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Abstract. Farmers’ awareness and the incidence of climate change are crucial inputs to effectively scale up interventions to 
mitigate the effects of climate change. This is because incidence leads to awareness due to observation of occurrences. The 
purpose of this paper is to examine the determinants of climate change awareness and incidence across farming systems and 
agroecological zones in Sierra Leone. An ex-post-facto research design was applied, while a multistage sampling procedure was 
used to select 865 smallholder farmers across agroecological zones and farming systems. Data were collected with a structured 
questionnaire subjected to face validity and split-half reliability tests. This data analyzed frequency counts, percentages, mul-
tiple regression, and principal component analysis. The results show that farmers in the coastal plain, savannah woodland, and 
transitional rainforest had greater awareness and incidence of climate change across the crop, livestock, and fishery farming 
systems. The significant determinants of awareness and incidence of climate change among farmers are the adoption of crop 
smart practices (t = 4.192; p < 0.01); information needs on water smart practices (t = –5.581; p < 0.01); adoption of nutrient 
smart practices (t = 10.592; p < 0.01); adoption of energy/carbon smart practices (t = 3.206 ; p < 0.01); adoption of livestock 
smart practices (t = 3.608; p < 0.01); information needs on weather smart practices (t = 3.505; p < 0.01); incidence of climate 
change (t = 16.282; p < 0.01); and constraints on nutrient smart practices (t = –2.669; p < 0.01). The Principal Component 
analysis identified four factors, namely Factor 1 (Impact), Factor 2 (Occurrence), Factor 3 (Evidence), and Factor 4 (Threat), 
and accounted for 14.96%, 8.27%, 6.41%, 3.50% of the variance, respectively, with a cumulative variance of 33.14%. The study 
concludes that farmers are aware of the incidence of climate change and are adopting different techniques in response to the dif-
ferent climate changes observed. This study also recommends the identification of specific climate change adaptations and the 
scaling of interventions for adaptation and mitigation.
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INTRODUCTION

The agricultural production landscape in Sierra Leone 
is dominated by small-scale and resource-poor farm-
ers, who produce over 90% of the food consumed in 
the country in small (<2 ha) dispersed land holdings. 
Food security is a major component of the first pillar of 
the four key national development goals NATP-GoSL 

(2019). The government’s overarching strategic policies 
and programs such as the Agenda for Change (2009–
2013), Agenda for Prosperity (2013–2018), and the 
Smallholder Commercialization Program (SCP), con-
sistently prioritized the transformation of agriculture 
and the boosting of the incomes of small-scale farmers 
by supporting value-chain development to move from 
low-input, subsistence-oriented production systems to 
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a sector that can support the country’s aspirations to 
become a middle-income country. Indeed, the central 
strategic focus of the NDG goals is to achieve middle-
income status and eradicate hunger and promote food 
security in the country by the year 2030 (NATP-GoSL, 
2019). The recent focus has been on the intensification, 
diversification, and commercialization of smallholder 
agriculture through value-addition and access to mar-
kets (COWI, 2019).

Even though agriculture is the engine and strategic 
growth sector for Sierra Leone’s social and economic 
development, the sector is constrained by a myriad of 
challenges. These include issues of access to relevant 
technologies and improved practices, low agricultural 
productivity, lack of improved inputs, labor shortages, 
post-harvest losses, land degradation, deforestation, in-
stitutional weaknesses, and deep-rooted problems with 
the organization and management of agricultural educa-
tion, research, and advisory systems. These challenges 
have undermined sustainable agricultural development 
in the country (GoSL, 2017; REACH, 2018; USAID, 
2017). Even though agriculture contributes to the socio-
economic transformation of Sierra Leone, food produc-
tion has not been able to keep pace with the population 
growth, as a high percentage of the country’s population 
is living in poverty and about 70 percent of the popula-
tion is still living below the national poverty line, with 
35 percent undernourished (IMF, 2015; LDC, 2022). 
This is attributed to the fact that the sector is character-
ized by low-input/ output production systems, leading to 
high food importation (GoSL-MAF, 2019).

The food security situation in the country is a nation-
al concern and low-income households and smallholder 
farmers are mostly affected. Ensuring food security has 
been the most important economic and political issue 
facing the country for some time (National Agriculture 
Transformation Programme, 2019–2023; FAO, IFAD, 
UNICEF, WFP, and WHO, 2022). It is worth noting that 
in Sierra Leone, the gap between food supply and food 
demand is widening, which is evident in the observed 
food deficit and the upward trend in the market price 
of foodstuffs in recent times. As stated in the national 
SDGs, food production needs to be doubled to meet its 
population’s food demands by providing food of a suf-
ficient quantity and quality for all (SLNBCC, 2017; 
COWI, 2019). These multiple challenges are further ex-
acerbated by the compounded effects of climate change 
(Irish, Aid, 2016; FAO-GoSL-GAFSP, 2020). According 

to the World Risk Report (2017), Sierra Leone is highly 
vulnerable and lacks the capacity to adapt to extreme 
events such as food chain crises and natural hazards 
which have a direct impact on food security and live-
lihoods. The country experiences a variety of climatic 
hazards such as seasonal drought, strong winds, thun-
derstorms, landslides, heat waves, and floods. Changes 
in rainfall and temperature patterns are reducing crop 
yields, and increasing livestock stress levels, and pest 
and disease outbreaks are becoming more pronounced. 
These changes have adversely affected rural livelihoods, 
reduced export earnings and limited the capacity to pay 
for food imports (Rhodes and Kargbo, 2018).

Climate change poses significant challenges to hu-
mankind because of the global nature of the problem, 
as well as its potentially catastrophic impacts and the 
unknown nature and unpredictability of its onset (FAO, 
2021b). As a predominantly agrarian economic nation, 
climate change has threatened Sierra Leone’s key eco-
nomic sectors and increased the potential to negatively 
influence climate indicators, which are subsequently 
the drivers of agro-climate and farming systems. The 
country’s high dependence on agriculture and natural 
resources, coupled with high rates of poverty, unem-
ployment, and environmental degradation, all leaves 
Sierra Leone vulnerable to climate change impacts. The 
country’s climate change projections include more ex-
treme weather, with increases in temperature, more in-
tense precipitation, and raising sea levels. As the coun-
try relies heavily on rain-fed agriculture, climate change 
poses a serious threat to food and livestock production. 
Moreover, climate change has a negative impact on ag-
riculture communities that depend on agro-based liveli-
hoods. In turn, this poses a threat to agriculture, eco-
nomic growth and development as the climate continues 
to change. USAID (2017) predicted the possibility of 
extreme weather events severely impacting agriculture 
in Sierra Leone. 

In Sierra Leone, agriculture depends on many fac-
tors, including the prevailing environmental or agrocli-
matic indicators such as rainfall, sunshine, temperature, 
and relative humidity, and physiographic factors such 
as vegetation and soils. These factors give distinctive 
characteristics of the various agroecological zones of 
the country. SLARI (2019) describes an agroecological 
zone as a land unit carved out of agro-climatic zones su-
perimposed on landforms, which acts as a modifier to 
climate and length of the growing period. Therefore, it is 
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necessary to delineate the agro-climatic and agroecolog-
ical zones of Sierra Leone for the planning and develop-
ment of agriculture. Based on various ecological, climat-
ic, geological, and topographical factors, Sierra Leone is 
be-delineated into four distinctive agroecological zones, 
namely the coastal plain, the savannah woodland, the 
transitional rainforest, and the rainforest. The parameters 
taken for the classification of these agroecological zones 
are the characteristics of the physiographical features, 
soil characteristics, agro-climatic types, and length of 
the growing period. To a large extent, the agroecological 
settings coupled with the prevailing climatic indicators 
determine the types of farming systems practiced. 

GoSL-MAF (2019) describes the farming system as 
a dominant individual farming activity that has broadly 
similar resource basis, enterprise patterns, household 
livelihoods, and constraints, and for which similar de-
velopment strategies and interventions would be appro-
priate. Agriculture in Sierra Leone broadly constitutes 
diverse farming systems that include crop farming sys-
tems, livestock farming systems, and fishery farming 
systems (NATP-GoSL, 2019–2023). These farming 
systems, mainly including crops, livestock, and fish-
ery, serve as a source of livelihood, employment, and 
income mainly for smallholder farmers in the country. It 
is worth noting that the prevailing agroecological zones 
and socioeconomic factors are the overriding consid-
erations in a smallholder farmer’s choice of a particu-
lar farming system. Since farming is mostly rain-fed, 
with rainfall being the most critical indicator of climate 
(GOSL, 2019), climate change is projected to signifi-
cantly affect crops, livestock, and fishery farming in the 
country. 

Studies have shown that climate change is evident, 
and Sierra Leone is vulnerable to climate change im-
pacts (Rhodes et al., 2018; IFAD, 2020; GoSL, 2020; 
and World Risks Report, 2017). Consequently, the ag-
ricultural sector, which is the engine of the country’s 
economy, is greatly threatened and these issues tend to 
exacerbate the low productivity of agriculture and food 
insecurity in the country (USIAD, 2017). Smallholder 
farmers, who constitute a high proportion of the agricul-
tural sector and also produce over 90% of the food con-
sumed in the country, are the most vulnerable population 
to the changing climate. This is because they lack finan-
cial, technical, and political means to support adaptation 
efforts due to a lack of training for extension officers on 
enhancing productivity, climate change adaptation, and 

mitigation for sustainable agriculture (World Risk Re-
port, 2017). Food security, poverty, and climate change 
are closely linked and should not be considered sepa-
rately. Without strong adaptation measures, and financ-
ing to support them, poverty will not be alleviated and 
food security goals will not be reached (IFAD, 2020). 
Adaptation measures not only enhance food security but 
can potentially contribute to reducing greenhouse gas 
emissions from agriculture. Early action is needed to 
identify and scale up best practices, build capacity and 
experience, and help clarify future choices. 

In addressing the vulnerability of smallholder farm-
ers to climate change, the concept of climate-smart ag-
riculture (CSA) practices was introduced by FAO as 
a strategy for creating the technical, policy, and financial 
frameworks necessary to ensure sustainable agricultural 
development for food security in the face of climate 
change (FAO, 2021). Climate-smart agriculture sustain-
ably increases productivity, and resilience (to climate 
change), reduces/removes greenhouse gases (mitiga-
tion), and enhances the achievement of national food se-
curity and development goals (FAO, 2021. It combines 
the three pillars of sustainable development (economic, 
social, and environmental) by concurrently tackling the 
problems of food security, ecosystem management, and 
climate change. It is supported by three major pillars: 
sustainably increasing agricultural productivity and 
incomes; adapting and building resilience to climate 
change; and reducing and/or removing greenhouse gas 
emissions, where possible. It is an agricultural practice 
that increases productivity sustainably, and resilience 
(to climate change), reduces/removes greenhouse gases 
(mitigation), and enhances the achievement of national 
food security and development goals. Climate-smart ag-
riculture offers triple wins for food security, adaptation, 
and mitigation. Such agriculture requires greater atten-
tion in African policy processes and strategies, from na-
tional to regional levels. While much has been discussed 
on climate change occurrences and impacts on agricul-
tural production and productivity in recent past years, 
less is known about the synergies between climate 
change, farming systems, and climate-smart agriculture 
practices among smallholder farmers in Sierra Leone. 
The objective of the study was therefore to examine cli-
mate change awareness and incidence across farming 
systems and agroecological zones in Sierra Leone. The 
rate of incidence of climate change was also determined 
among farmers.
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METHODOLOGY

Sierra Leone is a country bordered by Guinea, Liberia and, 
the Atlantic Ocean on the north, east, south and the west, 
respectively. It has a land mass of about 72,000 km2 and is 
located within the Upper Guinean Rainforest, ecoregion. 
Sierra Leone has a tropical monsoon and tropical climate 
which is currently divided into four main agroecological 
zones namely Coastal Plain, Savannah Woodland, Tran-
sitional Rainforest, and Rainforest (SLARI, 2019); and 
characterized predominantly by a hot and humid climate 
with distinct wet (May to October) and dry (November to 
April) seasons. The study covered 7 districts, including 
Kailahun, Bo, Bonthe, Moyamba, Kambia, Koinadugu, 
and, Western Rural District, across the five administrative 
provinces namely Eastern, Southern, Northern, North-
Eastern, Western Areas of the country.

The Statistics Sierra Leone (2022) midterm cen-
sus provisional report revealed that there are about 
7,541,641 (3,716,263 males and 3,825,378 females) 

million people living in the country, who are distributed 
within the Agro-ecological Zones (AEZs) with diverse 
characteristics for a wide range of farming systems. Ac-
cording to SLARI (2017), Sierra Leone is divided into 
four (4) Agro-ecological Zones (AEZs) and sixteen (16) 
districts. The AEZs overlapped into 3–4 districts, thus 
the AEZs are not mutually exclusive of the districts. 
The agricultural production landscape in Sierra Leone 
is dominated by small-scale and resource-poor farm-
ers, who produce over 90% of the food consumed in 
the country in small (<2 ha) dispersed holdings. Food 
production and other activities from agriculture (crops, 
livestock, forestry, and fisheries) form the most im-
portant contributor to the economy of Sierra Leone 
(PEMSD/MAFFS, 2015; USAID, 2017).

This study uses an expo facto design approach and 
explains the prediction of possible causes after the oc-
currence of an effect, so that the effect of pre-existing 
causal conditions between independent variables and 
dependent variables are identified (Kerlinger, 1998). 

Fig. 1. Map of Sierra Leone showing the Agro-Ecological Zones 
Source: SLARI Strategic Plan, 2012–2021.
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Smallholder farmers across the different agroecologi-
cal zones and practicing various farming systems in 
Sierra Leone constituted the study population. Sierra 
Leone was stratified into agroecological zones by Si-
erra Leone Agricultural Research Institute (SLARI) and 
each zone covered the government administration. Dis-
tricts that are predominantly reflective of the agroeco-
logical zones were purposively selected. These selected 
districts across the AEZs and regions of Sierra Leone 
included Kailahun, Bo, Bonthe, Moyamba, Kambia, 
Koinadugu, and Western Rural District. To generate 
a sampling frame, the researchers obtained prior house 
listings conducted by the Ministry of Agriculture for the 
selected districts. A Rao Soft sample size calculator was 
used to obtain sample size from each of the districts with 
160, 110, 50, 110, 150, 130, 5, and 150, respectively, 
from the districts. Data were collected through struc-
tured questionnaires which had earlier been subjected 
to face validity by experts in agricultural extension and 
climate-smart agriculture and recorded a reliability co-
efficient of 0.87 using a split-half technique. The ques-
tionnaire assessed respondents’ levels of awareness and 
perception of climate change parameters such as rain-
fall, temperature, and sunshine in the study area over 
the last 5–10 years. The variables of the study, such as 
awareness, were measured as yes and no; the incidence 
of climate change was operationalized as yes and no; 
and the rate of incidence of climate change was opera-
tionalized as high moderate and low. Trained enumera-
tors who understand the local languages in each of the 
agroecological zones in Sierra Leone were used for 
face-to-face interview surveys under the close supervi-
sion of one of the researchers. The data were analyzed 
as a reference group and no unique individual identifiers 
were included in the data or the results. Ethics approval 
was granted by the committee of the School of Agri-
culture, Njala University, Sierra Leone. Data were ana-
lyzed using percentages, multiple regression, and PCA. 

The Multiple Regressio Model is expressed as 

Y = β0 + β1 X ε

Where:
Y – climate awareness, the incidence of climate 

change
X – independent variables (adoption of smart prac-

tices on weather, livestock, crop, nutrient, wa-
ter; constraints to adoption, socioeconomic 
characteristics, and agro-ecological zones)

β – coefficient of parameters 
β0 – intercept 
ε – error term

The Principal Components Analysis, as specified by 
Koutsoyiannis (2003), is presented as follows:

Given variables (Xs… original variables of the com-
posite climate-smart agriculture, awareness, 
and perception of climate change)

Xs…Xp measured in ‘n’ farmers
P1…Pp: the principal components which are uncor-

related linear combinations of the variables, 
X1…Xp, given a P1 = α11X1 + α12X2 + … + α1pXpP2 
= α21X1 + α22X2 + … +

Pp = αp1X1 + αp2X2 + … + α1ppXpz

The component loadings were chosen on the condi-
tion that the principal components were not related, and 
that the first component would account for the maxi-
mum possible proportion of the total variation in the 
original variables.

RESULTS AND DISCUSSIONS

The results are organized into five sections on climate 
change awareness, the incidence of climate change, rate 
of climate change incidence determinants of climate 
change awareness and incidence, and principal com-
ponent analysis of the determinants of awareness and 
incidence of climate change across farming systems and 
agroecological zones. 

Table 1 presents the results of the climate change 
awareness by smallholder farmers across farming sys-
tems and agroecological zones. The level of awareness 
and issues covered by the awareness varied across farm-
ing systems and agroecological zones. No awareness was 
recorded for fishery and livestock farming systems under 
savannah woodland and rainforest agroecological zones 
because most farmers in these agroecological zones do 
not practice these farming systems. The most prominent 
indicators of awareness of climate change among farm-
ers under the crop farming system are: interruption of 
the farming calendar (33.7%) and crop failure (33.8%); 
frequent pests and disease outbreaks (71.4) under the 
livestock farming system; change in the degree of tem-
perature (94.1%); and change in the intensity of rainfall 
(93.1%) under fishery in the coastal plain agroecological 
zone. In the savannah woodland agroecological zone, 
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prominent indicators of awareness of climate change 
are the frequency of rainfall (94.2%), change in humid-
ity (95.6%) and incidence of droughts (34.1%), the ap-
pearance of new weed species (32.6%) for livestock and 
crop farming systems, respectively. In the transitional 
rainforest agroecology, farmers in crop farming systems 
are aware of excessive runoff (28.2%), and frequent pest 
and disease outbreaks (28.9%). A notable awareness fac-
tor in the fishery farming system is the prolonged rainy 

season (12%). Changes in the frequency of rainfall and 
increased flooding were reported in the crop farming 
system under the rainforest agroecological zone.

The trend of the results from Table 1 could be attrib-
uted to experiences, observations, and incidences that 
smallholder farmers have experienced in the past few 
years. These have culminated in the proportion and link-
ages of these occurrences to climate change. Akano et al. 
(2022a) reported that “increasing rainfall and temperature 

Table 1. Climate change awareness by smallholder farmers across farming systems and agroecological zones

Climate change 
awareness

Agroecological zones

coastal plain savanna woodland transitional rain forest rain forest

crop L/stock fishery crop L/stock fishery crop L/stock fishery crop L/stock fishery

freq 
(%)

freq 
(%)

freq 
(%)

freq 
(%)

freq 
(%)

freq 
(%)

freq 
(%)

freq 
(%)

freq 
(%)

freq 
(%)

freq 
(%)

freq 
(%)

1 2 3 4 5 6 7 8 9 10 11 12 13
Change in the degree 
of temperature

172 
(30.6)

5 
(4.7)

95 
(94.1)

152 
(27.0)

100 
(93.5)

– 119 
(21.2)

2 
(1.9)

6 
(5.9)

119 
(21.2)

– –

Change in the intensity 
of rainfall

198 
(32.1)

4 
(3.8)

99 
(93.4)

150 
(24.4)

98 
(94.2)

– 120 
(19.5)

2 
(1.9)

7 
(6.6)

148 
(24.0)

– –

Change in the frequen-
cy of rainfall

192 
(31.7)

7 
(7.3)

99 
(90.8)

147 
(24.3)

86 
(89.6)

– 120 
(19.8)

3 
(3.1)

10 
(9.2)

147 
(24.3)

– –

Change in humidity 
(Heat)

157 
(28.4)

3 
(3.3)

84 
(91.3)

150 
(27.1)

87 
(95.6)

– 119 
(21.5)

1 
(1.1)

8 
(8.7)

127 
(23.0)

– –

Change in the frequen-
cy of wind

160 
(28.8)

3 
(3.0)

93 
(94.9)

143 
(25.8)

96 
(95.0)

– 118 
(21.3)

2 
(2.0)

5 
(5.1)

134 
(24.1)

– –

Change in the intensity 
of Sunshine

186 
(31.5)

9 
(8.5)

94 
(94.0)

144 
(24.4)

92 
(86.8)

– 119 
(20.2)

5 
(4.7)

6 
(6.0)

141 
(23.9)

– –

A prolonged dry season 149 
(26.5)

4 
(3.8)

61 
(91.0)

158 
(28.1)

100 
(94.3)

– 118 
(21.0)

2 
(1.9)

6 
(9.0)

138 
(24.5)

– –

A prolonged rainy 
season

165 
(28.3)

3 
(3.4)

73 
(88.0)

159 
(27.2)

84 
(94.4)

– 120 
(20.5)

2 
(2.2)

10 
(12.0)

140 
(24.0)

– –

A reduced harmattan 
period

122 
(24.4)

3 
(3.9)

68 
(91.9)

146 
(29.2)

73 
(94.8)

– 114 
(22.8)

1 
(1.3)

6 
(8.1)

118 
(23.6)

– –

Warmer harmattan 
season

123 
(24.6)

4 
(4.2)

66 
(91.7)

150 
(29.9)

89 
(93.7)

– 109 
(21.8)

2 
(2.1)

6 
(8.3)

119 
(23.8)

– –

Drier wetlands 131 
(26.4)

5 
(4.8)

39 
(88.6)

144 
(29.0)

97 
(93.3)

– 106 
(21.4)

2 
(1.9)

5 
(11.4)

115 
(23.2)

– –

Increased flooding 130 
(25.2)

2 
(4.3)

53 
(91.4)

158 
(30.6)

44 
(93.6)

– 104 
(20.2)

1 
(2.1)

5 
(8.6)

124 
(24.0)

– –

Pest and disease resist-
ance to control

159 
(29.1)

3 
(3.5)

40 
(88.9)

147 
(26.9)

81 
(94.2)

– 106 
(19.4)

2 
(2.3)

5 
(11.1)

135 
(24.7)

– –
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would impact warmer conditions that support rapid crop 
putrefaction, flooding, droughts, challenging postharvest 
crop management, pest, and disease proliferation, and ul-
timately, reduced crop yields, while perpetually low rain-
fall and temperature conditions will cause poor seedling 
emergence and growth, seed and total crop loss”. Several 

authors have reported that smallholder farmers and agro-
pastoralists in African countries have a high level of cli-
mate change awareness (Ado et al., 2019).

The results for the incidence of climate change 
among smallholder farmers across farming systems and 
agroecological zones are presented in Table 2. The level 

Table 1 – cont.

1 2 3 4 5 6 7 8 9 10 11 12 13
Drought 93 

(24.2)
0 

(0.0)
20 

(100)
131 

(34.1)
68 

(100.)
– 88 

(22.9)
0 

(0.0)
0 

(0.0)
72 

(18.8)
– –

The appearance of new 
weed species

82 
(22.3)

6 
(4.5)

23 
(100)

120 
(32.6)

2 
(18.2)

– 92 
(25.0)

3 
(27.3)

0 
(0.0)

74 
(20.1)

– –

Recession of rivers 71 
(28.5)

4 
(8.9)

39 
(100)

52 
(20.9)

39 
(86.7)

– 68 
(27.3)

2 
(4.4)

0 
(0.0)

58 
(23.3)

– –

Excessive run-off 96 
(30.1)

1 
(2.4)

35 
(100)

58 
(18.2)

39 
(86.7)

– 90 
(28.2)

2 
(4.4)

0 
(0.0)

75 
(23.5)

– –

Frequent pests and 
disease outbreaks

95 
(27.2)

5 
(71.4)

29 
(100)

80 
(22.9)

2 
(40.0)

– 101 
(28.9)

1 
(20.0)

0 
(0.0)

73 
(20.9)

– –

Insufficient flow of 
water bodies

89 
(28.3)

2 
(4.0)

41 
(89.1)

110 
(34.9)

73 
(93.6)

– 62 
(19.7)

2 
(2.6)

5 
(10.9)

54 
(17.1)

– –

Rise in sea/ocean 
levels

59 
(100)

3 
(3.8)

69 
(32.4)

49 
(23.0)

0 
(0.0)

– 50 
(23.5)

28.6) 0 
(0.0)

45 
(21.1)

– –

Interruption of the 
farming calendar

199 
(33.7)

– – 157 
(26.6)

0(0.0) – 117 
(19.8)

0(0.0) – 118 
(20.0)

– –

Crop failure 204 
(33.8)

– – 159 
(26.4)

0(0.0) – 118 
(19.6)

0(0.0) – 122 
(20.2)

– –

Less fertile soils 175 
(31.5)

– – 156 
(28.1)

0(0.0) – 113 
(20.3)

0(0.0) – 112 
(20.1)

– –

Shifting in seasonal 
patterns

187 
(31.6)

10 
(9.2)

99 
(90.8)

152 
(25.7)

94 
(86.2)

– 114 
(19.3)

5 
(4.6)

10 
(9.2)

138 
(23.4)

– –

Limit animal 
productivity

– 1 
(1.1)

– 0 
(0.0)

89 
(97.8)

– 0 
(0.0)

1 
(1.1)

– 0 
(0.0)

– –

Reducing the area for 
grazing

– 2 
(1.9)

– 0 
(0.0)

100 
(97.1)

– 0 
(0.0)

1 
(1.0)

– 0 
(0.0)

– –

Increase death rate in 
livestock

– 10 
(9.1)

– 0 
(0.0)

95 
(86.4)

– 0 
(0.0)

5 
(4.5)

– 0 
(0.0)

– –

Disruption of fish 
habitat

– 0(0.0) 93 
(100)

0 
(0.0)

0(0.0) – 0 
(0.0)

0(0.0) 0 
(0.0)

0 
(0.0)

– –

Change in animal 
migration patterns

– 3 
(3.1)

– 0 
(0.0)

91 
(94.8)

– 0 
(0.0)

2 
(2.1)

– 0 
(0.0)

– –

Lead to poverty and 
hunger

193 
(31.9)

10 
(9.3)

56 
(84.8)

156 
(25.8)

92 
(86.0)

– 119 
(19.7)

5 
(4.7)

10 
(15.2)

137 
(22.6)

– –

Source: field survey, 2022.
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Table 2. Incidence of climate change among smallholder farmers across farming systems and agroecological zones

Incidence of climate 
change

Agroecological zones

coastal plain savanna woodland transitional rain forest rain forest

crop L/stock fishery crop L/stock fishery Crop L/stock fishery crop L/stock fishery

Freq 
(%)

Freq 
(%)

Freq 
(%)

Freq 
(%)

Freq 
(%)

Freq 
(%)

Freq 
(%)

Freq 
(%)

Freq 
(%)

Freq 
(%)

Freq 
(%)

Freq 
(%)

1 2 3 4 5 6 7 8 9 10 11 12 13
Change in the degree 
of temperature

130 
(30.4)

8 
(7.8)

79 
(91.9)

153 
(35.7)

91 
(88.3)

– 67 
(15.7)

4 
(3.9)

7 
(8.1)

78 
(18.2)

– –

Change in the intensity 
of rainfall

133 
(28.9)

4 
(4.3)

77 
(89.5)

152 
(33.)

88 
(93.6

– 84 
(18.3)

2 
(2.1)

9 
(10.5)

91 
(19.8)

– –

Change in the frequen-
cy of rainfall

135 
(29.0)

7 
(7.5)

78 
(89.7)

146 
(31.3)

83 
(89.2)

– 82 
(17.6)

3 
(3.2)

9 
(10.3)

82 
(17.6)

– –

Change in humidity 
(Heat)

115 
(26.8)

8 
(8.6)

84 
(92.3)

87 
(20.3)

81 
(87.1)

– 87 
(20.3)

4 
(4.3)

7 
(7.7)

92 
(21.4)

– –

Change in the frequen-
cy of wind

108 
(25.7)

2 
(2.7)

67 
(89.3)

128 
(30.4)

71 
(95.9)

– 98 
(23.3)

1 
(1.4)

8 
(10.7)

87 
(20.7)

– –

Change in the intensity 
of sunshine

163 
(33.9)

4 
(5.4)

85 
(92.4)

133 
(27.7)

68 
(91.9)

– 86 
(17.9)

2 
(2.7)

7 
(7.6)

99 
(20.6)

– –

A prolonged dry season 117 
(30.2)

8 
(10.8)

82 
(96.5)

112 
(28.9)

61 
(82.4)

– 67 
(17.3)

5 
(6.8)

3 
(3.5)

92 
(23.7)

– –

A prolonged rainy 
season

121 
(29.2)

5 
(7.7)

60 
(90.9)

120 
(28.9)

58 
(89.2)

– 73 
(17.6)

2 
(3.1)

6 
(9.1)

101 
(24.3)

– –

A reduced harmattan 
period

109 
(31.5)

4 
(12.9)

55 
(93.2)

103 
(29.9)

25 
(80.6)

– 67 
(19.4)

2 
(6.5)

4 
(6.8)

67 
(19.4)

– –

Warmer Harmattan 
season

98 
(27.7)

8 
(12.7)

56 
(94.9)

105 
(29.7)

51 
(81.0)

– 77 
(21.8)

4 
(6.3)

3 
(5.1)

74 
(20.9)

– –

Drier wetlands 112 
(30.4)

0 
(0.0)

73 
(97.3)

92 
(24.9)

43 
(100)

– 81 
(22.0)

0 
(0.0)

2 
(2.7)

84 
(22.8)

– –

Increased flooding 133 
(37.6)

0 
(0.0)

60 
(98.4)

91 
(25.7)

34 
(100)

– 69 
(19.5)

0 
(0.0)

1 
(1.6)

61 
(17.2)

– –

Pest and disease resist-
ance to control

109 
(26.5)

5 
(9.3)

19 
(86.4)

130 
(31.6)

47 
(87.0)

– 86 
(20.9)

2 
(3.7)

3 
(13.6)

87 
(21.1)

– –

Drought 92 
(24.1)

4 
(13.8)

48 
(100)

121 
(31.7)

23 
(79.3)

– 61 
(16.0)

2 
(6.90

0 
(0.0)

108 
(28.3)

– –

The appearance of new 
weed species

108 
(29.8)

0 
(0.0)

46 
(100)

91 
(25.1)

31 
(100)

– 80 
(22.1)

0 
(0.0)

0 
(0.0)

83 
(22.9)

– –

Recession of rivers 96 
(31.5)

0 
(0.0)

54 
(100)

71 
(23.3)

30 
(100)

– 60 
(19.7)

0 
(0.0)

0 
(0.0)

78 
(25.6)

– –

Excessive run-off 109 
(29.8)

0 
(0.0)

65 
(100)

81 
(22.1)

11 
(100)

– 85 
(23.2)

0 
(0.0)

0 
(0.0)

91 
(24.9)

– –

Frequent crop pests 
and disease outbreaks

104 
(29.7)

4 
(10.3)

54 
(100)

88 
(25.1)

32 
(82.1)

– 80 
(22.9)

3 
(7.7)

0 
(0.0)

78 
(22.3)

– –
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of incidence and issues covered by the incidence varied 
across farming systems and agroecological zones. No 
incidence was recorded for fishery farming systems un-
der savannah woodland agroecology nor livestock and 
fishery farming systems in the rainforest agroecological 
zone, due to the non-prominence of such farming sys-
tems in these agroecological zones. Increased flooding 
(37.6%), interruption of the farming calendar (35.7%, 
crop failure (3,5.7%), and less fertile soils (36.3%) were 
the major incidents attributed to climate change by farm-
ers in the crop farming systems under the coastal agroeco-
logical zone. Farmers operating fishery farming systems 
under coastal agroecological zone reported incidences 
of the prolonged dry season (96.5%), increased flooding 
(98.4%), and disruptions of fish habitat (98.6%). Ihena-
cho et al. (2019) and Hundera et al. (2019) reported an 
increase in strong winds, low precipitation, drought, and 
desertification as indicators of climate change among 
smallholders. Akano et al. (2022b), in their study of 

awareness and perception of climate change by small-
holder farmers in agroecological zones of Oyo state Ni-
geria, affirmed that the indicators of climate change were 
more profound and different when savannah is compared 
to the rainforest agroecological zone; thus, farmers in the 
savannah agroecological zone had higher awareness of 
incidences of climate variability. In the savannah wood-
land agroecological zones, farmers operating in the crop 
farming system reported incidences of change in the 
degree of temperature (35.7%) and change in rainfall 
intensity (33.5%), while farmers in the livestock farm-
ing system indicated a change in the frequency of wind 
storms (95.9%), low animal productivity (97.9%) and 
increased morbidity and death rate in livestock (92.2%). 
Farmers in the crop farming system under transitional 
rainforest agroecology reported incidences of change 
in the frequency of windstorms (23.3%); while farm-
ers in the fishery farming system indicated a change in 
heat and the frequency of rainfall at 10.5% and 10.3%, 

Table 2 – cont.

1 2 3 4 5 6 7 8 9 10 11 12 13
Insufficient flow of 
water bodies

72 
(24.7

0 
(0.0)

69 
(100)

65 
(22.3)

9 
(100)

– 78 
(26.8)

0 
(0.0)

0 
(0.0)

76 
(26.1)

– –

Rise in sea/ocean 
levels

97 
(30.6)

0 
(0.0)

74 
(100)

81 
(25.6)

21 
(100)

– 68 
(21.5)

0 
(0.0)

0 
(0.0)

71 
(22.4)

– –

Interruption of the 
farming calendar

169 
(35.7)

– – 108 
(22.8)

– – 83 
(17.5)

– – 113 
(23.9)

– –

Crop failure 177 
(35.7)

– – 130 
(26.2

– – 86 
(17.3)

– – 103 
(20.8)

– –

Less fertile soils 166 
(36.3)

– – 119 
(26.0)

– – 90 
(19.7)

– – 82 
(17.9)

– –

Shifting in seasonal 
patterns

143 
(31.9)

8 
(11.6)

86 
(93.5)

112 
(25.0)

56 
(81.2)

– 100 
(22.3)

5 
(7.2)

6 
(6.5)

93 
(20.8)

– –

Limit animal 
productivity

– 1 
(1.0)

– – 95 
(97.9)

– – 1 
(1.0)

– – – –

Reducing the area for 
grazing

– 0 
(0.0)

– – 100 
(100)

– – 0 
(0.0)

– – – –

Increase morbidity and 
death rate in livestock

– 5 
(5.6)

– – 83 
(92.2)

– – 2 
(2.2)

– – – –

Disruption of fish 
habitat

– – 71 
(98.6)

– – – – – 1 
(1.4)

– – –

Change in animal 
migration patterns

– 1 
(1.0)

– – 100 
(98.0)

– – 1 
(1.0)

– – – –

Source: field survey, 2022.
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respectively. Only farmers in the crop farming system 
under the rainforest agroecology indicated incidences of 
drought (28.3%), excessive run-off (24.9%), and insuffi-
cient flow of water bodies (26.1%). Akano et al. (2022b) 
reported incidences of crop failure, a reduction in crop 
yields, less fertile soils, and a reduction in organic mat-
ter across the agroecological zones of southwest Nigeria. 
According to Issa et al. (2015) and Vani (2016), harsh 
growing conditions due to erratic weather patterns were 

observed by farmers as part of the evidence of climate 
change. Akano et al. (2022a) also stated that farmers 
across the agroecological zones of southwest Nigeria 
reported the incidence of the prolonged dry season, ex-
tended periods of the wet season, and the decline in the 
Harmattan season, and a warmer Harmattan season as 
evidence of climate change. 

In Table 3, the rate of incidence of climate change 
among smallholder farmers across farming systems and 

Table 3. Rate of incidence of climate change among smallholder farmers across farming systems and agroecological zones

Climate change parameters

Rate of incidence of climate change

high moderate low none response total 

freq (%) freq (%) freq (%) freq (%) freq (%)

Change in the degree of temperature 617 (71.3) 131 (15.1) 50 (5.8) 67 (7.7) 865 (100)

Change in the intensity of rainfall 640 (74.0) 142 (16.4) 62 (7.2) 21 (2.4) 865 (100)

Change in the frequency of rainfall 646 (74.7) 141 (16.3) 57 (6.6) 21 (2.4) 865 (100)

Change in humidity (heat) 613 (70.9) 137 (15.8) 26 (3.0) 89 (10.3) 865 (100)

Change in the frequency of wind 570 (65.9) 178 (20.6) 39 (4.5) 78 (9.0) 865 (100)

Change in the intensity of sunshine 647 (74.8) 160 (18.50 19 (2.2) 39 (4.5) 865 (100)

Evidence of climate change

A prolonged dry season 547 (63.2) 222 (25.7) 39 (4.5) 57 (6.6) 865 (100)

A prolonged rainy season 546 (63.1) 227 (26.2) 64 (7.4) 28 (3.2) 865 (100)

A reduced harmattan period 436 (50.4) 313 (36.2) 40 (4.6) 76 (8.8) 865 (100)

Warmer harmattan season 476 (55.0) 241 (27.9) 101 (11.7) 47 (5.4) 865 (100)

Drier wetlands 487 (56.3) 216 (25.2) 105 (12.1) 57 (6.6) 865 (100)

Increased flooding 449 (51.9) 259 (29.9) 66 (7.6) 91 (10.5) 865 (100)

Pest and disease resistance to control 488 (56.4) 211 (24.5) 71 (8.2) 95 (11.0) 865 (100)

Increased frequency of strong winds and dust 498 (57.6) 186 (21.5) 100 (11.6) 81 (9.4) 865 (100)

Ground-water shortage 387 (44.7) 236 (27.3) 114 (13.2) 128 (14.8) 865 (100)

Water stress and drought conditions 459 (53.1) 203 (23.5) 60 (6.9) 143 (16.5) 865 (100)

The appearance of new weed species 439 (50.8) 187 (21.6) 51 (5.9) 188 (21.7) 865 (100)

Recession of rivers 389 (45.0) 209 (24.2) 59 (6.0) 208 (24.0) 865 (100)

Excessive run-off 442 (51.1) 153 (17.7) 45 (5.2) 225 (26.0) 865 (100)

Frequent crop pests and disease outbreaks 443 (51,2) 197 (22.8) 69 (8.0) 156 (18.0) 865 (100)

Insufficient flow of water bodies 369 (42.7) 206 (23.8) 77 (8.9) 213 (24.6) 865 (100)

Rise in ocean levels 412 (47.6) 184 (21.3) 54 (6.20 215 (24.9) 865 (100)

Inundation of coastal low-lying areas 383 (44.3) 181 (20.9) 74 (8.60 227 (26.2) 865 (100)

Source: field survey, 2022.
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agroecological zones in Sierra Leone is presented. The 
rate of incidence was rated on a 3-point scale of High, 
Moderate, and Low to elicit the frequency of occurrence 
of climate change indicators. The results were pooled 
across farming systems and agroecological zones to 
give a holistic pattern of farmers’ responses. The climate 
change indicators with the highest and most frequent oc-
currence are changes in the intensity of rainfall (74.0%), 
change in the frequency of rainfall (74.7%), changes in 
the intensity of sunshine (74.8%), prolonged dry season 
(63.2%), and a prolonged raining season (63.1%). The 
trend of these results may be because the crop farming 
system predominates all others in Sierra Leone. Simi-
larly, savannah woodland, transitional rainforest, and 
rainforest agroecological zones accommodate more 
farming activities than the coastal plain zone. Nyang’au 
et al. (2021) and Myeni and Moeletsi (2020) noted that 
farmers indicated a decrease in rainfall, poor rainfall 
distribution, late onset of rainfall, and an increase in 
temperature. According to Mamun et al. (2021), farm-
ers reported incidences of the flood, drought, riverbank 
erosion, and heat waves; Asrat and Simane (2018) stated 
that there exists an increasing trend in decreasing tem-
perature trend in precipitation among farmers. Simi-
larly, Asante et al. (2021) reported protracted drought, 
unpredictable rainfall patterns high temperatures, strong 
winds, and frequent flood events. According to Ajuang 
(2016), households reported rising temperatures, declin-
ing rains, increased droughts frequency, and changes in 
water sources. Ayanlade et al. (2017) concluded that 
farmers’ perceptions of climate change based on local 
climate parameters mirror meteorological analysis.

The results of the regression model on the determi-
nants of climate change awareness and incidence by 
smallholder farmers across farming systems and agro-
ecological zones are presented in Table 4. The analysis 
of the results shows that there is a significant relationship 
between the independent variables and climate change 
awareness with an F value of 32.45 and p = 0.05. The 
R-value of 0.77, R square of 0.59, and adjusted R Square 
of 0.57 show that multiple correlations exist between cli-
mate change awareness and independent variables, such 
that 59% of the variance in climate change awareness 
was explained by the independent variables. The inde-
pendent variables comprised factors related to the adop-
tion of adaptation techniques, constraints in the use of 
adaptation techniques, information need for adaptation, 
the incidence of climate change, and socioeconomic 

characteristics to give a total of 37 variables. Fifteen 
variables are significant with 11 at 1%, and 2 variables 
each at 5% and 10%. Eight out of 15 significant variables 
across the significance levels are inversely (negative) re-
lated to awareness of climate change. The significant de-
terminants of awareness of climate change among farm-
ers are: the adoption of crop-smart practices; information 
needs on water-smart practices; adoption of nutrient 
smart practices; adoption of energy/carbon-smart prac-
tices; adoption of livestock-smart practices; information 
needs on livestock-smart practices; information needs on 
weather-smart practices; incidence of climate change; 
constraints on livestock-smart practices; constraints on 
fish-smart practices; constraints on nutrient-smart prac-
tices. Others are farmers’ household size; farmers’ posi-
tion in the community; adoption of water-smart practic-
es; and factors influencing the farming systems practices.

Similarly, the regression model on the determinants 
of climate change incidence by smallholder farmers 
across farming systems and agroecological zones in Ta-
ble 4 shows that a significant relationship exists between 
the independent variables and climate change incidence 
with an F value of 19.78 and p = 0.05. The R-value of 
0.68, R square of 0.46, and adjusted R Square of 0.44 
show that strong multiple correlations exist between cli-
mate change incidence and independent variables, such 
that 46% of the variance in climate change incidence 
was explained by the independent variables. The inde-
pendent variables comprised factors related to the adop-
tion of adaptation techniques, constraints in the use of 
adaptation techniques, information need for adaptation, 
the incidence of climate change, and socioeconomic 
characteristics to give a total of 37 variables. Eight vari-
ables each are significant at 1% and 5% respectively and 
3 variables at 10%. Eight out of 19 significant variables 
across the significance levels are inversely (negative) re-
lated to the incidence of climate change. The significant 
determinants of the incidence of climate change among 
farmers are: factors influencing fish-smart practices; 
adoption of fish-smart practices; information needs on 
weather-smart practices; factors influencing the adoption 
of crop-smart practices; factors influencing the farming 
systems practices; the age of the farmer; constraints on 
livestock-smart practices; information needs on energy/
carbon-smart practices; information needs on crop-smart 
practices; adoption of water-smart practices; adoption of 
nutrient-smart practices; gender of the farmer; constraints 
on weather-smart practices . Other significant variables 
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Table 4. Determinants of climate change awareness and incidence by smallholder farmers across farming systems and agroeco-
logical zones

Variable
Awareness Incidence

B(Beta) t B(Beta) t
1 2 3 4 5

(Constant) 30.068  (4.539) 6.624*** 17.355 (8.884) 1.953**

Factors influencing fish smart practices .016 (.036) .434 .988 (.059) 16.646***

Adoption of crop smart practices .199 (.047) 4.192*** .164 (.071) 2.328**

Information needs on crop smart practices .057 (.123) .463 –.182 (.091) –1.998**

Constraints on crop smart practices .091 (.060) 1.516 .451 (.240) 1.880*

Adoption of water-smart practices –.084 (.050) –1.687* –.243 (.118) –2.061**

Information needs on water smart practices –.334 (.060) –5.581*** .064 (.098) .657

Constraints on water smart practices –.070 (.075) –.921 .030 (.119) .251

Adoption of nutrient smart practices .445 (.042) 10.592*** –.379 (.148) –2.553**

Information needs on nutrient smart practices –.084 (.089) –.949 –.033 (.088) –.369

Constraints on nutrient smart practices –.069 (.026) –2.669*** .282 (.175) 1.614

Adoption of energy/carbon smart practices .224 (.070) 3.206*** –.103 (.050) –2.047*

Information needs on energy/carbon smart practices .038 (.082) .463 –1.003 (.134) –7.480***

Adoption of livestock smart practices .556 (.154) 3.608*** .337 (.160) 2.107**

Information needs on livestock smart practices 2.782 (.496) 5.606*** .538 (.304) 1.773*

Constraints on livestock smart practices –2.053 (.293) –7.019*** –5.297 (.979) –5.409***

Adoption of fish smart practices .043 (.090) .474 2.980 (.585) 5.096***

Information needs on fish smart practices .134 (.098) 1.356 .089 (.178) .499

Constraints on fish smart practices –.406 (.121) –3.346*** .058 (.194) .300

Adoption of weather smart practices –.095 (.059) –1.604 –.147 (.241) –.610

Information needs on whether smart practices .446 (.127) 3.505*** .686 (.115) 5.974***

Constraints on weather smart practices –.031 (.049) –.631 –.496 (.242) –2.051**

Factors influencing the adoption of CSA practices –.005 (.012) –.428 .362 (.096) 3.761***

Factors influencing the farming systems practices .085 (.048) 1.753* .102 (.022) 4.574***

Age of the farmer .007 (.022) .316 –.265 (.093) –2.849***

Gender of the farmer .598 (.556) 1.074 –.093 (.043) –2.171**

Farmers’ level of education –.294 (.227) –1.300 –1.156 (1.097) –1.054

Farmers’ marital status .214 (.558) .383 .118 (.447) .264

Farmers’ religious affiliation –.577 (.492) –1.174 .432 (1.101) .392

Farmers’ household size –.163 (.067) –2.434** –.507 (.962) –.527

Farmers’ household members that are below18 years –.086 (.135) –.638 .318 (.131) 2.421**

Farmers’ household status –.579 (.690) –.839 .115 (.264) .437
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are: farmers’ household members that are below 18 
years; adoption of crop-smart practices; constraints on 
crop-smart practices, adoption of energy/carbon-smart 
practices, adoption of livestock-smart practices; and in-
formation needs on livestock-smart practices.

The significance of adoption factors about adaptation 
strategies would have been influenced by the awareness 
of the need for such practices. The incidence of climate 
change also led to awareness and the adoption of ad-
aptation strategies is responsive to awareness. Variables 
related to information needs described the information-
seeking behavior aroused by the awareness and inci-
dence of climate change among farmers to be able to 
adapt and cope with the climate variations. The signifi-
cant socioeconomic factors could be due to the need to 
ensure food security for the households, and available 
family labor to help in the application of adaptation 
methods. Ajuang (2016) reported that gender, educa-
tion level, and age significantly influenced respondents’ 
awareness of climate change markers, while Akano 
et al. (2022b) stated that the determinants of climate 
change awareness and perception to be agroecological 
zones, land tenure systems, and religion among farm-
ers. Atube et al. (2021) showed that the marital status of 
the household head, access to credit, access to extension 
services, and farm income influenced farmers’ adoption 
of planting drought-resistant varieties as an adaptation 
strategy to cushion the incidence of occurrence of cli-
mate change. 

Principal Component Analysis
The results of the Principal Component Analysis (PCA) 
of the determinants of awareness and incidence of climate 
change across farming systems and agroecological zones 
in Sierra Leone are presented in Table 5. From these re-
sults, four factors were extracted based on the responses 
of the smallholder farmers across farming systems and 
agroecological zones due to the Kaiser criterion (1960) 
that was used to select the underlying types and several 
components explaining the data. All variables in each of 
the extracted components that had Eigen values (a meas-
ure of explained variance) of less than one, which were 
unaccounted for, while variables with factor loadings 
greater than or equal to ±0.300 were considered in the 
depiction of the components. Koutsoyiannis (2001) noted 
that to indicate a positive degree of relationship, only val-
ues in loadings greater than 0.30 were selected. According 
to Tabachnick and Fidell (2007), “a factor loading signifi-
cantly contributes to the derived component of the study 
if it exceeds 0.30”; thus, all the items explaining each de-
rived component on the scale loaded appropriately upon 
the PCA. The squared multiple correlations between each 
item and all other items depicted as commonalities show 
the relationship between each variable and all other vari-
ables. They also show the association between variables. 
The extracted components for the determinants of aware-
ness and incidence of climate change across farming sys-
tems and agroecological zones are described as Factor 

Table 4 – cont.

1 2 3 4 5
Length of stay in the community .012 (.017) .682 .933 (1.362) .685

Farmers’ position in the community –.351 (.145) –2.426** .032 (.034) .929

Farmers’ affiliation with a farming organization .563 (.826) .682 .281 (.286) .984

Farmers’ status in farming organization –.019 (.206) –.093 .016 (1.630) .010

Agroecological zone .131 (.248) .529 .431 (.406) 1.062

Incidence of climate change .252 (.015) 16.282***

R 0.77 0.68

R square 0.59 0.46

Adjusted R Square 0.57 0.44

F 32.45 19.78

P 0.05 0.05

Source: field survey, 2022.
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Table 5. Principal Component Analysis of the determinants of awareness and incidence of climate change across farming sys-
tems and agroecological zones

Component matrix Factor 1 
Impact 

Factor 2 
Occurrence

Factor 3
Evidence

Factor 4 
Threat

Commu-
nalities

1 2 3 4 5 6
Reduce reproductive efficiency and egg production, quality,  
and weight

–.924 0.950

Reduce body size, carcass weight, and fat thickness –.922 0.952

Reduce livestock growth –.922 0.953

Decrease water availability and quality –.918 0.952

Reduce livestock reproductive successes and milk production –.918 0.955

High Temp causes heat stress in livestock –.917 0.954

Reducing the area for grazing –.917 0.955

Increase morbidity and death rate in livestock –.916 0.934

Increase livestock water requirement –.914 0.947

Change in animal migration patterns –.912 0.947

Limit animal productivity/ yield –.907 0.938

Excessive run-off .667 0.705

Reduced crop yields .665 0.880

Less fertile soils .657 0.850

Insufficient flow of water bodies .655 0.719

Inundation of coastal low-lying areas .627 0.671

Increased virulence of pathogens, new diseases, etc. .609 0.694

Rise in ocean levels .601 0.658

Water stress and drought conditions .599 0.581

The appearance of new weed species .589 0.642

Recession of rivers .557 0.636

Frequent crop pests and disease outbreaks .535 0.593

Ground-water shortage .498 0.490

Artisanal fishermen have to go farther out for catches .880 0.927

Social disruptions/new fisher Influx .879 0.927

Sea level changes, flooding, and surges .878 0.925

Disruption of fish feeding, breeding, and habitat loss .875 0.929

Increased dangers of fishing .875 0.925

Changes in the proportion of fisheries species .839 0.905

Crop failure -.663 0.882

Interruption of the farming calendar -.622 0.772

Increased frequency of strong winds and dust .675 0.561
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1 (Impact), Factor 2 (Occurrence), Factor 3 (Evidence), 
and Factor 4 (Threat), and accounted for 14.96%, 8.27%, 
6.41%, 3.50% of the variance, respectively. The cumula-
tive variance was 33.14%. These results are confirmed by 
a Bartlett’s Test of Sphericity value of X2 = 74881.9, p = 
0.00 and the Kaiser-Meyer-Olkin Measure of Sampling 
Adequacy of 0.875. The influence of the variables that 
belong to the extracted components explaining the farm-
ers’ adoption of climate-smart agriculture was measured 
by the weights of their factor loadings; the value of each 

element loading represents the strength of the impact of 
the observed variables on an extracted element. Ozor et 
al. (2010) reported that poor climate information services 
and lack of access to climate information services were 
being major barriers to climate change adaptation among 
farming households in Southern Nigeria. 

The prominent items under the impact factor are 
reduced livestock growth, decreased water availability 
and quality, reduced crop yields, less fertile soils, the ap-
pearance of new weed species, and frequent crop pests 

Table 5 – cont.

1 2 3 4 5 6
Pest and disease resistance to control .636 0.476

A prolonged dry season .546 0.505

Change in humidity (Heat) .538 0.440

Warmer Harmattan season .535 0.430

Increased flooding .443 0.371

A prolonged rainy season .415 0.228

Drier wetlands .388 0.312

Change in the degree of temperature .308 0.241

A reduced harmattan period .794 0.136

Change in the intensity of rainfall .732 0.145

Drying out of fish ponds .731 0.068

Change in the frequency of wind .723 0.044

Change in the intensity of Sunshine .718 0.004

Threaten farmers’ welfare .595 0.645

Reduces income and agriculture-based economies .402 0.571

Shifting in seasonal patterns .469 0.554

Affect food quality .421 0.608

Lead to poverty and hunger .454 0.587

Threatens food security and livelihood .435 0.383

Change in the frequency of rainfall .377 0.112

Percentage of total variance 14.96 8.27 6.41 3.50

Extraction method: Principal Component Analysis – 4 components were extracted.

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.875

Approx. Chi-Square 74881.990

df 1326

Sig .000
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and disease outbreaks. Autio et al. (2021) indicated that 
dissonance in the perception of awareness and utiliza-
tion of CSA technologies exists between state actors and 
farmers and thus constitutes a barrier to the adoption of 
CSA. For the occurrence factor, the items are social 
disruptions/ new fishermen influx, sea level changes, 
flooding, and surges, increased dangers of fishing, crop 
failure, and interruption of the farming calendar. Kosoe 
and Ahmed (2022) reported that current climate services 
are not comprehensive enough and do not cover sev-
eral arrays of adaptation needs of farmers, hence there is 
a need to provide climate information services beyond 
rainfall and temperature information and include plan-
ning, and harvesting dates, among other factors.

Increased frequency of strong winds and dust, pest 
and disease resistance to control, prolonged dry season, 
change in humidity (heat), and warmer Harmattan season 
are the major items under the Evidence factor. Obi and 
Maya (2021) noted that “climate change awareness crea-
tion by targeting remote rural areas as well as institutions 
ease farmers’ access to information contributes to higher 
adoption rates, and leads to enhanced food security”. Ac-
cording to Kassa and Abdi (2022), farmers have a high 
awareness of CSA practices and this helped them to 
adopt smart practices which led to increased farm income 
and farmland productivity. The threat factor is composed 
of items such as reduced Harmattan period, change in the 
intensity of rainfall, change in the frequency of wind-
storms, change in the intensity of sunshine, threatened 
farmers’ welfare, reduced income and agriculture-based 
economies, shifting in seasonal patterns, affect food 
quality and lead to poverty and hunger. “Climate change 
increases the inabilities of smallholder farmers to meet 
their present and future needs by threatening agriculture 
on which they solely depend for their livelihoods” (Der-
bile et al., 2021). Abegunde and Obi (2022) stated that 
climate and ecological settings, access to extension ser-
vices, mastery of the CSA approach, and wide farming 
system diversity in Africa are barriers to CSA adoption.

CONCLUSIONS

The findings from this paper have added to the literature 
through large-scale evidence of the effects of awareness 
and incidence of climate change by smallholder farmers 
in Sierra Leone. Farmers observed many similar climate 
changes incidences across the different farming sys-
tems and agroecological zones although with different 

consequences and impacts on their farming enterprises. 
The most common incidents include changes in tem-
perature, the intensity of rainfall, drought, interruption 
of the farming calendar, crop failure, and increased 
flooding – these were the most prominent factors re-
ported for climate change awareness and incidences; 
with high intensity of incidences for change in inten-
sity, frequency of rainfall, the intensity of sunshine, and 
prolonged dry season. The ability of farmers to become 
aware and report incidences were also influenced by 
the socio-economic characteristics and their informa-
tion seeking behaviour. The awareness and incidence 
of climate change was determined across agroecologi-
cal zones and the inherent farming systems so that ap-
propriate and location-specific activities can be tailored 
across the farming system and the agroecological zones. 
Farmers in the study area across agroecological zones 
namely: the coastal plain, savannah woodland, and tran-
sitional rainforest had greater awareness and incidence 
of climate change across the crop, livestock, and fishery 
farming systems, while crop farming systems predomi-
nate in the rainforest agroecology zone. Awareness and 
incidence of climate change among farmers were influ-
enced by the adoption of climate-smart practices; infor-
mation needs on climate-smart practices; constraints to 
the use of climate-smart practices and socio-economic 
characteristics that enhance exposure and accessibil-
ity to information access. Four Principal components, 
namely Impact, Occurrence, Evidence, and Threat, 
were extracted and largely explained the variance in the 
awareness and incidence of climate change among farm-
ers. The study concludes that farmers are aware of the 
incidence of climate change and are adopting different 
techniques in response to the different climate changes 
observed. There is a need to explore farmers’ awareness 
and incidence of climate change to effectively scale up 
interventions to mitigate the effects of climate change 
because incidence leads to awareness due to observa-
tion of occurrences. This study recommends the identi-
fication of specific climate change adaptations and the 
scaling of interventions for adaptation and mitigation. 
In the era of pluralistic extension systems, both globally 
and in Sierra Leone, it is further recommended that the 
pluralism of extension services should target observed 
incidences among farmers, before the provision of in-
formation services on adaptation and mitigation of cli-
mate change in order to prevent top-down services and 
information overload.

http://dx.doi.org/10.17306/J.JARD.2024.01809


197

Oladele, O., I., Augustine, A. (2024). Determinants of climate change awareness and the incidence across farming systems and 
agroecological zones in Sierra Leone. J. Agribus. Rural Dev., 2(72), 181–198. http://dx.doi.org/10.17306/J.JARD.2024.01809

www.jard.edu.pl

ACKNOWLEDGEMENTS

The authors acknowledge the cooperation of farmers 
across farming systems and agroecological zones of Si-
erra Leone during data collection.

REFERENCES

Abegunde, V.O., Obi, A. (2022). The role and perspective 
of climate smart agriculture in Africa: A scientific re-
view. Sustainability, 14, 2317. https://doi.org/10.3390/
su14042317

Ado, A.M., Leshan, J., Savadogo, P., Bo, L., Shah, A.A. 
(2019). Farmers’ awareness and perception of climate 
change impacts: A case study of Aguie district in Niger. 
Env. Dev. Sustain., 21, 2963–2977. Retrieved from: htt-
ps://link.springer.com/article/10.1007/s10668-018-0173-4

Agenda for Change (2009–2013). Second Poverty Reduction 
Strategy (PRSP II) 2008–2012. Retrieved from: https://
www.undp.org/sites/g/files/zskgke326/files/2022-05/
agenda_for_change.pdf

Government of Sierra Leone (2012). Agenda for Prosperity 
(2013–2018). The Agenda for Prosperity. Road to Middle 
Income Status. Sierra Leone’s Third Generation Poverty 
Reduction Strategy Paper (2013–2018). Freetown: Gov-
ernment of Sierra Leone.

Ajuang, C.O., Abuom, P.O., Bosire, E.K., Dida, G.O., Anyo-
na, D.N. (2016). Determinants of climate change aware-
ness level in upper Nyakach Division, Kisumu County, 
Kenya. Springer Plus 5, 1015 (2016). doi.org/10.1186/
s40064-016-2699-y

Akano, O.I., Oluwasemire, K.O., Modirwa, M.S., Aminu, 
O.O., Oderinde, F.O., Oladele, O.I. (2022a). Weather vari-
ability in derived savannah and rainforest agroecology in 
Nigeria: implications for crop yields and food security. 
Afr. Crop Sci. J., 29(4), 513–534. https://doi.org/10.4314/
acsj.v29i4.7

Akano, O., Modirwa, S., Oluwasemire, K., Oladele, O.I. 
(2022b). Awareness and perception of climate change by 
smallholder farmers in two agroecological zones of Oyo 
state Southwest Nigeria. GeoJournal, 88, 39–68. doi.
org/10.1007/s10708-022-10590-y

Asante, F., Guodaar, L., Arimiyaw, S. (2021) Climate change 
and variability awareness and livelihood adaptive strate-
gies among smallholder farmers in semi-arid northern 
Ghana. Environ. Dev., 39, 100629. doi.org/10.1016/j.en-
vdev.2021.100629

Asrat, P., Simane, B. (2018). Farmers’ perception of climate 
change and adaptation strategies in the Dabus watershed, 
North-West Ethiopia. Ecol. Process, 7, 7. doi.org/10.1186/
s13717-018-0118-8

Atube, F., Malinga, G.M., Nyeko, M. Okello, D.M., Alarakol, 
S.P., Okello-Uma, I. (2021). Determinants of smallhold-
er farmers’ adaptation strategies to the effects of climate 
change: Evidence from northern Uganda. Agric. Food Se-
cur., 10, 6. doi.org/10.1186/s40066-020-00279-1

Autio, A., Johansson, T. Motaroki, L., Minoia, P., Pellikka, P. 
(2021). Constraints for adopting climate-smart agricultur-
al practices among smallholder farmers in Southeast Ken-
ya Agric. Syst., 194, 103284. http://dx.doi.org/10.1016/j.
agsy.2021.103284

Ayanlade, A., Radeny, M., Morton, J.F. (2017). Compar-
ing smallholder farmers’ perception of climate change 
with meteorological data: A case study from southwest-
ern Nigeria, Weather Climat. Extrem., 15, 24–33. doi.
org/10.1016/j.wace.2016.12.001

COWI (2019). Communication on Progress UN Global Com-
pact. COWI Holding A/S Parallelvej 2 2800 Kongens Lyn-
gby Denmark. Retrieved from: https://cowi.b-cdn.net/-/
media/cowi/documents/about-docs/cop_report_2016.
pdf?la=en

Derbile, E.K., Chirawurah, D., Naab, F.X. (2021). Vulnerabil-
ity of smallholder agriculture to environmental change in 
North-Western Ghana and implications for development 
planning. Climat. Dev., 1–13. https://doi.org/10.1080/175
65529.2021.1881423

FAO (2020). Using the Food Insecurity Experience Scale 
(FIES) to monitor the impact of COVID-19. Rome. Re-
trieved from: https://doi.org/10.4060/ca9205en

FAO (2021). Strengthening the enabling environment for Re-
sponsible Investment in Agriculture and Food Systems – 
Evidence from Sierra Leone. Rome. Retrieved from: htt-
ps://www.fao.org/3/cb2228en/CB2228EN.pdf 

FAO, IFAD, UNICEF, WFP, WHO (2022). The State of 
Food Security and Nutrition in the World. Transforming 
food systems for food security, improved nutrition and 
affordable healthy diets for all. Rome, FAO. https://doi.
org/10.4060/cb4474en

GoSL (2017). 2017 National Nutrition Survey. Retrieved 
from: https://reliefweb.int/sites/reliefweb.int/files/re-
sources/Sierra%20Leone%20National%20Nutrition%20
Survey%202017_Final%20 Report%20-%20signed.pdf

Hundera, H., Mpandeli, S., Bantider, A. (2019). Smallholder 
farmers’ awareness and perceptions of climate change in 
Adama district, central rift valley of Ethiopia. Weather 
Clim. Extrem., 26, 100230. https://doi.org/10.1016/j.
wace.2019.100230

IFAD (2020). Roots in Koinadugu, Sierra Leone – Improv-
ing the lives of rural people affected by climate change. 
Retrieved from: https://www.ifad.org/en/web/ioe/w/roots-
in-koinadugu-sierra-leone-improving-the-lives-of-rural-
people-affected-by-climate-change

http://dx.doi.org/10.17306/J.JARD.2024.01809
https://doi.org/10.3390/su14042317
https://doi.org/10.3390/su14042317
https://link.springer.com/article/10.1007/s10668-018-0173-4
https://link.springer.com/article/10.1007/s10668-018-0173-4
https://www.undp.org/sites/g/files/zskgke326/files/2022-05/agenda_for_change.pdf
https://www.undp.org/sites/g/files/zskgke326/files/2022-05/agenda_for_change.pdf
https://www.undp.org/sites/g/files/zskgke326/files/2022-05/agenda_for_change.pdf
https://doi.org/10.1186/s40064-016-2699-y
https://doi.org/10.1186/s40064-016-2699-y
https://doi.org/10.4314/acsj.v29i4.7
https://doi.org/10.4314/acsj.v29i4.7
https://doi.org/10.1007/s10708-022-10590-y
https://doi.org/10.1007/s10708-022-10590-y
https://doi.org/10.1016/j.envdev.2021.100629
https://doi.org/10.1016/j.envdev.2021.100629
https://doi.org/10.1186/s13717-018-0118-8
https://doi.org/10.1186/s13717-018-0118-8
https://doi.org/10.1186/s40066-020-00279-1
http://dx.doi.org/10.1016/j.agsy.2021.103284
http://dx.doi.org/10.1016/j.agsy.2021.103284
https://doi.org/10.1016/j.wace.2016.12.001
https://doi.org/10.1016/j.wace.2016.12.001
https://cowi.b-cdn.net/-/media/cowi/documents/about-docs/cop_report_2016.pdf?la=en
https://cowi.b-cdn.net/-/media/cowi/documents/about-docs/cop_report_2016.pdf?la=en
https://cowi.b-cdn.net/-/media/cowi/documents/about-docs/cop_report_2016.pdf?la=en
https://doi.org/10.1080/17565529.2021.1881423
https://doi.org/10.1080/17565529.2021.1881423
https://doi.org/10.4060/ca9205en
https://www.fao.org/3/cb2228en/CB2228EN.pdf
https://www.fao.org/3/cb2228en/CB2228EN.pdf
FAO. https://doi.org/10.4060/cb4474en
FAO. https://doi.org/10.4060/cb4474en
https://reliefweb.int/sites/reliefweb.int/files/resources/Sierra%20Leone%20National%20Nutrition%20Survey%202017_Final%20 Report%20-%20signed.pdf
https://reliefweb.int/sites/reliefweb.int/files/resources/Sierra%20Leone%20National%20Nutrition%20Survey%202017_Final%20 Report%20-%20signed.pdf
https://reliefweb.int/sites/reliefweb.int/files/resources/Sierra%20Leone%20National%20Nutrition%20Survey%202017_Final%20 Report%20-%20signed.pdf
https://doi.org/10.1016/j.wace.2019.100230
https://doi.org/10.1016/j.wace.2019.100230
https://www.ifad.org/en/web/ioe/w/roots-in-koinadugu-sierra-leone-improving-the-lives-of-rural-people-affected-by-climate-change
https://www.ifad.org/en/web/ioe/w/roots-in-koinadugu-sierra-leone-improving-the-lives-of-rural-people-affected-by-climate-change
https://www.ifad.org/en/web/ioe/w/roots-in-koinadugu-sierra-leone-improving-the-lives-of-rural-people-affected-by-climate-change


Oladele, O., I., Augustine, A. (2024). Determinants of climate change awareness and the incidence across farming systems and 
agroecological zones in Sierra Leone. J. Agribus. Rural Dev., 2(72), 181–198. http://dx.doi.org/10.17306/J.JARD.2024.01809

198 www.jard.edu.pl

Ihenacho, R.A., Orusha, J.O., Onogu, B. (2019). Rural farm-
ers use of indigenous knowledge systems in agriculture 
for climate change adaptation and mitigation in South-
east Nigeria. Ann. Ecol. Env. Sci., 3(1), 1–11. Retrieved 
from: https://sryahwapublications.com/article/down-
load/2637-5338.0301001

IMF (International Monetary Fund) (2015). Improving Mon-
etary Policy Effectiveness in Sierra Leone, Sierra Leo-
ne – Selected Issues. Washington: International Monetary 
Fund.

Irish, Aid, (2016). Sierra Leone Climate Action Report for 
2015. Climate Policy | Irish Aid | September 2016. Re-
trieved from: https://www.irishaid.ie/media/irishaidpub-
lications/SLE-Country-Climate-Action-Reports-Sierra-
Leone-2015.pdf

Issa, F.O., Tologbonse, B.E., Olaleye, R., Tologbonse, O.M., 
Kagbu, J.H. (2015). Farmers’ perception of climate change 
and coping strategies across gender in two agro-ecological 
zones of Nigeria. J. Agric. Exten., 19(1), 35–48. https://
doi.org/10.4314/jae.v19i1.3

Kassa, B.A., Abdi, A. T., (2021) Factors Influencing the Adop-
tion of Climate-Smart Agricultural Practice by Small-
Scale Farming Households in Wondo Genet, Southern 
Ethiopia. SAGE Open July-September 2022: 1–13 DOI: 
http://dx.doi.org/10.1177/21582440221121604

Kosoe, E.A., Ahmed, A. (2022). Climate change adaptation 
strategies of cocoa farmers in the Wassa East District: Im-
plications for climate services in Ghana. Climat. Servic., 
26, 100289. https://doi.org/10.1016/j.cliser.2022.100289

Kerlinger, F.N. (1998). Foundations of Behavioral Research. 
New York: Holt, Rinehart and Winston.

Koutsoyiannis, A. (2003). Theory of econometrics: An in-
troductory exposition of econometric methods (2nd ed.). 
New York: Palgrave.

LDC (2022). Least Developed Country Category: Sierra Le-
one Profile. Retrieved from: https://www.un.org/develop-
ment/desa/dpad/least-developed-country-category-sierra-
leone.html

Mamun, A.A., Roy, S., Islam, A.R.M.T., Alam, G.M.M., 
Alam, E., Chandra Pal, S., Sattar, M.A., Mallick, J. (2021). 
Smallholder farmers’ perceived climate-related risk, im-
pact, and their choices of sustainable adaptation strate-
gies. Sustainability, 13, 11922. https://doi.org/10.3390/
su132111922

Myeni, L., Moeletsi, M.E. (2020). Factors Determining the 
Adoption of Strategies Used by Smallholder Farmers to 
Cope with Climate Variability in the Eastern Free State, 
South Africa. Agriculture, 10(9), 410. doi.org/10.3390/
agriculture10090410

National Agriculture Transformation Programme – 2023 
(2019). Ministry of Agriculture and Forestry 2019. 

Retrieved from: https://www.consulatesierraleonerome.
com/wp-content/uploads/2021/02/SL-Agric-transforma-
tion-Programme.pdf

NATP-GoSL (2019). Sierra Leone: Economic Development 
Documents-National Development Plan, 2019–23. Re-
trieved from: https://www.imf.org/en/Publications/CR/Is-
sues/2019/07/09/Sierra-Leone-Economic-Development-
Documents-National-Development-Plan-2019-23-47099

Nyang’au, J.O., Mohamed, J.H., Mango, N., Makate, C., 
Wangeci, A.N. (2021). Smallholder farmers’ perception 
of climate change and adoption of climate-smart agricul-
ture practices in Masaba South Sub-county, Kisii, Kenya. 
Heliyon, 21, 7(4), e06789. https://doi.org/10.1016/j.heli-
yon.2021.e06789

Obi, A.; Maya, O. (2021) Innovative Climate-Smart Agri-
culture (CSA) Practices in the Smallholder Farming Sys-
tem of South Africa. Sustainability 13, 6848. https://doi.
org/10.3390/su13126848

Otitoju, M.A., Enete, A.A. (2016). Climate change adaptation: 
Uncovering constraints to the use of adaptation strategies 
among food crop farmers in South-west, Nigeria using 
principal component analysis (PCA). Cogent Food Agric., 
2, 1. 10.1080/23311932.2016.1178692

Ozor, N., Madukwe, M.C., Enete, A., Amaechina, E.C., On-
okala, P. (2010). Barriers to climate change adaptation 
among farming households of Southern Nigeria. J. Ag-
ric. Exten., 14(1), 131–136. https://doi.org/10.4314/jae.
v14i1.64079

REACH (2018). Multi-sectoral Nutrition Overview. Retrieved 
from: https://www.unnetworkforsun.org/sites/default/files/ 
201902/MNO_Sierra_Leone_final_%2011Jul2018.pdf

Rhodes, E.R., Kargbo, E.Y. (2018). Climate Smart Agricul-
ture in Sierra Leone. FAO-Sierra Leone Report.

SLNBCC (Sierra Leone Netherlands Business and Culture 
Council). (2017). Sector Scan The Agricultural Sector in 
Sierra Leone.  Retrieved from: https://www.rvo.nl/sites/
default/files/2018/07/sector-scan-the-agricultural-sector-
in-sierra-leone.pdf

Tabachnick, B.G., Fidell, L.S. (2007). Using Multivariate Sta-
tistics (5th ed.). New York: Allyn and Bacon.

Vani, C.S. (2016). A study on awareness levels and adapta-
tion strategies for climate variability among farmers. Int. 
J. Environ. Agric. Biotechnol., 1(2), 238518. http://dx.doi.
org/10.22161/ijeab/1.2.13

USAID (2017). Agriculture and Food Security. Retrieved 
from: https://2017-2020.usaid.gov/sierra-leone/agricul-
ture-and-food-security

World Risk Report (2017). World Risk Report Analysis and 
Prospects 2017. Retrieved from: https://weltrisikobericht.
de/wp-content/uploads/2017/11/WRR_2017_E2.pdf

http://dx.doi.org/10.17306/J.JARD.2024.01809
https://sryahwapublications.com/article/download/2637-5338.0301001
https://sryahwapublications.com/article/download/2637-5338.0301001
https://www.irishaid.ie/media/irishaidpublications/SLE-Country-Climate-Action-Reports-Sierra-Leone-2015.pdf
https://www.irishaid.ie/media/irishaidpublications/SLE-Country-Climate-Action-Reports-Sierra-Leone-2015.pdf
https://www.irishaid.ie/media/irishaidpublications/SLE-Country-Climate-Action-Reports-Sierra-Leone-2015.pdf
https://doi.org/10.4314/jae.v19i1.3
https://doi.org/10.4314/jae.v19i1.3
http://dx.doi.org/10.1177/21582440221121604
https://doi.org/10.1016/j.cliser.2022.100289
https://www.un.org/development/desa/dpad/least-developed-country-category-sierra-leone.html
https://www.un.org/development/desa/dpad/least-developed-country-category-sierra-leone.html
https://www.un.org/development/desa/dpad/least-developed-country-category-sierra-leone.html
https://doi.org/10.3390/su132111922
https://doi.org/10.3390/su132111922
https://doi.org/10.3390/agriculture10090410
https://doi.org/10.3390/agriculture10090410
https://www.consulatesierraleonerome.com/wp-content/uploads/2021/02/SL-Agric-transformation-Programme.pdf
https://www.consulatesierraleonerome.com/wp-content/uploads/2021/02/SL-Agric-transformation-Programme.pdf
https://www.consulatesierraleonerome.com/wp-content/uploads/2021/02/SL-Agric-transformation-Programme.pdf
https://www.imf.org/en/Publications/CR/Issues/2019/07/09/Sierra-Leone-Economic-Development-Documents-National-Development-Plan-2019-23-47099
https://www.imf.org/en/Publications/CR/Issues/2019/07/09/Sierra-Leone-Economic-Development-Documents-National-Development-Plan-2019-23-47099
https://www.imf.org/en/Publications/CR/Issues/2019/07/09/Sierra-Leone-Economic-Development-Documents-National-Development-Plan-2019-23-47099
https://doi.org/10.1016/j.heliyon.2021.e06789
https://doi.org/10.1016/j.heliyon.2021.e06789
https://doi.org/10.3390/su13126848
https://doi.org/10.3390/su13126848
https://doi.org/10.1080/23311932.2016.1178692
https://doi.org/10.4314/jae.v14i1.64079
https://doi.org/10.4314/jae.v14i1.64079
https://www.unnetworkforsun.org/sites/default/files/201902/MNO_Sierra_Leone_final_%2011Jul2018.pdf
https://www.unnetworkforsun.org/sites/default/files/201902/MNO_Sierra_Leone_final_%2011Jul2018.pdf
http://dx.doi.org/10.22161/ijeab/1.2.13
http://dx.doi.org/10.22161/ijeab/1.2.13
https://2017-2020.usaid.gov/sierra-leone/agriculture-and-food-security
https://2017-2020.usaid.gov/sierra-leone/agriculture-and-food-security
https://weltrisikobericht.de/wp-content/uploads/2017/11/WRR_2017_E2.pdf
https://weltrisikobericht.de/wp-content/uploads/2017/11/WRR_2017_E2.pdf

