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Abstract— This research aims to strengthen the resilience of populations living along the Agoua and Toui-
Kilibo protected forests. Its main aim is to analyze the adaptation measures used by the riparian populations
and propose actions to strengthen their resilience. Data were collected from semi-structured individual
interviews with each head of household or his/her sponsor in his/her household or field or plantation within
and/or around the CF. Focus group interviews with key informants (between 05 and 13 participants
representing the diversity of socio-professional or socio-cultural groups and gender-sensitive) were also
conducted in riparian communities and within the CF. This data was collected through the QField
application. The resulting database was transferred to the Excel spreadsheet for clearing and processing. For
the processing of these data several parameters were calculated, in particular the importance value (IV), the
response rate at the level of each respondent. In addition, the resilience of populations was assessed. To this
end, the proposal for options to improve the resilience of communities bordering the Agoua and TK forests is
based on the Multidimensional Resilience Index (MRI). For the calculation of resilience the basic variables
are grouped into a set of actions which are themselves grouped into a set of seven (7) options. The various
shares have been converted into indices called “core indices” and are calculated and obtained at the level of
each option. Option-level indices are also calculated taking into account the indices previously calculated at
the equity level. Finally, the Multidimensional Resilience Index is obtained by calculating the weighted
arithmetic average of the indices calculated at the option level. The options that have attracted community
attention are sustainable land management (4.1), and capacity building (3.89). These two options scored
substantially 4, which shows that the communities are resilient. Improved social and cultural living
conditions (3.33) can also strengthen the resilience of communities. Environmental protection,
organizational level, institutional support and the creation of economic activities have a score ranging from
2 to 2.83. Actions to implement the priority options for adaptation to the adverse effects of climate change
will reduce the vulnerability of the populations living near Agoua and Toui-Kilibo protected forests.

Keywords — Resilience, impacts of climate change, Adaptation, priority options, Agoua and Toui-
Kilib protected forest.
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I. INTRODUCTION

Climate change, according to the international
scientific community, is a reality today whose impacts
must be sought to limit. It has already manifested
itself in the resurgence of extreme weather events that
have caused significant human and material losses
(heat waves, droughts, hurricanes and floods) [1].
Some authors see it as a major problem for the 21st
century with all its implications that will only appear
gradually [2]. According to [3; 4], and for many other
scientists, the next few decades will be characterized
by an increase in the average temperature at the
Earth’s surface of about 0.2 or 0.3°C every ten years,
which will strain the adaptive capacity of species,
including humans, and ecosystems. Like all
environmental problems of global concern, climate
change affects societies in extremely different
situations. For these societies, where a large part of the
population lives directly from agricultural
production, seasonal disruptions will have a
considerable impact [2]. Human-induced -climate
change, including the increased frequency and
intensity of extreme events, has had widespread
adverse effects and associated losses and damage to
nature and people [5]. Its consequences are very
dramatic in the developing countries [6].

In Benin, forest ecosystems are under increasing
pressure due to changing environmental factors and
intensifying disturbances related mainly to climate
change and land use [7; 8]. These changes may cause
ecosystems to move out of their historical range of
variability [9], possibly causing unexpected and non-
linear responses, such as abrupt transitions to other
ecosystem states [10; 11]. In the current context of
climate change, intensive exploitation of landscapes
and ecosystems driven by unprecedented population
and economic growth, as well as in the context of the
sixth biodiversity crisis, knowledge of the capacity of
ecosystems to absorb and respond to natural or
anthropogenic disturbances is essential to predict
their future evolution [12; 13]. These current
disturbances are the source of the dynamics of forest
landscapes and their spatial and temporal
heterogeneity,

vulnerable [14; 7].

making  riparian  populations
The protected forests of Agoua and TK are part of the
protected areas of central Benin that play a very

important role in the lives of the local populations.
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They regulate the cycles of carbon, water and
chemicals, which maintain a healthy climate and the
cycles of nutrients needed for life. They are a
powerful, sustainable, efficient and approved natural
means of fiercely combating this phenomenon, the
growing threat of which is becoming increasingly
frightening.[15] They are fighting climate change [16].
Populations living near these protected areas, which
are predominantly rural, are particularly vulnerable
as they condition food, water and financial resources
with direct and indirect impacts on public health.
These changes have major adverse effects, especially
on the livelihoods of rural communities, whose
incomes are heavily dependent on farming activities
and the exploitation of scarce and fragile natural
resources [17; 18]. These poor and precarious
conditions exacerbate the vulnerability of riparian
villages and are the reason for their poor capacity to
adapt to the phenomenon. Climate change imbalances
have a negative impact on the local economy. Under
these conditions, adapting populations to these
impacts should be one of the priorities for promoting
resilience [19].

As the world watches and experiences the impacts of
climate change, a pragmatic way to adapt could be to
look to nature.[20] The diversity of responses within
and between interconnected populations supports
population stability and resilience [21]. Some
development and adaptation efforts have reduced the
vulnerability of communities to these climatic
disturbances, including income-generating activities.
But the main areas of agricultural production suffer
from the shifting seasons with late and short rains.
This affects agricultural production and household
food security in terms of low yields and insufficient
food stocks [22]. The recurrence of these phenomena
and their ever-changing intensity complicate and
make the strategies to be advocated unpredictable.
Non-climate constraints must therefore be relaxed to
facilitate community and climate adaptation [23]. The
aim of this research is to strengthen the resilience of
populations living along the Agoua and Toui-Kilibo
protected forests. Its main aim is to analyze the
adaptation measures used by the riparian populations
and propose actions to strengthen their resilience.
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II. MATERIAL AND METHOD
2.1 Location of the study area

The research medium (FIG. 1) is located between 7°27'
and 8°46' N latitude, and between 1°39' and 2°44' E
longitude. It includes the municipalities of Bante and
Ouessé and covers an area of approximately 13 899
km? or 12,35 % of the national territory [24].

Fig.1: Geographical location of protected forests in the
Collines department

2.2 Method of data collection

The main investigation unit is the head of household
or farm holding occupying by his activity and/or
dwelling, a portion of or around the CF. If the head of
the household or holding is not available, his spouse
or a member appointed by the household, who is at
least 18 years old and capable of providing the
required data, shall replace him as a guarantor.

Data were collected from semi-structured individual
interviews with each head of household or his/her
sponsor in his/her household or field or plantation
within and/or around the CF. Focus group interviews
with key informants (between 05 and 13 participants
representing the diversity of socio-professional or
socio-cultural groups and gender-sensitive) were also
conducted in riparian communities and within the CF.

2.3 Data processing

The resulting database was transferred to the Excel
spreadsheet for clearing and processing. For the
processing of these data several parameters were
calculated, in particular the importance value (IV), the
response rate at the level of each respondent.
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- Response rate

The response rate at respondent level by modality was
calculated using the formula of [25]:

T = §/N x 100

Where, T: response rate at respondent level (%); S:
number of respondents responding to a given
modality and N: number of respondents

- Community Resilience Assessment

Improving the resilience of communities to the
impacts of climate change is possible through the
participatory approach. It is promising and allows
people to be the main actor in their development while
clearly expressing their problems, needs, obstacles
and opportunities [26]. In this short- and medium-
term perspective, and in order to design, implement,
monitor and evaluate more effectively the capacity-
building of the populations and communities most
exposed to the adverse effects of climate change,
information on the resilience of communities and their
households is essential. To this end, the proposal for
options to improve the resilience of communities
bordering the Agoua and TK forest massifs is based
on the Multidimensional Resilience Index (MRI)
established by [27]. This index meets scientific
methodological requirements and has a relatively
simple mathematical construction. According to these
authors, it is measured by a weighted arithmetic mean
of the basic indices that are calculated from the
variables, which have been selected by considering
the multidimensional aspect of resilience. For the
calculation of resilience the basic variables are
grouped into a set of actions which are themselves
grouped into a set of seven (7) options. The MRI is
being built gradually.

Table I: Scores for resilience assessment indices

Index Score  Level of resilience Result
[0,00 —0,09] 0  Without resilience Extremely bad result

[0,10 —0,25] 1 Highly non-resilient Very poor result

[0,26 — 0,45] 2 Moderate Resilience Poor result but relatively acceptable
[0,46 —0,59] 3 Mean resilience Result considered acceptable

[0,60 — 0,89] 4 Good resilience Good result

[0,90 — 1,00] 5  Verygood resilience Very good result

Source: CERED, 2015 adopted by [27]

First, because the variables are expressed in various
units of measurement (meters, %, etc.), we transform
the different shares into indices called “base indices”
which are therefore calculated and obtained at the
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level of each option. Option-level indices are also
calculated taking into account the indices previously
calculated at the equity level. Finally, the
Multidimensional Resilience Index is obtained by
calculating the weighted arithmetic average of the
indices calculated at the option level. As shown in the
table below, efforts have been made to facilitate the
use of the RMI by practitioners and decision-makers,
in particular the reading of the results obtained after
its application through the change from the index to
the scores and their significance.

The MRI used to assess a community’s level of
resilience following a given shock is based on two
aspects: i) the community’s level of resilience to a
given shock; and ii) the ability to understand why the
results achieved, good or bad, and to make
improvements or corrective measures for better
results in the future. Moreover, the design of the MRI
already takes into account the time dimension, which
is particularly important in terms of resilience. Indeed,
without taking into account the time dimension, the
results could easily be biased because the community
or the households that make up the community would
always be considered resilient regardless of the time
they spend to rebound and regain the level of well-
being, in this case after the passage of a shock.

III. RESULTS
3.1 Adaptation and enabling conditions

Climate-related criteria are essential to consider when
choosing alternative options, as the purpose of the
option transfer is to mitigate the impacts of climate
change. The two main criteria include potential for
adaptation and mitigation. This is precisely the
potential capacity of each priority option to reduce
vulnerability and build resilience within communities
to climate impacts and any reduction in direct
greenhouse gases.

3.2 Options for reducing the vulnerability of
communities to climate impacts

The priority options for adaptation to the adverse
effects of climate change stem from the adaptation
needs expressed by local populations during village
and municipal assemblies. Seven options have been
identified. Figure 63 shows the average score recorded
per priority option.
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Fig.2: Priority adaptation options in the Banté and Ouéssé
municipalities

Source: Data processing, February 2022

Figure 2 presents the policy options identified by the
riparian populations of Agoua and Toui-Kilibo
protected forests to enhance their adaptive capacity.
These options take into account not only the proposals
of international and national institutions but also
those of the local level. The options that have attracted
community  attention are sustainable land
management (4.1), and capacity building (3.89). These
two options scored substantially 4, which shows that
the communities are resilient. Improved social and
cultural living conditions (3.33) can also strengthen
the resilience of communities. Environmental
protection, organizational level, institutional support
and the creation of economic activities have a score

ranging from 2 to 2.83.

Actions to implement the priority options for
adaptation to the adverse effects of climate change
will reduce the vulnerability of the populations living
near Agoua and Toui-Kilibo protected forests.

3.3 Urgent actions to implement priority options in
the Banté and Ouessé municipalities

To implement the priority options, several actions are
identified by the local population. These expressed
adaptation needs take account of the different options.
Table Il shows the number of actions per option in the
study area.
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Table 1I: Number of actions per option in the study area

Numb
u:; er Number of
Summury L. actions to be
priority .
] implemented
options
No. Iterations 0 0
Group Size 7 46
No.Indicator -ve 4 29
Borderline No. -ve 0 0
No. Misclassified -
0. Misclassifie 0 0
ve
No.Indicator +ve 3 17
No. Borderline
0 0
+ve
No. Misclassified
1 0
+ve

The hierarchical analysis showed forty-six (46)
priority actions to be implemented to support the
seven (07) priority options for reducing vulnerability
and improving the resilience of communities along
the Agoua and TTK protected forests. These options
and urgent actions have been classified into two
categories, one positive and the other negative. The
number of negative options is 4 for 29 actions while
the number of positive options is 3 for 17 actions.
Positive actions are those to be implemented in the
short term, while negative actions are to be
implemented in the medium and long term. Figure 64
shows the two categories of options and actions to
improve community resilience.

The two categories are distinguished by the colors in
Figure 64a and b. The negative options (Figure 64a)
and actions (Figure 64b) are in red and the positive
ones are in blue. Negative priority options are
Economic Activity Creation (EAC), Environmental
Protection (ENP), Organizational Level (NO) and
Institutional Support (IC). Positive options, however,
include sustainable land management (SLM), capacity
building (CB), and improved social and cultural
conditions (CSCE).
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3.4 Multidimensional resilience index of future
adaptation options

The level of community resilience is assessed on the
basis of the Multidimensional Resilience Index. Thus,
for each priority option, whether positive or negative,
a baseline resilience index has been calculated. Figure
3 presents the MRI in terms of adaptation options.

Multidimensional Resilience Index

P of the I :
environment Support Level

Priority Options

Fig.3: RMI by Adaptation Options
Source: Data processing, February 2022

The analysis of the Multidimensional Resilience Index
shows that the option "Sustainable land management
(0.95), capacity building (0.75) and improvement of
social and cultural living conditions (0.75). The other
options have an MRI less than 0.5.

3.4.1 Sustainable land management

This priority option brings together ten actions
proposed by the local community. Table III shows
actions for sustainable land management and their
level of resilience.

Table I1I: Level of resilience of sustainable land
management actions

S Level of
core
Actions Subscript resilience
Increase in
agricultural 5 [0.90 - Very good
productivity 1.00] resilience
Improved crop 4 [0.60 -

management 0.89] Good resilience

Modification of
the date and

0.90 - V d
techniques of 5 [ er.y‘goo
S 1.00] resilience
cultivation
operations
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Improved
livestock 2 [0.26 - Moderate
management 0.45] Resilience
Practice of crop 5 [0.90 - Very good
rotation 1.00] resilience
Crop 5 [0.90 - Very good
associations 1.00] resilience
Agricultural 5 [0.90 - Very good
diversification 1.00] resilience
Improved
grazing land 2 [0.26 - Moderate
management 0.45] Resilience
Integrated water 3 [0.46 -
management 0.59] Mean resilience
Reduction of
grassland to 5 [0.90 - Very good
cropland 1.00] resilience
conversion
Average 4.10
[0.60 - Good resilience
Stan-da-rd 1.29 0.89]
Deviation

An examination of Table III shows that more than half
of the actions to be implemented to support the land
management criterion have a basic resilience index
between 0.90 and 1. This reflects very good household
resilience as it achieved a maximum score of 5. These
include increasing food productivity, changing the
date and techniques of crop operations, practicing
crop rotation and combination, agricultural
diversification and reducing the conversion of
grassland to cropland. Local populations gave an
average score of 2 for improved livestock and grazing
land management. Poor, but relatively acceptable,

results in moderate community resilience.

Overall, the baseline index for land management in
the study area is 0.75, which provides a basis for
communities to be resilient to the impacts of climate
change.

3.4.1.1. Changes in the dates and technique of sowing
operations

Recurrent droughts since the 1970s and spatial and
temporal variability in rainfall heights have made it
difficult to use the traditional agricultural calendar. In
the past, the peasant in the Bante and Ouesse
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communes rests from mid-December until January,
periods of the end of the year festivities and great
ritual ceremonies. There are two periods of intense
activity, from February to April, reserved for field
preparation and sowing, and from June to November,
which is the period of field maintenance and
harvesting. As indicated by the tendency to delay the
onset of rainfall, farmers claim to be lagging in the
establishment and harvesting of crops. Table XXIX
shows the new agricultural calendar followed by the
populations living near the Agoua and TTK massifs.

To overcome the problem of droughts at the beginning
of the agricultural season and to adapt to the
persistence of false starts of the growing season,
farmers reseed in most cases in the first decade of
May. Thus, the traditional agricultural calendar is in
the middle of a phase of abandonment due to the high
spatial and temporal variability of rainfall.

Indeed, 90% of the farmers surveyed sow from the
second decade of April onwards (when it was at the
end of March), while the remaining 10% sow from the
last decade of March to the second decade of April.
The farmers themselves call their seedlings "risky".
The fact is that April seedlings would have a high
probability of success compared to early seedlings.
This perception is well justified because the risk of
false rainfall departure is very high during the month
of March over the last thirty years because this month
is becoming drier and drier.

During the second rainy season, most of the surveyed
producers (95 %) are already planting at the end of
August and the beginning of September. This is only
a good reading of the evolution of the climate, because
the interseason represented by August becomes
rainier and September has become the rainiest month
of the small season. The other way farmers manage
climate risks is by dispersing the dates when crops are
sown. This practice is called staggered seeding. It
consists in sowing the same crop on two different
plots or even on a single plot on different dates; this in
the hope that the pace will correspond to the growth
phases of at least one of the crops in relation to their
sowing date.

With a very good level of resilience, changing the
dates and techniques of sowing operations is an action
to improve the working conditions of farmers.

3.4.1.2 Crop rotation and combination practice
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Table IV shows the types of rotation adopted by
farmers in the municipalities of Bante and Oueésse.

Table 1V: Types of crop rotation

Number of | Types of rotation

years

1st year Yam, cassava, cotton

2nd year sesame, Sorghum, maize

3t year Cotton, Peanut, Cowpea

4th year Rice, maize market gardening
products

5th year Cashew, set-aside

Source: Field survey, April 2020

Crop rotation improves yields over several seasons by
using residues as fertilizers for new plants.

3.4.1.3 Crop Association

Crop combination is a system of growing several
crops simultaneously on the same plot of land. In the
municipalities of Banté and Ouesse, this system
remains the most practiced by farmers. Agricultural
assets combine two or three crops on the same plot.
Thus, crops such as maize (Zea mays) and groundnut
(Arachis hyppogea) on the one hand and yam (Dioscorea
spp.) with cassava (Manihot esculenta) on the other
hand may coexist on the same plot. Combinations of
maize - cassava - cashew tree, soybean - cashew bean,
etc. It should be noted that cashew tree is associated
with other plants when the latter plants are still
young. Figure 4 shows the most common types of crop
associations in the municipalities of Bante and Ouésse.

90
80
70
60
50
40

Frequency (%0)

Method of Crop Association

Fig.4: Most common types of crop associations in the
Bante and Ouésse communes
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The results of the study show that all households
surveyed practice cultural association. The most
common combinations are maize-cassava (85%),
maize-peanut (76%), maize-cowpea (59%), maize-
cowpea-cassava (65%). Although most respondents
linked this practice to a lack of land for monoculture,
more than 56% of producers linked it to a concern to
preserve food and nutritional security in the
household. Indeed, the farmers would be in a policy
of multiplying the chances of guaranteeing a
minimum harvest at the end of the season.

3.4.1.5 Increasing agricultural productivity

Ensuring food security, a healthy and balanced diet
for a growing global population, remains a challenge.
Indeed, experiences of food insecurity are an indicator
that informs about the food insecurity of populations
living near the Agoua and TTK forests. This indicator
is based on the possibility of meal skipping,
unavailability of the meal, limitation of food
consumed, etc. Figure 5 shows the proportion of
occupants on food insecurity experiences.

07 g Some weeks ® Never happened ®mAlmost every week m Only once or twice
50 4
40 A

30

Frequency (%)

20 A

10 A

Nomore food Indis Eaten  Pure Eaten Eaten jump Less Eaten

Experience of food insecurity

Fig.5: Food insecurity experiences

Source: Data processing, February 2022

An analysis of Figure 5 shows that communities living
along the edge of the protected forest in Agoua have
not eaten anything for only one or two times a year. It
is also once or twice a year that they have no food,
have eaten the same meal, eaten less or even skipped
meals. Some have estimated that this happens on a
few weeks or almost every week of the year. For
others, these events never happened in their lives. This
means that households are less food insecure. Despite
this low threat of food insecurity, increasing
agricultural productivity is critical to improving the
resilience of coastal populations.
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3.4.1.6 Description of household dwelling and equipment

In most localities bordering the protected forests of
Agoua and TTK, dwellings are scattered. Most of
these houses are built of precarious materials. FIG. 6
shows the characteristics of these dwellings.

Proporin (%)

20
10
0 .

Clay/sand Cement Bamboo ‘Wood Tiles Other

Soil compaosition

Propartion (%)
-
Propartion (%)

Earth  Stone/brick Wood  Swaw/Palm  Other Tole Straw  Earth Tile Other

Types of blackberries Roofing composition

Fig.6: Characteristics of dwellings of households surveyed
Source: Data processing, February 2022

From an analysis of Figure 6, it can be seen that the
majority of dwellings are clay (72.72%) for the wall,
sheet metal (79.34%) for the roof and clay/sand
(64.77%) for the soil composition. In addition, some
houses are made of stone/brick, straw and cement for
the composition of the soil. It should also be noted that
other dwellings of the residents are made of wood,
straw/palm for the wall, earth, tile for the roof and
bamboo, wood for the composition of the floor. Plate
1 shows the types of dwellings found in the

surrounding area and in the protected forests of

=

Agoua and TK.

a: Traditional type habitat; c: Semi-modern type habitat

Plate 1: Type of dwelling in communities bordering the
forest massifs

Shooting: E. Akakpo, 2021
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3.4.2 Improvement of social and cultural conditions

In the social criterion, despite the maximum value of
5 obtained respectively by two variables, namely
health and access to drinking water, the overall score
of the criterion is only 3.67. The other two variables,
namely the development of rural roads and
employment, obtained only a value of 2. The score
equal to 4 of the health variable means that in the rural
communities of Banté and Oueésse, access to
medicines, especially traditional medicines, is ensured
by learning about their production from generation to
generation, by word of mouth within the family or by
consulting a practitioner of traditional medicines
within the community. Access to such medicines is
reinforced by the community when disasters occur in
the study area, as the supply of modern chemical
medicines is not necessarily guaranteed as a priority.
Table V presents the score and values of the core
resilience index of all the actions to be implemented to
support this option.

Table V: Basic resilience index of actions to improve
social and cultural conditions

] Level of
Actions Score | Subscript resilience
Use of medicinal 4 [0.60 - Good
plants (health) 0.89] resilience
Schooling of
children 5 [0.90 - Very good
(education) 1.00] resilience
) [0.26 - Moderate
Employment 0.45] Resilience
Access to 5 [0.90 - Very good
drinking water 1.00] resilience
Development of ) [0.26 - Moderate
rural trails 0.45] Resilience
Traditional
knowledge and 4 [0.60 - Good
knowledge 0.89] resilience
Average 3.67
[0.46 - Mean
Standard 1.37 0.59] resilience
Deviation

The basic resilience index of this option is between
0.46 and 0.59 explaining an average resilience of local
populations. Table V shows that education takes
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many forms, including formal schooling and technical
or vocational training, mentoring of children and
young people by communities. This education is the
source of individual and social development. Thus, to
be relevant and operational in the fight against climate
change impacts, education must develop knowledge
and skills among its users to manage and adapt to
changes in their external environment. It must also be
resilient to provide stability and protection in the
event of a crisis.

Culturally, traditional knowledge and knowledge
scored a maximum of 5. The community is rich in
traditional knowledge about managing and
mitigating the effects of climate change. The cultural
characteristics of the community can greatly
contribute to its resilience in the face of flood shocks,
in particular, thus explaining this good level of
resilience. By the same logic, populations belong to
several social groups. Figure 7 presents the social
organization of communities to deal with the impacts
of climate change.

25 q
S 20 -
)
c 15
[<3]
>
g 10 A
LL

5 4

0

Production Savings Religious  Others
group group group
Social organizations

Fig.7: Social organization of riparian populations

Source: Data processing, February 2022

The analysis in Figure 7 shows that 23,07 % of the
riparian populations in the Agoua and TTK protected
forests belong to the production group, 8,32 % to the
tontine group and 6,91 % to the religious group.

3.4.3 Capacity building

The capacity-building option, meanwhile, scored 3.89
+ 0.78, suggesting an average resilience of riparian
populations. The actions, ie. awareness-raising,
outreach and simulation exercise (practice) have at
least a score of 5 respectively, which is the basis for
very good resilience. This situation is normal since
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some NGOs in the area are providing this
reinforcement. Table VI presents the actions to be put
in place for adequate capacity building.

Table VI: Capacity-building actions to be put in place

Level of
Actions Score | Subscript resilience
Awareness Very good
Raising > [0.90 - 1.00] resilience
Popularizing
adaptation 5 | [0.90-1.00] Z:lyhfﬁgj
strategies
Simulation Good
Exercise 4 [0.60-089] resilience
Training on soil
restoration and Good
organic fertilizer 4 [0.60 - 0.89] resilience
manufacturing
techniques
Training on the
use of short-cycle
varieties of 4 [0.60 - 0.89] refifi(e)rcllce
maize, sorghum
and rice seeds
Training on good
practices for
sustainable water | 3 [0.46 - 0.59] relgzll?:;lce
resources
management
Veterinary
support for
poultry, sheep, 3 [0.46 - 0.59] rels\;[l?:llce
goat and pig
farmers
Support for
fodder 4 | [0.60-0.89] Good
. resilience
production
Support for the
acquisition of Mean
irricati 3 [0.46 - 0.59] -
gation resilience
equipment
Average 3.89 M
ean
Stal‘.ldéfl'd 0.78 [046-059] | osilience
Deviation

The various training courses on the use of short-cycle
varieties of maize, sorghum and rice, good practices
for sustainable water resources management, support
for fodder production and veterinary support for
poultry, sheep, goat and pig farmers will enable a
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good adaptation to the impacts of climate change. In
addition, the development of diverse agricultural
systems, taking into account local knowledge of
specific crop and livestock varieties, preserving crop
diversity, diverse agricultural landscapes, can help
ensure food security in changing local climatic
conditions.

3.4.4 Creation of economic activities

In this option, the null value of the variable “Cereal
bank”, strongly influenced the low value of the score
of the criterion. For example, the establishment of the
Cereal Banks requires a large organization of the
institutions in charge of agriculture. On the other
hand, the creation of RMAs requires the capacity to
work together among community members to raise
awareness and use the available labor for rural

International Journal of Forest, Animal and Fisheries Research (lJFAF)

7(3)-2023

implemented include diversification of activities,
creation of income generating activities (AGR), access
to agricultural inputs and availability of labor.
Moreover, mutual support among members of the
rural community bordering the forest massifs is a real
capacity and ability to respond to climate impacts.

3.4.5 Environmental protection

In environmental terms, forest ecosystems contribute
to the reduction of CO2 from air, which is the most
important for the concentration of greenhouse gases
derived from human activities. Table VIII shows the
different environmental protection actions to be
implemented and their level of resilience.

Table VIII: Different environmental protection actions and
their level of resilience

. . A Level of
agricultural activities. . Score |Subscript .
Actions resilience
Table VII: Actions to create economic activities
) [0.26 - Moderate
Score | Subscript Level of Agroforestry 0.45] Resilience
Actions resilience
Creation of 4 [0.60 - 0.89] Good . 2 [0.26 - MO(‘ifzrate
AGRs . . resilience Reforestation 0.45] Resilience
Highly 010 - Highly
Access to 1 [0.10 - 0.25] non- Stop illegal | 1 025] non-
credits resilient logging ' resilient
Dinersifi§étion 5 | [0.90-1.00] Verﬁigood Planting of fruit| [0.90- |Very good
of activities resiience plantations 1.00] resilience
Management of Reduction of area
income from 3 [0.46 - 0.59] [0.46 -
agricultural . . Mean under protected| 3 0.59] Mean
work resilience forests resilience
L.abo'r. 4 [0.60 - 0.89] Gppd Conservajtlon and [0.90 - Ve1j}f good
Availability resilience preservation  of| 5 1.00] resilience
forest ecosystems '
Access to inputs | 4 [0.60- 0.89] G.O.Od Y
resilience A
verage 3 [0,46 - M
Access to Highly 0,59] ean
agricultural 1 [0.10 - 0.25] non- Stan.da.rd 1.67 resilience
equipment resilient Deviation 0,52
Cereal Bank | 0 | [0.00-009] | "Vithout
resilience Table VIII shows that planting fruit plantations is the
Average 2.75 [0.26-0.45] | Moderate most 1m}.)<')rtant actl.on t(? .1mpr(')ve th.e resﬂlenc.e of
Standard o1 communities. Its basic resilience index is substantially
. 1.83 0.335 Resilience . . . .
Deviation equal to 1, which shows that the fruit plantations in

The basic resilience index of the economic option is
relatively low (2.75), reflecting moderate community
resilience. Under this option, actions to be
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the two communes form a solid basis for the resilience
of the communities. This action has a very good result
and therefore a very good resilience. To protect these
mountains from degradation, households should
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practice agroforestry and reforestation. They should
also reduce or stop illegal logging and planting in
protected forests.

3.4.5.1 Conservation and preservation of forest ecosystems

The conservation and preservation of forests is an
indicator that promotes their resilience. The practice
of conservation is a long-term process which tends to
limit the evolution of the degradation of existing forest
ecosystems and/or to repair them (forest
rehabilitation) so as to improve the living
environment of local populations in a sustainable
way. Figure 80 shows the effects of protected forest

conservation on riparian populations.

RDIPL 37,33
ASPC 62,48
DEVA 81,33
FRBS 90,67

IDPRD: Recognition of the inherent rights of local
populations; DEVA: diversification of plant and
animal species; PHAC: Improvement of carbon stocks
and sinks; FRBS: Ease of searching for goods and
services.

Fig.8 : Effects of protected forest conservation on riparian
populations

Adaptation of natural forests includes conservation,
protection and restoration measures. In the protected
forests of Agoua and Toui-Kilibo, management policy,
including participatory management, makes it
possible to create management series, particularly the
conservation and protection series. The analysis in
Figure 70 shows that the conserved forest area
facilitates community search for goods and services
(90.67%) and promotes diversification of plant and
animal species (81.33%). The conservation series
strengthens forest resilience and limits forest
degradation. Restoring natural forests and improving
their sustainability also increases the resilience of
stocks and carbon sinks (62.48%). Cooperation and
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inclusive decision-making with local communities
and indigenous peoples, as well as recognition of the
inherent rights of local populations (37.33%), are
integral to successful adaptation of forests to climate
change.

IV. DISCUSSION

This research has recognized the importance of
prioritizing a variety of options to reduce the
vulnerability of populations living along the Agoua
and TK forests and to improve their resilience to the
impacts of climate change. This study showed the
need to prioritize seven (7) options and 46 actions.
These are economic, environmental, land
management, capacity building, organizational and
social and cultural criteria. Options with significant
scores were land management, capacity building and
social and cultural options. Overall, the score is not
satisfactory as it can still be improved to reach the
maximum score of 5. Other options, including
organizational, economic and environmental, scored
relatively low, which explains the low level of
resilience of the communities. The implementation of
these measures will not be able to ensure the resilience
of communities in the short and medium term. These
results corroborate those of [27] for which scores
expressing poor levels of resilience showing highly
non-resilient community outcomes are recorded in
economic, organizational and environmental criteria.
Adaptation to climate change works towards
reducing people’s vulnerability to climate change and
strengthening their resilience to impacts. This can be
achieved by strengthening current living standards so
that in the face of adversity, households can be able to
cope with the climate shock. The development of
social measures and other insurance mechanisms will
help households to recover from the shock closely
linked to social criteria, including poverty reduction.
In creating the conditions for improving the resilience
of the community, the participatory approach is
considered a promising method, as it allows the
population to be the main actor in its development by
clearly expressing its problems, needs, obstacles and
opportunities [26]. This process enables the
population to identify, prioritize and plan local
development actions and provides a context for
creating pragmatic change in the management of the
community’s resources. In addition, the participatory
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approach emphasizes the importance of the active
participation and empowerment of people in all
development actions concerning them.

4. 1 Increased agricultural production and food
security

The very good level of resilience of this action is an
indicator for the reduction of end and poverty in the
municipalities of Bante and Oueésse. This is a short-
term measure, because it will help to achieve the
SDGs. These results are in line with FAO and OECD
findings that agricultural predictions for 2021-2030
call for a transformation of global agri-food systems to
achieve the Sustainable Development Goals (SDGs).
With less than 10 years to go before the 2030 deadline
to achieve the SDGs, governments must redouble their
efforts on food security and the environment, the
organizations said. [28] has shown that growing
demographic trends, the substitution of poultry for
red meat in countries should control future demand in
order to sustainably feed a global population that is
expected to reach 8.5 billion by 2030. According to the
same source, among the increases in production to be
achieved, 87% would come from the growth of
agricultural yields, 7% from the increase in crop
intensity, and 6% from the expansion of land use. In
sub-Saharan Africa, per capita consumption of animal
protein is expected to decline slightly as incomes
tighten. This part of the continent will experience a
decline in food security by 2030.

The research also showed that communities along the
two forests have not eaten anything at all for only one
or two times a year. It is also once or twice a year that
they have no food, have eaten the same meal, eaten
less or even skipped meals. Some have estimated that
this happens on a few weeks or almost every week of
the year. As a result, they are food insecure. Raising
agricultural productivity is critical to improve the
resilience of riparian populations. The results of [29]
have shown that food security exists when all people
at all times have physical or economic access to
sufficient, safe and nutritious food to meet their
energy needs and food preferences for a healthy and
active life. Adopting an approach to food security that
integrates vulnerability reduction will strengthen
people’s resilience to threats posed by the effects of
climate change, while protecting and enhancing local
ecosystems and strengthening the human resources
needed to reduce vulnerability overall, they said.
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4.2 Social and Cultural Options

The basic resilience index of the social and cultural
criterion is between 0.46 and 0.59, indicating an
average resilience of the local populations. Practical
actions to be implemented in this option are the
facilitation of drinking water, education through the
schooling of children, and the health of households in
the two communes. Social practices, which define a
code of good conduct in society, can therefore play a
role of community insurance against the effects of
climate change and is therefore a way for the
community to create solutions to its problems. This
allows the community to rely on its own resources to
anticipate, respond to, and withstand and recover
from climate disruptions. In this way, a resilient
community is organized in such a way as to be able
not only to overcome the various possible disasters,
but above all to improve its daily life and its
environment by placing greater emphasis on
solidarity. = One of the key factors of collective
resilience is therefore the existence of a capacity and
ability to help each other among members of a
community. These findings are in line with those of
[30] which showed that access to social, cultural and
economic capital are the factors that support building
resilience. These authors then suggest distinguishing
between resilience building processes (pre-impact)
and resilience manifestations (post-impact). For them,
resilience is more than management, in the sense of
minimizing the consequences of adversity or
managing vulnerability to ensure short-term survival.
And they have shown that people can manage their
resilience, but at the same time reduce it, consuming
less food and spending less on education.

4.3 Environmental aspects

The results showed that, for the vulnerability of
populations to climate risks, the establishment of fruit
plantations is essential. The most popular fruit
plantations are those in Anacardium Occidental.
These plantations play a dual role, in particular the
protection of the environment and their socio-
benefits. The Western
plantations are found in all the classified forests of

economic Anacardium
Agoua and TTK and each occupy given proportions.
Their scale is due to the various socio-economic
benefits they offer to the population, especially in
times of welding. According to [26] resilience must
emerge to protect communities and ecosystems.
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Biodiversity conservation, including the restoration of
degraded ecosystems, is essential, not only because it
plays a key role in the global carbon cycle and in
adapting to climate change, but also because it
provides a wide range of ecosystem services that are
essential to human well-being [29]. Forest protection
and afforestation are difficult to envisage in the short
term. Mixed agroforestry systems, on the other hand,
contribute to cover. These systems benefit producers
and contribute to biodiversity [31; 32]. Adaptation and
resilience options offer multiple benefits, including
risk and loss avoidance, economic growth, well-being,
and social and environmental benefits [4]. According
to scientific research, it is clear that trees/forest
ecosystems associated with other components of the
biosphere, through the mechanisms responsible for
current net uptake, contribute to offsetting direct
anthropogenic GHG emissions. However, if no action
is taken to consolidate, preserve or even increase
them, they will become completely ineffective [15].
Thus, increasing a population's resilience reduces its
vulnerability to shocks. In addition, a Dbetter
understanding of the climate, and the impacts of its
variabilities, will help increase resilience [33].
Resilience is increasingly becoming a framework for
addressing climate change adaptation [32]. Finally, for
a community subject to frequent climatic hazards,
environmental protection activities play important
roles [27].

V. CONCLUSION

To deal with the effects of climate change, several
seven (7) options are being considered. These
measures should be based on around 46 actions to
improve the resilience of the populations living along
the Agoua and Toui-Kilibo protected forests. Of these
identified options, three, namely: Sustainable Land
Management, Capacity Building and Improvement of
Socio-Cultural Living Conditions, have variables
directly related to the social link and can positively
contribute to community resilience. The influences of
the other 4 options, in particular environmental
protection, organizational level, institutional support
and the creation of economic activities, also show
modest results, which certainly helped to push down
the AMI result (0.55).
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