respectively, as follows while commenting on the
consequences of some of climate change parameters on their health and livelihoods:

During hot weather, as we now frequently experience here, there is usually the prevalence of
meningitis, measles and chicken pox especially among our children. Also, wind is accom-
panied with dust, and this brings about occurrence of cough and catarrh is common.
Increased temperature also affects our animals and crops as pests and diseases grow more

Fig. 7 Problem tree analysis of causes and consequences of environmental degradation in Nigeria

58 Climate Change, Rural Livelihoods, and Ecosystem Nexus: Forest Communities. . . 1187



when the weather is hot which slow down crop production (A 37-year-old woman, Muslim,
farmer, savannah zone).

The impact of wind is low and it could be beneficial when drying crops after harvesting
them. But when it is too strong, it could destroy the crops’ (A 30-year-old woman, Christian,
processor, mangrove zone)

An interesting link between deforestation and pervasiveness of mental disorder
among the people was alluded to in Wawa community (savannah zone) where the
participants argued that deforestation releases certain spirits which are believed
reside in trees to inflict young ladies with insanity. One of the male discussants
said the following:

Due to deforestation, spirits that abode in the trees are made homeless and therefore
come to town and enter into our young ladies making them go insane. We are able to
establish this because during deliverance session for some of the victims, the spirits
confessed that their natural habitats have been disrupted and that’s the reason for the
attacks.

Farming Communities’ Needs for an Enduring Adaptation to Climate
Change in Nigeria

Farming communities’ adaptation is key in translating climatic challenges and
agricultural responses into changes in production, prices, food supply, and wel-
fare. The potential for positive change for farming communities will increase if
farmers are helped to adapt to climate variability. Table 3 therefore show the
priority ranking of what communities in the agroecological areas adjudged as their
needs to effectively adjust to climate changes impact. Across the ecological zones,
respondents highlighted some needs that were important due to various problems
and setbacks they encountered arising from climate change. Availability of credit
facilities ranked first, suggesting lack of sufficient capital for various livelihood
activities and effective climate change adaptation. Building of health center

Table 3 Needs matrix as identified by communities in forest-edge communities in Nigeria

Needs Ranks

Credit facilities 1

Heath center 2

Farm inputs – improved seed variety, fertilizer, herbicides 3

Good road network 4

Pipe borne water 5

Power supply 6

Irrigation 7

Communication network 8
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ranked second as most of the communities’ lacked access to well-equipped health
centers that can provide health care services. Farmers also require farm inputs in
the form of herbicides, improved seed varieties, and fertilizer as the third ranked
need. Perhaps, the need to easily connect outside communities for timely market-
ing of agricultural produce necessitated farmer’s choice of good access-linking
road. Discussions revealed that farmers find it difficult to sell their produce to
right buyers due to poor state of farm-to-market road. Instead, commodities were
often sold to middle men at farm gate prices and hence, low profitability for the
farmers. Other infrastructure such as pipe borne water, power supply, communi-
cation network was also mentioned as some of their pressing needs across
communities in the agroecological zones. The huge infrastructural deficit in the
sampled locations is indicative of the state of physical development in most of the
forest-edge communities in Nigeria. This corroborates the earlier assertion by one
of the discussants:

‘We strongly desire credit facilities and good road network to enable us perform better in our
farming activities and also for outsiders to come into our community and trade with us’ (A
52-years-old man, Christian, farmer, rainforest zone)

Conclusion and Recommendation

This chapter concludes that the scale and direction of climate change impact on
agriculture as the primary rural livelihood and other ecosystem components in
Nigeria’s agroecological zones is largely comparable and have both positive and
negative consequences on rural sustenance. While climate change impact combined
with some other economic factors such as unemployment have encouraged urban-
rural migration, agricultural intensification, and livelihood diversification on the one
hand, it has increased vulnerability tendencies of rural households in forest-edge
communities in all the agroecological zones of Nigeria on the other hand. Among
several others, increased forest encroachment, lack of a well-coordinated policy
framework which allows for alternative livelihood without accompanying forest
regulatory framework were major vulnerability exacerbating factors for the rural
poor. Although the rural populace need help for better adjustment to climate change,
they also do have demonstrated ability to respond to changes occasioned by climate
variability and are exploring these abilities to the best of their knowledge. Support in
the form of affordable insurance policy, credit, agri-inputs, favorable forest regula-
tory framework, and youth empowerment would enhance sustainable adjustment to
climate change among the rural people.
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