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Abstract- From 1981 to 2018, the study examines the
occurrence, impact, and adaptation strategies
associated with extreme climate events in Liberia, a
nation located in the tropical monsoon zone of Sub-
Saharan Africa. Using meteorological data, satellite
observations, and socioeconomic records, the study
examines patterns of rainfall variability, temperature
extremes, flooding, coastal erosion, and other
climate-induced phenomena. It has emerged from
the analysis that these events have had significant
impacts on the economy, society, and environment,
including disruptions in agriculture, damage to
infrastructure, and displacement of vulnerable
communities as a result of these events—Liberia's
response to various challenges through traditional
practices, government policies, and international
partnerships. The findings indicate that while some
progress has been made in building resilience, there
are still gaps in data management, disaster
preparedness, and policy implementation. This
research highlights the need for improved climate
modeling, investment in sustainable development,
and regional cooperation to mitigate the adverse
effects of climate change. The findings contribute to
a broader understanding of how extreme climate
events affect vulnerable regions in Sub-Saharan
Africa and offer actionable insights for stakeholders
involved in disaster management and sustainable
development.

Indexed Terms- Climate variability, Extreme
weather  events, Droughts, Floods, Rural
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Development, Resilience, Rain-fed agriculture, and
agriculture technology transfer

l. INTRODUCTION
1.1 BACKGROUND

Liberia, a tiny coastal country in West Africa, has a
tropical monsoon climate with abundant rainfall and
high humidity. The climate regime has been both a
blessing and a curse, especially in a country whose
economy and livelihoods rely heavily on rain-fed
agriculture. From 1981 to 2018, Liberia experienced
numerous climate extremes, such as floods, droughts,
and rising temperatures, which severely disrupted
agricultural productivity, increased food insecurity,
and highlighted the critical need for effective climate
adaptation strategies (UNDP, 2020).

The agricultural sector employs over 60% of Liberia’s
population and is particularly vulnerable to these
climate shocks. Staple crops like rice and cassava are
highly sensitive to changes in rainfall and prolonged
dry spells (World Bank, 2013). Droughts during
critical planting and growing seasons often result in
crop failures, leading to food shortages and rising
prices. Conversely, intense and erratic rainfall has
caused widespread flooding, damaging farmland,
eroding soil, and depleting essential nutrients required
for crop growth (USAID, 2018). The consequences are
felt most acutely by rural communities that rely on
subsistence farming and have limited access to
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financial or technological resources to recover from
such losses.

Flooding has become Liberia’s most frequent and
devastating climate-related phenomena Coastal Cities
like Monrovia, Buchanan, and Greenville are
particularly vulnerable due to their proximity to the
Atlantic Ocean and their low-lying geography. For
instance, Monrovia has experienced repeated flooding,
often exacerbated by poorly maintained drainage
systems and the encroachment of informal settlements
into flood-prone areas (UN-Habitat, 2014).These
events not only displace thousands of people annually
but also disrupt economic activities, damage
infrastructure, and increase the prevalence of
waterborne diseases such as cholera and typhoid fever.

Droughts, while less frequent, have had profound
effects on Liberia’s agricultural output and water
availability. Prolonged dry spells, particularly during
the main growing season, have reduced crop yields
and increased reliance on food (FAO, 2017).
Additionally, deforestation for farming and logging
has reduced the land’s capacity to retain water,
exacerbating the impacts of drought and contributing
to land degradation. Rural communities that depend on
natural water sources for drinking, irrigation, and
livestock are particularly at risk during these periods,
with women and children often bearing the burden of
securing water supplies.

Alongside floods and droughts, rising temperatures
have presented another significant challenge for
Liberia.Over the study period, average temperature
increased steadily, intensifying heat stress on crops,
livestock, and human populations. Higher
temperatures have accelerated the evaporation of
water from soils and reservoirs, further straining
agricultural and domestic water use (IPCC, 2014).
Additionally, rising temperatures have contributed to
shifts in the distribution of vector-borne diseases such
as malaria, which is now being reported in areas
previously considered unsuitable for transmission due
to cooler temperatures (WHO, 2015).

Liberia’s vulnerability to these climate extremes is

further exacerbated by its limited institutional capacity
and financial resources. For instance, the country’s
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meteorological infrastructure remains
underdeveloped, hindering its ability to monitor
climate data and forecasting limits the effectiveness of
disaster preparedness and response systems, leaving
communities unprepared and increasingly reliant on
external aid (Liberia EPA, 2018).

Despite these challenges, some progress has been
made in addressing climate change. Liberia has
engaged with international frameworks such as the
Paris Agreement and implemented national strategies
to promote sustainable land use and improve disaster
resilience. Key initiatives include reforestation
programs, community-based adaption projects, and
capacity-building efforts supported by international
donors and organizations (UNFCCC, 2019). However,
these efforts remain insufficient given the scale and
urgency of the climate challenges facing the country.
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Figure 1: Area of Research and Africa map

1.2 PROBLEM STATEMENT OF THE STUDY
Liberia’s agricultural sector, which is vital for food
security and economic stability, remains highly
vulnerable to the impacts of climate variability and
extreme weather events. Liberia’s agricultural sector,
which is vital for food security and economic stability,
remains highly vulnerable to the impacts of climate
variability and extreme weather events. Despite efforts
by government agencies and international
organizations to transfer agricultural technologies
aimed at improving resilience, the adoption of these
innovations has remained disappointingly low. Many
farmers continue to rely on traditional farming
methods that are ill-equipped to withstand prolonged
droughts, erratic rainfall patterns, and the increasing
frequency of floods.
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Barriers such as limited access to resources,
inadequate extension services, and a lack of awareness
about climate-resilient practices have hindered the
widespread adoption of improved technologies.
Furthermore, socioeconomic factors, including
poverty, illiteracy, and cultural resistance, exacerbate
the challenges of implementing effective adaptation
strategies. Without addressing these barriers, the
agricultural sector will remain ill-prepared to cope
with the growing risks posed by climate variability.
This paper examines the dynamics of climate impacts
in Liberia, investigates the effectiveness of
interventions, and identifies practical solutions to
enhance the adaptive capacity of farmers.

1.3 OBJECTIVES OF THE STUDY

1. Examine the historical trends of extreme climate
events in Liberia: Analyze meteorological data to
identify patterns and changes in the frequency and
intensity of climate extremes, including droughts,
floods, and temperature variability, between 1981
and 2018.

2. Analyze their impacts on agriculture and rural
livelihoods: Assess the socio-economic and
environmental consequences of these climate
events, focusing on their effects on crop yields,
food security, and the well-being of rural
communities.

3. Assess the role of agricultural technology transfer
and identify barriers to adoption: Evaluate existing
strategies  for  promoting  climate-resilient
agricultural technologies, identify challenges that
hinder their adoption by farmers, and propose
actionable recommendations for improving their
accessibility and effectiveness.

1.4 LIMITATIONS OF THE STUDY

1.4.1 DATA AVAILABILITY AND ACCURACY
Challenge: Reliable and consistent climate and
agricultural data for Liberia are scarce, particularly for

rural and less monitored regions.

Impact: Gaps in historical data may affect the accuracy
of trend analysis and modeling.
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Mitigation: Where possible, data from global datasets
(e.g., World Bank or FAOSAT) were used, but they
might not capture localized nuances.

1.4.2 TEMPORAL COVERAGE

Challenge: The study focuses on data from 1981-2028,
which may not fully reflect more recent climate
dynamics or technological advancements in
agriculture.

Impact: Ongoing changes in climate or policies post-
2018 are not captured.

Mitigation: Findings are contextualized to highlight
the need for continual monitoring.

Il. LITERATURE REVIEW

2.1 Climate Variability in Sub-Saharan Africa
Sub-Saharan Africa is one of the most climate-
sensitive regions in the world, characterized by a high
dependence on natural resources and limited adaptive
capacity. Over recent decades, the region has
experienced significant climate variability, which
increased the frequency of extreme weather events
such as droughts, floods, and heat waves (IPCC,
2014). These events have been attributed to a
combination of natural variability and anthropogenic
climate change, leading to disruptions in rainfall
patterns and rising temperatures.

Rainfall variability is particularly pronounced in Sub-
Saharan Africa, where the timing, intensity, and
distribution of precipitation have become increasingly
erratic. This variability poses a direct threat to rain-fed
agriculture, which constitutes the primary livelihood
source for millions of people. Studies have shown that
changing rainfall patterns can result in delayed
planting, reduced growing seasons, and lower crop
yields (FAO, 2018). Additionally, rising temperatures
have been linked to increased evaporation rates and
soil moisture deficits, further exacerbating agricultural
challenges in the region (World Bank, 2019). Extreme
weather events not only affect agricultural
productivity but also have cascading impacts on food
security, water resources, and rural livelihoods. For
instance, the 2011 East African drought caused
widespread crops failures and livestock losses,
displacing millions and triggering severe food

ICONIC RESEARCH AND ENGINEERING JOURNALS 320



© APR 2025 | IRE Journals | Volume 8 Issue 10 | ISSN: 2456-8880

shortages (UNEP, 2013). Similar events have
highlighted the urgency of enhancing climate
resilience through improved agricultural practices and
policy interventions. Addressing these challenges
requires a multidisciplinary approach that incorporates
climate science, sustainable resource management,
and social innovation to mitigate the risks associated
with climate variability.

2.2 Impacts of Agriculture in Liberia

Liberia’s agriculture sector plays a critical role in the
nation’s economy, contributing approximately 38% of
GDP and employing 70% of the population,
predominantly in rural areas (World Bank, 2019).
However, the sector’s reliance on rain-fed farming
systems makes it highly vulnerable to climate
extremes. Historical records reveal that events such as
the severe drought of 1994 and the catastrophic floods
of 2010 had devastating impacts on key crops,
including rice and cassava.

The 1994 drought led to widespread crop failures,
leaving many rural communities dependent on food
aid for survival. In contrast, the 2010 floods resulted
in the loss of farmland, the destruction of crops, and
the displacement of thousands of people, significantly
disrupting local economies and food systems (Liberia
EPA, 2018). These events illustrate the compounded
risks posed by climate extremes, which not only
reduce agricultural output but also exacerbate poverty
and food insecurity in already vulnerable regions.

2.3 Agricultural Technology Transfer

In response to these challenges, agricultural
technology transfer has emerged as a critical strategy
for enhancing resilience in Sub-Saharan Africa.
Initiatives such as the introduction of drought-resistant
crop Vvarieties, soil conservation techniques, and
climate-smart practices have shown promise in
improving productivity and mitigating the impacts of
climate variability (USAID, 2017).

However, the adoption of such technologies in Liberia
remains limited. Key barriers include low literacy
levels among farmers, inadequate infrastructure such
as roads and storage facilities, and financial
constraints that restrict access to inputs and equipment
(FAO, 2018). Additionally, cultural factors and a lack
of effective extension services further hinder the
dissemination of new technologies. Addressing these
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barriers requires targeted interventions, including
capacity-building programs, policy support, and
investments in rural infrastructure to ensure that
climate-resilient practices reach the most vulnerable
communities.

2.4 Theoretical Framework

This study adopts the Sustainable Livelihoods
Framework (SLF) as its theoretical basis. The SLF
provides a holistic approach to understanding how
climate extremes impact agricultural livelihoods and
how adaptive strategies, including technology transfer,
can build resilience. The framework emphasizes the
importance of five core assets- human, natural,
financial, social, and physical capital shaping
livelihoods and their vulnerability to external shocks
(Chambers & Conway, 1992).

By analyzing how these assets interact within
Liberia’s agricultural context, the SLF enables a
comprehensive assessment of the challenges and
opportunities associated with climate adaptation. It
also highlights the critical role of policy and
institutional support in facilitating technology
adoption and promoting sustainable development in
the face of growing climate risks.

1. METHODOLOGY OF THE STUDY

3.1 DATA COLLECTION

Climate Date: Annual rainfall and temperature data
from the Liberia Meteorological Service (1981-2018)
and NASA data access viewer.

Agricultural Data: Crop vyield statistics from the
Ministry of Agriculture and FAOQ reports.

Socioeconomic Data: Rural income and migration
patterns from World Bank surveys.

3.2 DATA ANALYSIS
Trend Analysis: Evaluate rainfall and temperature

variability using statistical methods.

Impact Assessment: Correlate extreme events with
crop yield reductions.

GIS Mapping: Identify hotspots of vulnerability
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3.3TOOLS

Statistical analysis using Excel, R, and Python
ArcGIS and Google Earth Engine for spatial
visualization.

IV.  RESULTS AND DISCUSSION

4.1 The Analysis of Agricultural Yield Trends for Rice
and Cassava (1981-2018)

Agriculture plays a crucial role in food security and
economic stability, making it essential to analyze crop
yield trends over time. The diagram shows the yield of
rice and cassava from 1981 to 2018, measured in tons
per hectare (t/ha). This analysis will explore the trends,
fluctuations, comparisons, and possible external
factors influencing the yield variations of these two
key crops.

4.1.1 Trend Analysis of Rice Yield (1981-2018)

Rice is one of the most important staple crops
worldwide, and its yield trends provide insight into
agricultural productivity. Based on the graph, rice
yield shows both growth and fluctuations over time.

4.1.1.1 Early Years (1981-1990):

The yield of rice appears to be relatively low at the
beginning of the time series. The growth in yield
during this period is gradual, suggesting farming
techniques, inputs, or environmental factors may not
have significantly improved during this time.

4.1.1.2 Mid-Years (1991-2005):

During these years, the yield of rice shows periodic
increases and slight declines, indicating some level of
instability. Possible reasons could include climate
conditions, pest infestations, or changes in farming
technology. Additionally, government policies on
agriculture might have influenced productivity, either
positively through incentives or negatively through
neglect of the sector.

4.1.1.3 Recent Years (2006 — 2018):

The trend in the later years likely shows more stability
or a gradual increase, reflecting improvements in
agricultural practices, such as the use of fertilizers,
better irrigation systems, and high-yield rice varieties.
However, any fluctuations in the yield suggest that
external challenges, such as climate change or market
disruptions, may have affected rice farming.
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4.1.2 Trend Analysis of Cassava Yield (1981-2018)
Cassava is a resilient crop that thrives even in poor soil
and under variable climate conditions. Its yield trends
provide an interesting comparison with rice.

4.1.2.1 Early Years (1981-1990):
Similar to rice, cassava yield starts at a relatively
moderate level. However, cassava tends to have a
more stable yield than rice, as it is less affected by
droughts and poor soil conditions.

4.1.2.2 Mid-Years (1991-2005):

The yield of cassava likely shows an upward trend,
possibly outpacing the growth rate of rice. This could
be due to higher adoption of cassava farming,
expansion of farming, and the use of improved cassava
varieties.

4.1.2.3 Recent Years (2006-2018):

In the later years, cassava yield may either stabilize or
show periodic fluctuations. Unlike rice, cassava
farming is often less labor-intensive, which may
contribute to its more consistent yield trends.
However, diseases such as cassava mosaic disease
(CMD) or changes in market demand could influence
productivity.

4.1.3 Comparative Analysis of Rice and Cassava Yield

4.1.3.1 Yield Growth:

Cassava yield tends to be higher and more stable than
rice yield. This is expected because cassava requires
fewer inputs, is drought-resistant, and can grow in less
fertile soils, making it a more reliable crop for farmers.

4.1.3.2 Fluctuations:

Rice yield appears to have more fluctuations compared
to cassava. This could be due to factors such as water
dependency, pest infestations, and changing
agricultural policies. Unlike cassava, rice farming
requires a controlled water supply (such as irrigation),
and adverse weather conditions may lead to sharp
yield declines.

4.1.3.3 Climate Resilience:

Cassava is generally more resilient to extreme weather
conditions, while rice is more sensitive to droughts,
floods, and temperature variations. This could explain
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why cassava yield remains relatively stable while rice
yield shows more fluctuations.

4.1.4 External Factors Influencing Yield Trends
Several factors could have influenced the yield trends
of both crops over the years.

4.1.4.1 Climate Variability

Droughts, floods, and changes in rainfall patterns
could impact rice more than cassava.

Cassava is more tolerant of dry conditions, allowing
for more consistent production.

4.1.4.2 Agricultural Policies and Investments
Government support for rice farming (e.g., subsidies
and improved seed varieties) could explain any
increase in yield over time.

If cassava received less investment, its yield trends
might reflect natural farming methods rather than
major technological advancements.

4.1.4.3 Technological Advances

The introduction of high-yield rice varieties and better
pest control methods may have helped boost rice
production in later years. Cassava farming may have
benefited from disease-resistant varieties, leading to
stable yield trends.

4.1.4.4 Market Demand and Prices

A rise in demand for rice could encourage more
production, potentially leading to increased yields.
Cassava might be grown more for local consumption,
leading to consistent but not necessarily increasing
yields.

AGRICULTURAL YIELD TRENDS(1981-2018)
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Figure 2: Agricultural Yield Trends Graph in Liberia
(1981-2018)
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4.2 The Correlation Matrix Analysis from 1981 to
2018

The correlation matrix provides insights into the
interrelationships between climatic variables and crop
yields. Here’s a closer look:

4.2.1 Rainfall and Temperature Relationship:

The weak positive correlation (0.11) between rainfall
and temperature suggests that these variables are
largely independent of each other. This lack of a strong
relationship might reflect Liberia’s tropical climate,
where annual temperature changes are relatively stable
despite fluctuating rainfall.

4.2.2 Rainfall and Crop Yields:

Rice (0.14): The weak correlation between rainfall and
Rice yield suggests that while rainfall is necessary, its
variability alone does not strongly dictate vyield
outcomes. Irrigation, soil fertility, pest control, and
management practices likely play more significant
roles.

Cassava (0.10): Similarly, the low correlation between
rainfall and Cassava yield reinforces the crop’s
drought resilience.

4.2.3 Temperature and Crop Yields:

Rice (0.03): The almost negligible correlation between
temperature and Rice yield highlights its vulnerability
to other factors beyond temperature changes. It
suggests that Rice might not respond strongly to
warming trends, emphasizing the importance of
management interventions.

Cassava (0.45): The stronger correlation here points to
the potential benefits of moderately warmer conditions
for Cassava, possibly improving carbohydrate storage
and overall productivity.

4.2.4 Crop Yield Interrelationship:

The low correlation (0.02) between Rice and Cassava
yields suggests that these crops respond differently to
external factors. This independence makes Cassava an
excellent complementary crop to Rice in terms of food
security.
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Heatmap of Correlation Matrix in Liberia(1981-2018)
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Figure 3: Heatmap of Correlation Matrix Graph in
Liberia (1981-2018)

4.3 The Analysis of Rainfall and Temperature Trends
(1981-2018)

The provided graph displays annual trends in rainfall
and temperature from 1981 to 2018. It includes two
key climate variables: rainfall (measured in mm) and
temperature (in°C). Understanding these variables is
essential for analyzing climate variability, climate
change, and environmental patterns. This analysis
aims to examine these variables in detail, focusing on
their trends, patterns, potential corrections, and
possible implications for the environment and society.

4.3.1 Rainfall Trend Analysis

Rainfall is a key component of the hydrological cycle,
influencing agriculture, water resources, and
ecosystems. From the dataset, | observe the following:

4.3.1.1 Rainfall Variability:
Annual rainfall fluctuates between approximately
2000mm and 3000mm.

There is no strict linear increase or decrease in rainfall
over the years, meaning that while fluctuations exist,
they do not show a clear long-term increase or
decrease.
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Some years exhibit significant peaks, while others
show notable declines, suggesting that interannual
rainfall variability is quite pronounced.

4.3.1.2 Periods of High and Low Rainfall

Certain periods exhibit higher-than-average rainfall,
possibly linked to climatic patterns such as El Nifio
and La Nifia, which influence precipitation levels
across the globe.

Some years may have experienced lower-than-average
rainfall due to drought conditions or changing
atmospheric circulation patterns.

Investigating seasonal distributions of rainfall (e.g.,
wet and dry seasons) would provide further insight
into how rainfall is distributed within each year.

4.3.1.3 Trend Analysis

A preliminary visual assessment suggests no
significant upward or downward trend in rainfall over
the 37 years.

However, statistical methods such as a linear
regression model or Mann-Kendall trend test could
confirm whether there is any statistically significant
long-term pattern.

If rainfall variability has increased over time, it could
indicate greater unpredictability in precipitation
patterns, which has implications for agriculture and
water management.

4.3.2 Temperature Trend Analysis

Temperature is a critical climate parameter,
influencing weather patterns, evaporation rates, and
overall climate stability. The dataset reveals important
trends:

4.3.2.1 Gradual Increase in Temperature
The temperature data shows an increase from
approximately 24.6°C to 25.6°C over the 37 years.

Unlike rainfall, temperature exhibits a clear upward
trend, indicating a gradual warming over the decades.

This warming trend aligns with global climate change
patterns, where rising greenhouse gas emissions
contribute to increasing temperatures.
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4.3.2.2 Rate of Temperature Increase

A rough estimate suggests an increase of about 1°C
over 37 years, averaging around 0.026°C per year.
Although this might seem small, even a slight rise in
average temperature can have significant effects on
ecosystems, weather patterns, and human health.

4.3.2.3 Implications of Rising Temperature

Increased evaporation: Warmer temperatures lead to
higher evaporation rates, potentially reducing soil
moisture and increasing drought risk.

Changes in weather patterns: A warming climate can
alter atmospheric circulation, leading to shifts in
rainfall patterns, increased frequency of extreme
weather events, and prolonged dry spells.

Agricultural impact: Crop yields could be affected by
changing temperature conditions, potentially leading
to reduced food production and economic challenges.

Yearly Rainfall and Temperature Trends (1981-2018)
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Figure 4: Rainfall and Temperature Trends Graph in
Liberia (1981-2018)

4.4 The Analysis of the Liberia Rainfall Map (1981-
2018)

The Liberia Rainfall Map (1981-2018) offers a
detailed visualization of the country’s rainfall
distribution over 37 years. This dataset is essential for
understanding Liberia’s climate patterns, hydrological
processes, and environmental changes, as well as their
impacts on agriculture, infrastructure, and natural
resource management. The map illustrates the spatial
variations in rainfall across Liberia, highlighting areas
with high precipitation along the coast and regions
further inland that receive lower rainfall totals.

The map uses a colour-coded scale to categorize
rainfall intensity into various levels, with values
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ranging from 2.29 to 31.93 (likely measured in
millimetres per day or meters per year). These values
represent different regions of the country, helping to
identify areas with heavy rainfall compared to drier
zones. The legend enables us to interpret which
regions receive the most and least rainfall, which
serves as a basis for analyzing seasonal trends,
geographic influences, and long-term climate
variability.

4.4.1 Understanding the Legend and Rainfall
Classification

The legend of the map defines the intensity of rainfall
across Liberia:

High Rainfall Areas (25.0 to 31.39) — Represented by
darker shades, these areas experience the most
precipitation.

Moderate Rainfall Areas (15.0 to 24.9) — Mid-range
rainfall regions, supporting both dense vegetation and
agricultural activities.

Low Rainfall Areas (2.29 to 14.9) — Represented by
lighter shades, these areas receive significantly less
precipitation.

The gradual transition in colours from dark to light
signifies a rainfall gradient, indicating that coastal
areas receive more rain while inland regions
experience relatively drier conditions.  This
classification highlights Liberia’s geographical
characteristics, its proximity to moisture sources, and
the topographic influences on precipitation.

4.4.2 Rainfall Distribution by Region

High Rainfall Regions (25.0 to 31.39 on the Legend)-
Coastal Areas Liberia’s coastal belt receives the
highest annual rainfall due to persistent moisture
influx from the Atlantic Ocean. Major cities in this
zone include:

Monrovia (Montserrado County)

Buchanan (Grand Bassa County)

Greenville (Sinoe County)

These regions are exposed to maritime air masses that
sustain heavy rainfall throughout the year.

The Intertropical Convergence Zone (ITCZ), which
moves seasonally across West Africa, plays a
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significant role in maintaining these high precipitation
levels.

4.4.3 Implications and Challenges

Abundant Water Supply: These regions have a
plentiful availability of freshwater, which benefits
agriculture, hydroelectric power generation, and urban
water supply systems.

Frequent Flooding: Intense rainfall often leads to
urban flooding in cities like Monrovia, especially in
neighborhoods with inadequate drainage.

Coastal Erosion: High levels of rainfall contribute to
land degradation and coastal erosion, which pose
significant risks to coastal communities and
infrastructure.

4.4.3.1 Moderate Rainfall Regions (15.0 to 24.9 on the
Legend) — Central and Inland Areas

This zone represents a transition between coastal
rainfall maxima and inland rainfall reduction. It
includes:

Gbarnga (Bong County)

Zwedru (Grand Gedeh County)

Ganta (Nimba County)

These regions receive moderate rainfall, which
supports dense tropical forests and agriculture.
However, rainfall in these areas is more seasonal, with
distinct wet and dry periods.

4.4.4 Implications and Challenges:

Agricultural Viability — This zone supports the
cultivation of staple crops such as rice, cassava,
plantains, and cocoa, which rely on seasonal rainfall.
Seasonal Water Scarcity — Water availability
fluctuates, requiring rainfall water harvesting and
groundwater extraction during dry periods.

Moderate Erosion Risks — While not as severe as in
coastal areas, deforestation and poor land-use
practices can lead to soil degradation.

4.4.4.1 Low Rainfall Regions (2.29 to 14.9 on the
Legend) — Northern and Northeastern Liberia

The lowest rainfall totals occur in northern and
northeastern Liberia, particularly in

Voinjama (Lofa County)

Sanniquellie (Nimba County)

Kolahun(Lofa County)
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These areas are farther from the Atlantic Ocean and
receive less moisture, influenced by continental air
masses and elevation changes.

4.4.5 Implications and Challenges:

Drought Vulnerability — Prolonged dry periods can
affect agricultural productivity and water resource
availability.

Less Reliable River Flow — Major rivers in these areas
experience  seasonal  fluctuations,  impacting
hydroelectric potential and irrigation systems.

Need for Water Management — Investments in
reservoirs, irrigation, and groundwater extraction are
necessary to support communities.

4.4.5.1 Seasonal and Long-Term Rainfall Trends
Liberia experiences bimodal rainfall patterns with two
distinct rainy seasons:

Minor Rainy Season (March — April) — Marked by
short but intense rainfall.

Major Rainy Season (May — October) — The most
significant rainfall period, peaking in June and
September.

4.4.5.2 Climatic Influences on Rainfall

Intertropical Convergence Zone (ITCZ) — Controls
seasonal rainfall variation.

El Nifio and La Nifia — These global climate patterns
affect rainfall intensity and drought occurrence.
Deforestation and Urbanization — Land use changes
influence local climate patterns and water cycles.

4.4.5.3 Climatic Influences on Rainfall

Intertropical Convergence Zone (ITCZ) — Controls
seasonal rainfall variation.

El Nifio and La Nifio — These global climate patterns
affect rainfall intensity and drought occurrence.
Deforestation and Urbanization — Land use changes
influence local climate patterns and water cycles.
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Figure 5: Liberia Rainfall Map from 1981-2018)

4.5 Interpretation of the Liberia Temperature Map
(1981 -2018)

The Liberia Temperature Map (1981 — 2018) presents
a spatial representation of temperature variations
across Liberia over 37 years. The legends provide key
information for interpreting these temperature trends.
Below is a structured interpretation based on the
legend and geographic distribution.

4.5.1 Temperature Range Interpretation

The legend indicates that Liberia’s temperature
between 1981 and 2018 ranged from:

Low: 23.38°C

High: 25.81°C

This shows that the overall temperature variation
across Liberia is relatively small (about 2.43°C
difference), indicating a consistently warm tropical
climate.

4.5.2 Regional Temperature Patterns

Based on the temperature legend, different areas of
Liberia experienced varied temperatures over the
years:
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4.5.2.1 Coastal Regions (Lower Temperature Range:
23.38°C-24.5°C)

Counties Affected: Montserrado, Grand Bassa, Sinoe,
Maryland

Major Cities: Monrovia, Buchanan, Greenville,
Harper

Interpretation: Coastal areas are generally cooler due
to the maritime influence of the Atlantic Ocean. The
presence of sea breezes and humidity helps to
moderate extreme heat.

4.5.2.2 Central and Southeastern Regions (Mid-Range
Temperature: 24.5°C)

Counties Affected: Bong, Grand Gedeh, Nimba, and
River Gee

Major Cities: Gharnga, Zwedru, Sanniquellie, Fish
Town

Interpretation:  These areas have  moderate
temperatures with slight variations influenced by
altitude and distance from the coast. The presence of
forests and highland areas in Nimba and Bong may
contribute to localized cooling.

45.2.3 Northern and Inland Regions (Higher
Temperature Range 25.2°C — 25.81°C)

Countries Affected: Lofa, Gbarpolu, Grand Cape
Mount, and parts of Nimba.

Major Cities: Voinjama, Bopolu, Robertsport
Interpretation: Inland and northern regions generally
record higher temperatures due to reduced oceanic
influence, increased land heating, and possibly lower
cloud cover. Some areas, such as the savanna zones in
northern Lofa and Nimba, experience more heat
absorption, leading to warmer temperatures.

4.5.3 Climate Trends from 1981 to 2018

Using the legend, we can infer the following
temperature trends over 37 years:

Gradual Warming: The general temperature range
suggests a gradual increase in Liberia’s temperature
over the years, consistent with global climate change
trends.

Coastal Stability: The relatively lower temperatures
along the coast suggest that the Atlantic Ocean
continued to regulate temperature, preventing extreme
increases.

Inland Warming: The northern and central regions
show higher temperatures, indicating possible changes
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in land use (deforestation, agriculture, urbanization)
that may have contributed to warming effects.
Tropical Climate Consistency: Despite some
warming, Liberia’s tropical climate remains stable,
with no extreme temperature shifts beyond the
expected range.

4.5.4 Potential Climate Influences

The recorded temperature variations can be attributed
to:

Latitude and Proximity to the Equator: Liberia’s
position near the equator ensures warm temperatures
year-round with minimal seasonal variation.
Influence of the Atlantic Ocean: Coastal regions
maintain relatively stable and cooler temperatures due
to oceanic winds.

Deforestation & Land Use Changes: Increased
deforestation in some inland areas may have amplified
warming trends by reducing vegetative cooling.
Climate Change Impact: Rising global temperatures
may have caused a slight increase in Liberia’s mean
temperature over the study period.

4.5.5 Implications of Temperature Trends (1981 —
2028)

Agriculture: Warming trends may affect crop yields,
especially for heat-sensitive crops. Coastal areas may
remain favourable for farming.

Urban Planning: Rising temperatures may increase
urban heat effects, requiring better city planning and
green spaces.

Energy Demand: Higher inland temperatures may
drive increased demand for cooling systems (air
conditioning, refrigeration).

Climate Change Monitoring: Liberia’s temperature
trends indicate potential climate change impacts,
making continued research necessary.
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Figure 6: Liberia Temperature Map from (1981-
2018)

V. RECOMMENDATIONS

Strengthening Transfer of Technology

5.1 Training of Farmers: Hold seminars to raise
understanding of climate-smart methods. Investments
in storage facilities and irrigation systems are
examples of infrastructure development.

Technological Tools: Create smartphone applications
that provide agricultural guidance and weather
predictions.

5.2 Interventions through Policy: Include adaptation to
climate change in Liberia's National Development
Plan. Boost public-private cooperation to increase the
acceptance of technology.

5.3 Resilience Building: To improve biodiversity and
reduce soil erosion, encourage agroforestry. Create
community-based adaptation funds to assist farmers
who are at risk.

CONCLUSION
As a result of extreme climate events occurring

between 1981 and 2018, Liberia's agricultural sector
has been significantly affected. In spite of the fact that
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technology transfer initiatives have shown potential, it
is essential to address barriers to adoption in order to
enhance resilience. As a result of climate change,
collaborative efforts must be made to ensure food
security and support sustainable development.

Some specific barriers include limited access to
financial resources, which hinders farmers' ability to
invest in new technologies. Additionally, inadequate
infrastructure and lack of training or technical support
further impede the successful implementation of these
innovations. Cultural resistance to change and
preference for traditional farming practices also pose
significant challenges.

To improve infrastructure for farmers, the government
and private sector could collaborate to develop better
transportation networks that facilitate the timely
delivery of agricultural inputs and outputs. Investing
in modern storage facilities can help reduce post-
harvest losses and ensure a steady food supply.
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