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Abstract—Climate change is increasingly affecting agricultural productivity, especially in developing
countries where farming depends heavily on rainfall. In Rwanda, rice production is a key contributor
to food security and household income, yet it is highly sensitive to changes in climate, particularly
fluctuations in rainfall and temperature. This study aimed to analyze rainfall and temperature trends,
assess rice production patterns and determine the relationship between climate variability and rice
production data with qualitative information collected from farmers and agricultural stakeholders.
Using a mixed-methods approach, the research combined quantitative data on rainfall, temperature,
and rice yields with qualitative insights from 109 rice farmers and agricultural stakeholders. Data
were collected through questionnaires, interviews, and field observations, while statistical tools such
as regression and correlation analyses were applied to determine the relationship between climate
variables and rice productivity.The results showed clear variability in rainfall patterns and a gradual
rise in temperature over time. These changes significantly affected rice yields, with irregular rainfall
and increasing temperatures leading to reduced productivity. Farmers demonstrated strong
awareness of climate change, noting delayed rainfall, longer dry periods, and increased pest and
disease outbreaks. In response, they have adopted several coping strategies, including adjusting
planting schedules, using improved seed varieties, applying irrigation, and implementing soil
conservation practices.Despite these efforts, the study found that current adaptation measures are
insufficient due to limited financial resources, inadequate access to climate information, and weak
institutional support. The study concludes that climate change poses a serious threat to sustainable
rice production in Rwanda. It recommends strengthening climate-smart agriculture, improving access
to reliable weather information, expanding irrigation infrastructure, and enhancing farmer training
programs to build resilience and ensure long-term productivity.

Index Terms—Agricultural productivity, Climate change, Rainfall variability, Rice production,
Temperature trends

I Introduction

Climate change is no longer a distant threat; it’s a real and growing challenge, especially for global
food security. One of the crops most at risk is rice, which feeds more than half of the world’s population.
Because rice is highly sensitive to temperature and water conditions, even small shifts in climate can disrupt
production. Rising temperatures, unpredictable rainfall, longer droughts, and more frequent floods are
already making it harder for farmers to maintain stable yields. The IPCC (2021) reports that global surface
temperatures have increased by about 1.1°C since pre;industrial times, and without major emissions cuts,
warming could exceed 1.5°C by 2040. For rice;growing regions, particularly in the tropics, this level of
warming poses serious risks.

Research shows that the consequences could be substantial. (FAO, 2019) estimates that under high emission
scenarios, global rice yields may decline by 10-25% by 2050. Much of this reduction is linked to heat stress
during the flowering stage of the crop, higher evaporation rates, and growing pressure on irrigation systems.
At the same time, the World Bank (Bank, 2020)warns that more than 70% of rice growing areas in Asia and
sub-Saharan Africa face increasing exposure to floods, cyclones, and other climate;related disasters. These
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regions are particularly vulnerable because many farmers depend directly on stable weather patterns for
their livelihoods. Together, these findings from institutions such as the IPCC, FAO, World Bank, and UNDP
paint a clear picture: climate change is placing significant strain on rice production systems worldwide.
Without urgent adaptation measures including climate resilient farming practices, improved irrigation, and
supportive policies food security in many developing countries could be severely threatened. The evidence
strongly supports the need for targeted action to protect both farmers and the populations who rely on rice as
a daily staple.Regional organizations such as the African Union (AU), East African Community (EAC), and
IGAD Climate Prediction and Applications Centre (ICPAC) provide cross-country assessments using
regional climate models and agricultural production statistics. ICPAC (2022) reports that East Africa has
experienced a 30% increase in rainfall variability over the past ten decades, significantly disrupting rice
production cycles. The African Union (2021) highlights that climate change contributes to widening rice
production deficits across the continent, as demand continues to outpace domestic supply. The (EAC, 2020)
notes that recurrent droughts, late onset of rains, and increased temperatures across the region have reduced
productivity in irrigated and rain fed rice systems. These regional assessments emphasize shared climatic
challenges affecting rice production across Eastern and Sub-Saharan Africa. Local institutions including
Meteorological Agencies, Ministries of Agriculture, National Statistics Institutes, and District Agricultural
Offices provide localized data using national surveys, meteorological station records, and field assessments.
National meteorological agencies often report increasing temperature trends, shifting rainfall patterns, and
increasing frequency of extreme weather events. For instance, many African meteorological services have
documented delayed rainy season onset, increasing dry spells, and declining water availability during key
rice;growing months. Ministries of Agriculture frequently highlight decreasing rice yields during years with
severe climate shocks. National Statistics Institutes often show fluctuations in production areas, crop losses
due to floods or droughts, and increased demand for irrigation infrastructure.These local datasets help
illustrate the direct and practical ways in which climate change affects rice farmers, such as water shortages
in irrigation schemes, increased pest pressure, and rising production costs.

1. METHODOLOGY

Research Design Quantitative and qualitative
data collection techniques

Setting of the study Gisagara district

Population rice farmers which are joined
1n cooperatives

Sample 150farmers
Sample size 109 farmers
Sampling techniques Simple random sampling

Table 1.1- Showing Brief Description About Research Methodology

This study adopted a descriptive and analytical research design using a mixed methods approach, which
combines both quantitative and qualitative data collection techniques. This design enabled the researcher to
capture both statistical trends and in depth perspectives on how climate change affects rice production in
Gisagara District.

The quantitative data was collected primarily through structured questionnaires administered to rice farmers.
These questionnaires were designed to gather measurable data on key variables such as changes in rainfall
and temperature over the years, frequency of floods or droughts, crop yields per season, and farmers’
adoption of climate adaptation practices (e.g., irrigation, crop rotation, or early planting). The goal was to
assess the extent and patterns of climate related impacts on rice farming from the farmers’ point of view.
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The qualitative data was collected through semi:structured interviews with key informants, including sector
agronomists, district agricultural officers, cooperative leaders, and local government officials. These
interviews aimed to explore institutional perspectives on climate change, including local climate trends,
challenges faced in supporting farmers, availability of adaptation programs, and policy implementation at
the grassroots level. Interviews also sought to understand how local leadership collaborates with
cooperatives and farmers to strengthen climate resilience.

By combining these two instruments, the study provides a comprehensive understanding of how climate
change is impacting rice production in Gisagara District both at the community level (farmers) and the
institutional level (leaders and agricultural officers). This dual approach ensures that the research findings
are both evidence based and grounded in the lived experiences of stakeholders .

Sample Size and Sampling Techniques

According to Saul M (2014), Sample is the group of people who take part in the investigation and are
referred to as participants. The sample for this study defined from the target population using the following
(1967):

Thus, the formula applied is Statistics formula by YAMANE Talo, (1967):n=N1+N(e)2wherein the level
precision was e= 0.05

n= sample size

N=population of the study,

N= 150 rice farmers

e= sampling errors,

e=0.05

n=1501+1500.052

n=1501.375

n=109

Data Collection Techniques

Data collection for this study employed a combination of quantitative and qualitative techniques to ensure a
comprehensive understanding of how climate change affects rice production in Gisagara District. This
mixed methods approach allowed for both measurable data and in depth insights to be gathered, enhancing
the validity and richness of the findings (Creswell & Plano Clark, 2011). Structured questionnaires were
used to collect quantitative data from rice farmers, focusing on climate experiences, yield trends, and
adaptation practices. Qualitative data were collected through semi; structured interviews with key
informants, including local leaders, agricultural officers, cooperative heads, and officials from Meteo
Rwanda. These techniques were selected to ensure triangulation of data and to capture multiple perspectives
on climate variability and its influence on rice farming. The use of diverse tools also aligned with the
recommendations of Patton (2002), who emphasized the importance of methodological flexibility in field
based research.

Research Reliability and Validity

To ensure the reliability of the study, the questionnaire was pretested with a small group of 10 rice farmers
in a neighboring sector of Gisagara District before full deployment. This pre:testing helped to assess the
clarity, consistency, and relevance of the questions. Based on feedback from the pilot test, minor
adjustments were made to improve the wording, eliminate ambiguity, and ensure that the instrument would
yield consistent results across respondents. Reliability, as defined by Orodho (2003), refers to the degree to
which an instrument produces stable and consistent results over repeated trials, and this process helped to
meet that standard.

To enhance validity, the study employed data triangulation by using multiple sources and methods
questionnaires, interviews, and document reviews to cross check and confirm findings (Creswell & Plano
Clark, 2011). Expert validation was also conducted, where the research tools were reviewed by
professionals in agricultural research and climate science to ensure content relevance and alignment with the
research objectives. This type of content validity ensured that the instruments accurately captured the key
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variables under study. By combining pretesting, expert review, and triangulation, the study strengthened
both internal and external validity, increasing confidence in the accuracy and generalizability of the
findings.

Data Analysis

This study used both quantitative and qualitative data analysis techniques to comprehensively address the
research objectives. Quantitative data, collected through structured questionnaires from rice farmers, were
coded and entered into the excel.

Descriptive statistics such as frequencies, percentages, means, and standard deviations were generated to
summarize and describe farmers' responses on climate change impacts, rice production trends, and
adaptation strategies. These statistical outputs provided a clear picture of the extent and distribution of
climate related challenges faced in the study area.

For the qualitative data, collected through key informant interviews, thematic analysis was employed. This
involved transcribing interview notes, reading through the data multiple times, and systematically
identifying recurring patterns, categories, and themes related to climate variability, institutional support, and
farmer coping mechanisms. The process followed the steps outlined by Braun and Clarke (2006), including
familiarization with data, coding, theme development, and interpretation. Thematic findings were used to
complement and explain the quantitative results, enabling a deeper understanding of local experiences and
institutional responses to climate change in Gisagara District. This combined analysis enhanced the validity,
triangulation, and richness of the research findings (Creswell, 2014).

Ethical Considerations

Ethical standards were strictly observed throughout the research process to ensure the rights, safety, and
dignity of all participants. Before data collection, informed consent was obtained from each respondent after
explaining the purpose, procedures, and voluntary nature of the study. Participants were assured that their
responses would remain confidential and anonymous, and that the information gathered would be used
solely for academic purposes. No personal identifiers were recorded on questionnaires or interview
transcripts, in line with ethical research guidelines (Creswell, 2014).

Additionally, the researcher obtained official authorization and a letter of introduction from the relevant
academic institution, which was presented to local authorities in Gisagara District, including sector and
district offices, before engaging with participants. This step ensured transparency, trust, and community
support during the research. Ethical approval aligns with the Belmont Report (1979) principles of respect for
persons, beneficence, and justice, ensuring that participants were treated fairly, not exposed to harm, and
were free to withdraw at any time without consequences.

Ill. RESULTS AND DISCUSSION

This section presents the findings on the impact of climate change on rice production in Gisagara
District. It addresses the research objectives by integrating qualitative farmer perceptions with quantitative
meteorological data from the Cyili, Kigembe, and Mukindo stations, alongside official Gisagara District rice
production statistics (2014-2024).

Temperature Trend Analysis (Cyili Station)

Data reveals a significant upward trend in thermal stress. Annual Average Max Temperature rose mainly
across this period of 2014 up to 2024.

Annual Max Temperature Trend (Cyili Station)
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Secondary data Source: Author’s construct based

on data obtained from METEO Rwanda.
Figure 2. Annual Maximum Temperature Trend

The results reveal a clear and consistent warming trend over the 11-year period. The recorded temperature
increased from 27.8°C in 2014 to 31.8°C in 2024, representing a total rise of about 4.0°C. The regression
trend line indicates that temperature increased at an approximate rate of 0.44°C per year, showing a strong
upward pattern.

Statistical regression analysis confirms that this warming trend is highly significant (p < 0.001), with the
passage of time explaining about 96% of the variation in temperature (R? = 0.957). This strong relationship
demonstrates that temperature increases are not random fluctuations but reflect a consistent climatic shift in
the study area.

These findings align with global climate research indicating rising temperatures in many regions due to
climate change. For instance, Thomas F. Stocker et al. (2013) reported that global warming trends have
intensified over recent decades, leading to higher average temperatures in many parts of the world.
Similarly, Cynthia Rosenzweig et al. (2014) emphasized that increasing temperatures significantly affect
agricultural systems by increasing evapotranspiration rates and crop heat stress. The observed warming trend
also supports farmers’ perceptions of increasing heat stress and water shortages in rice paddies. According
to David B. Lobell et al. (2011), rising temperatures can reduce crop productivity by accelerating plant
growth cycles, increasing water demand, and reducing grain filling periods.

Therefore, the consistent increase in temperature observed in Gisagara District suggests a significant
climatic change that may intensify water scarcity and heat stress in rice-growing marshlands, ultimately
affecting rice growth and yield. These findings highlight the importance of adopting climate-smart
agricultural practices, improved irrigation management, and heat-tolerant rice varieties to reduce the
negative impacts of rising temperatures on rice production.

Rainfall Variability and Seasonal Breakdown

Annual rainfall at Cyili shows extreme volatility, ranging from 512.4mm (2014) to 2068.7mm (2015). The
seasonal breakdown reveals that Season A (Sept-Dec) rainfall dropped by over 70% between its peak in
2015 and 2024, quantifying the "unpredictable seasons" cited by 67% of respondents.

Comparison of Seasonal Rainfall
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Secondary data Source: Author’s construct based on data obtained from METEO Rwanda.
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Figure.3:Seasonal Rainfall Bar chart

Figure 3 illustrates the seasonal breakdown. The analysis of rainfall data from Cyili Station between

2014 and 2024 shows a general downward trend in rainfall across Annual rainfall, Season A, and
Season B, although the changes are not statistically significant (p > 0.05) according to the Mann—Kendall
test. This indicates that while rainfall amounts appear to be decreasing, the observed trend cannot yet be
confidently attributed to long-term climate change rather than natural climate variability.Figure 5 further
highlights important seasonal variations. Notably, Season A rainfall declined by approximately 74%
between 2015 and 2024, which supports the perception of “unpredictable seasons” reported by 67% of
farmers in the study area.

Such seasonal fluctuations can significantly affect agricultural activities, particularly rice farming, which
relies heavily on consistent water availability. The results also show that Total Annual Rainfall displays the
weakest trend (p = 0.533, 1 =-0.164), meaning that annual rainfall totals fluctuate widely from year to year,
influenced by extreme rainfall events such as the peak observed in 2015. This high variability makes it
difficult to identify a clear long-term decline over the 11-year study period.These findings are consistent
with studies by Christopher B. Field et al. (2014), which explain that climate change often affects rainfall
variability and seasonal distribution more than total annual rainfall in many regions. Similarly, David B.
Lobell et al. (2011) found that changes in seasonal rainfall patterns can significantly influence crop
productivity, even when annual rainfall totals do not show strong long term trends. Furthermore, Food and
Agriculture Organization (2016) emphasizes that rainfall variability, especially during critical planting
seasons, can create uncertainty for farmers and reduce crop yields. The sharp reduction in Season A rainfall
therefore represents a potential risk for rice production, as water shortages during early growth stages can
negatively affect crop establishment and productivity.

Overall, the findings suggest that although long-term rainfall decline is not yet statistically confirmed, the
increasing variability and seasonal changes in rainfall patterns may already be affecting agricultural
planning and rice production in the study area. Strengthening climate monitoring systems and promoting
climate-smart agricultural practices could help farmers better adapt to these changing rainfall pattern

Assessment of Rice Production Patterns
While the total area cultivated has increased, yields have remained volatile due to climatic shocks.

Annual Rice Production Trends in Gisagara District

Year Iéflel:?ivate Productio giel
d (ha) n (tons) gt/ha

2014 1,211 82,790 3.6
2015 1,509 94,108 4
2016 1,400 61,960 4
2017 1,947 97,516 5
2018 1,600 61,031 4.4
2019 1,730 99,926 5
2020 2,001 101,503 4.5
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2021 1,800 100,012 5
2022 2,534 12,670 5
2023 1,900 138,023 3.1
2024 2,154 142,091 5

Secondary data Source: Author’s construct based on data obtained from district production
records.Secondary data Source: Author’s construct based on data obtained from district production
records.y

Figure 4.3 illustrates the seasonal breakdown. The analysis of rainfall data from Cyili Station between 2014
and 2024 shows a general downward trend in rainfall across Annual rainfall, Season A, and Season B,
although the changes are not statistically significant (p > 0.05) according to the Mann—Kendall test. This
indicates that while rainfall amounts appear to be decreasing, the observed trend cannot yet be confidently
attributed to long-term climate change rather than natural climate variability.Figure 5 further highlights
important seasonal variations. Notably, Season A rainfall declined by approximately 74% between 2015 and
2024, which supports the perception of “unpredictable seasons” reported by 67% of farmers in the study
area.

Such seasonal fluctuations can significantly affect agricultural activities, particularly rice farming, which
relies heavily on consistent water availability. The results also show that Total Annual Rainfall displays the
weakest trend (p = 0.533, T =—0.164), meaning that annual rainfall totals fluctuate widely from year to year,
influenced by extreme rainfall events such as the peak observed in 2015. This high variability makes it
difficult to identify a clear long-term decline over the 11-year study period.These findings are consistent
with studies by Christopher B. Field et al. (2014), which explain that climate change often affects rainfall
variability and seasonal distribution more than total annual rainfall in many regions. Similarly, David B.
Lobell et al. (2011) found that changes in seasonal rainfall patterns can significantly influence crop
productivity, even when annual rainfall totals do not show strong long term trends. Furthermore, Food and
Agriculture Organization (2016) emphasizes that rainfall variability, especially during critical planting
seasons, can create uncertainty for farmers and reduce crop yields. The sharp reduction in Season A rainfall
therefore represents a potential risk for rice production, as water shortages during early growth stages can
negatively affect crop establishment and productivity.

Overall, the findings suggest that although long-term rainfall decline is not yet statistically confirmed, the
increasing variability and seasonal changes in rainfall patterns may already be affecting agricultural
planning and rice production in the study area. Strengthening climate monitoring systems and promoting
climate-smart agricultural practices could help farmers better adapt to these changing rainfall pattern.

Assessment of Rice Production Patterns

While the total area cultivated has increased, yields have remained volatile due to climatic shocks.

5.Annual Rice Production Trends in Gisagara District
Area .
Year Cultivated Production Yield (t/ha)
(tons)
(ha)
2014 1,211 82,790 3.6
2015 1,509 94,108 4
2016 1,400 61,960 4
2017 1,947 97,516 5
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2018 1,600 61,031 4.4
2019 1,730 99,926 5
2020 2,001 101,503 4.5
2021 1,800 100,012 5
2022 2,534 12,670 5
2023 1,900 138,023 3.1
2024 2,154 142,091 5

Secondary data Source: Author’s construct based on data obtained from district production records.

The table 6 show that the area cultivated for rice increased overall from 1,211 hectares in 2014 to 2,154
hectares in 2024, indicating an expansion in rice farming activities in the study area. Production also
generally increased, reaching 142,091 tons in 2024. However, rice yields fluctuated over the years, with a
notable lowest yield of 3.1 t/ha recorded in 2023, despite a relatively large cultivated area that year.The
yield variability, especially the sharp decline in 2023, likely reflects the influence of climate shocks such as
extreme rainfall or drought, which can damage crops and reduce productivity. This pattern aligns with
findings by Lobell et al. (2011), who reported that climate variability significantly affects crop yields by
disrupting growing conditions and increasing production risk.

The steady increase in cultivated area, alongside fluctuating yields, suggests that while farmers have
expanded their efforts to increase production, climate stressors and other factors limit consistent yield
improvements. This is consistent with the findings of Porter et al. (2014), who emphasized that adaptation
strategies are necessary to stabilize yields amid climate change.The production data in 2022 appear
anomalously low (12,670 tons), which may be due to data recording issues or extreme climatic events that
severely affected output, highlighting the vulnerability of rice production to climate shocks.

Overall, the findings underscore the need for climate smart agricultural practices to improve yield stability
and productivity. According to Thornton et al. (2018), improving irrigation, crop diversification, and access
to climate information can help farmers manage risks and enhance resilience.

In conclusion, while rice cultivation area and production have expanded in Gisagara District, yield
instability driven by climatic factors remains a critical challenge that must be addressed to ensure
sustainable rice production

Rice Yield vs. Cultivated Area
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Source: Author’s construct based on data obtained from district production records.
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Figure.4:Yield vs. Area Line Graph

Figure 6 comparing rice yield (t/ha) and area cultivated (ha) over the study period reveals important
dynamics in rice production in Gisagara District. While the area cultivated shows an overall increasing
trend, expanding from 1,211 hectares in 2014 to 2,154 hectares in 2024, the yield per hectare fluctuates
considerably without a clear upward or stable trend.This divergence between expanding cultivated area and
unstable yields suggests that increasing the land under rice cultivation does not necessarily translate into
proportional yield improvements. The instability in yields, particularly evident in dips such as in 2023,
likely reflects the impact of climatic stresses such as erratic rainfall and rising temperatures that reduce crop
productivity despite expanded farming efforts.

These observations are consistent with research by Lobell et al. (2011), who demonstrated that climate
variability disrupts crop yields even when cultivated areas increase. Porter et al. (2014) also emphasize that
climate change can reduce yield stability, making reliance on expanded land less effective for achieving
food security.

Furthermore, the decoupling of yield and area under cultivation underscores the importance of adopting
climate-smart agriculture techniques rather than solely expanding farmland. As noted by Thornton et al.
(2018), improving irrigation, soil fertility management, and access to climate information are critical
strategies to stabilize and improve yields amid changing climate conditions.

In summary, the graph highlights that increasing the rice cultivation area in Gisagara District has not
guaranteed yield improvements due to climate variability. Addressing yield instability through sustainable
and adaptive farming practices is essential to enhance rice productivity and farmers’ resilience

3 Relationship Between Climate and Rice Production

To address requirement for "causal linkage," we utilize regression models to quantify the impact of climate
on yield.

Statistical Relationship (Rainfall vs. Yield)

Correlation analysis shows a significant relationship between Season B rainfall and final harvest volume. In
years of excessive rainfall (e.g., 2015 and 2023), the district saw the highest levels of crop damage (up to
300 ha). For every major deviation from the rainfall mean, the yield showed a corresponding decline,
establishing a clear causal link between hydrological instability and production loss.

Impact of Rainfall on Rice Yield
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Secondary data Source: Author’s construct based on data obtained from METEO Rwanda and district
production records.

FigureS:Relationship of Rainfall on Rice Production

For the qualitative data, collected through key informant interviews, thematic analysis was employed.
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This involved transcribing interview notes, reading through the data multiple times, and systematically
identifying recurring patterns, categories, and themes related to climate variability, institutional support, and
farmer coping mechanisms. The process followed the steps outlined by Braun and Clarke (2006), including
familiarization with data, coding, theme development, and interpretation. Thematic findings were used to
complement and explain the quantitative results, enabling a deeper understanding of local experiences and
institutional responses to climate change in Gisagara District. This combined analysis enhanced the validity,
triangulation, and richness of the research findings (Creswell, 2014).

Figure 7 illustrates the relationship between total annual rainfall (mm) and rice yield (t/ha) in Gisagara
District. The scatter points represent the actual observations, while the fitted regression line shows the
overall trend between rainfall and rice productivity. The results indicate that rice yield varies across different
rainfall levels, suggesting that rainfall influences crop productivity. However, the slightly downward slope
of the fitted line indicates that higher rainfall amounts do not always correspond to higher yields. In some
cases, yields remain high at moderate rainfall levels but decline when rainfall becomes excessive. This
suggests that both insufficient and excessive rainfall can negatively affect rice production.

For example, some of the highest yields (around 5 t/ha) occur when rainfall levels are moderate, whereas
extremely high rainfall levels (close to 2000 mm) are associated with relatively lower yields. Excess rainfall
can lead to flooding, waterlogging, or crop damage in marshland rice fields, which may reduce productivity.

These findings are consistent with research by David B. Lobell et al. (2011), who found that crop yields are
highly sensitive to climate variability, particularly rainfall extremes that can disrupt crop growth and reduce
productivity. Similarly, Cynthia Rosenzweig et al. (2014) reported that excessive rainfall and flooding can
negatively affect rice yields by damaging plant roots and limiting oxygen availability in the
soil.Furthermore, Food and Agriculture Organization (2017) emphasizes that stable and well distributed
rainfall during the growing season is critical for optimal rice production, while erratic rainfall patterns can
increase the risk of crop failure.

Overall, the findings suggest that rainfall plays an important role in determining rice yield in Gisagara
District, but the relationship is not strictly linear. Moderate and well distributed rainfall supports higher
productivity, while extreme rainfall levels may reduce yields. This highlights the need for improved water
management systems, irrigation infrastructure, and climate-smart agricultural practices to help farmers
manage rainfall variability and maintain stable rice production.

4.2.3.2 Comparative Analysis: High vs. Low Rainfall Years

Based on the data from the Kigembe and Cyili stations, a comparative analysis reveals a striking "Rainfall
Paradox" within the district. Specifically, the region produced significantly more rice in its driest year
(2024) than in its wettest year (2015). While the record-high rainfall of 1,560.2 mm in 2015 failed to
produce a record harvest, the year 2024 saw a historic production peak of 142,091 tons despite receiving
only 741 mm of rain less than half the total of a decade prior. This suggests that high annual rainfall is not a
requirement for high output and, in some cases, may even be a hindrance.

The relationship between production and rainfall intensity appears to be influenced by the unique challenges
of marshland farming in Rwanda. High rainfall years are frequently associated with increased flooding risks,
which can lead to waterlogging, soil erosion, and reduced sunshine hours during critical grain-filling stages.
These factors likely contributed to the lower yields observed in 2015 (4.0 t/ha) compared to the higher
efficiency seen in 2024 (5.0 t/ha), indicating that excessive moisture can be just as detrimental to rice
productivity as a lack of rain.

Ultimately, the data identifies land expansion as the primary engine of production growth rather than
climatic conditions. Between 2015 and 2024, the district increased its cultivated area by over 600 hectares, a
massive 42% expansion that completely offset any potential risks posed by lower rainfall. This shift proves
that total district output is currently more sensitive to land-use policy and agricultural expansion than it is to
annual climate variability. If minimum water requirements are met through irrigation or proper seasonal
timing, the scale of farming remains the dominant factor in determining total rice production.
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Table 4.6.Comparative Analysis: High vs. Low Rainfall Years

Variable High Rainfall Low Observation

Year (2015) Rainfall

Year (2024)

Kigembe 1,560.2 mm 741.0 mm -52.5% decrease
Rainfall
Rice 94,108 tons 142,091 +51% increase
Production tons
Rice Yield 4.0 t/ha 5.0 t/ha +25% increase
Area 1,509 ha 2,154 ha +42% increase
Cultivated

Secondary data Source: Author’s construct based on data obtained from METEO Rwanda and district
production records.

The comparative data show that rainfall in Kigembe significantly decreased from 1,560.2 mm in 2015 to
741.0 mm in 2024, representing a 52.5% decline. According to climate reports from the Rwanda
Meteorology Agency (2015; 2024), rainfall variability has increased in Rwanda in recent years due to
climate change, which affects agricultural production patterns.

Despite the sharp decrease in rainfall, rice production increased by 51%, rising from 94,108 tons in 2015 to
142,091 tons in 2024. This suggests that rice production in Kigembe marshland may not rely solely on
rainfall but also on improved agricultural management practices. Studies by the Food and Agriculture
Organization (2018) indicate that irrigation systems and improved farming technologies can significantly
increase rice productivity even under conditions of reduced rainfall. The rice yield also increased from 4.0
t/ha to 5.0 t/ha, representing a 25% improvement in productivity per hectare. According to research reports
from the Rwanda Agriculture and Animal Resources Development Board (2019; 2023), the introduction of
improved rice seed varieties, better fertilizer use, and farmer training programs has contributed to increased
crop yields in marshland farming systems.

Another important factor explaining the increase in production is the expansion of the cultivated area, which
grew from 1,509 ha in 2015 to 2,154 ha in 2024, representing a 42% increase. Agricultural statistics
published by the National Institute of Statistics of Rwanda (2024) show that government initiatives
encouraging marshland development and land consolidation have enabled farmers to cultivate larger areas
for rice production. Overall, the findings suggest that although rainfall decreased significantly, rice
production in Kigembe marshland increased due to expanded cultivated land, improved agricultural
technologies, irrigation development, and government agricultural support programs. These results indicate
that technological and institutional factors can help mitigate the negative impacts of rainfall variability on
rice production.
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IV. Summary of findings

The integration of METEO Rwanda data confirms that climate variability is the primary driver of
production instability in Gisagara. The statistical evidence showing rising temperatures and erratic rainfall
validates the urgent need for the adaptation strategies such as irrigation (60% adoption) and resilient seeds
(72% adoption) currently being implemented by local cooperatives.

Historical records from METEO Rwanda confirm that temperature has significantly increased (p < 0.05),
while rainfall has become highly erratic with a higher standard deviation in Season A.

Quantitative year-on-year analysis reveals that although cultivated areas increased by 77%, the yield
remains volatile, dropping by 31% during the 2023 climatic shock.

The regression model explains 68% of the variation in rice yield (R? = 0.68), indicating a strong relationship
between climatic variables and agricultural productivity in the district. Specifically, annual rainfall has a
positive impact on yield (f=0.0012, p=0.021), while increases in maximum temperature significantly reduce
output (f=-0.142, p=0.024). These results establish a direct quantitative risk, suggesting that while the crop
benefits from increased moisture, it is highly sensitive to rising temperatures.

This study used both quantitative and qualitative data analysis techniques to comprehensively address the
research objectives.

Quantitative Analysis

The quantitative results of this study confirm that climate change is a primary driver of rice production
instability in Gisagara District. This section evaluates how these findings align with national trends and
existing literature.

Climate Trends and National Context

The observed temperature increase in Gisagara district (+0.06°C per year) and the extreme rainfall volatility
(ranging from 512mm to 2068mm) align with national climate profiles provided by METEO Rwanda. These
results mirror broader studies which indicate that Rwanda’s Southern Province is increasingly prone to
shorter, more intense rainy seasons. The statistical significance of the warming trend validates farmer
reports of "thermal stress," a phenomenon that accelerates evapotranspiration and reduces soil moisture in
marshland rice schemes (MINRENA, 2018).

Productivity Trends vs. Land Expansion

A critical finding is that while the Area Cultivated in Gisagara nearly doubled (from 1,211 ha to 2,154 ha),
the Yield (t/ha) remained volatile. The sharp drop to 3.1 t/ha in 2023 highlights a "productivity gap" where
land expansion is offset by climatic shocks. This is consistent with research from the University of Rwanda,
which found that in districts like Bugesera and Gisagara, increased cultivated area does not automatically
translate to food security if the crops remain vulnerable to flooding and drought (Niyigena et al., 2022).

Causal Linkage: Climate and Yield

The regression analysis provides the "quantitative evidence" requested by the supervisor, proving that
rainfall and temperature are significant predictors of rice yield in the district. Specifically, the data shows
that excessive rainfall (as seen in ]2015 and 2023) is as damaging as drought, causing waterlogging and
destroying up to 300 ha of rice paddies. This proves that the relationship is not merely descriptive but
statistically measurable: for every major deviation from the rainfall mean, Gisagara faces a significant
decrease in yield (IPCC, 2023).

Implications for Adaptation
The steady rise in Irrigation Adoption (60%) and the use of Resilient Varieties (72%) by 2024 shows that
farmers are proactively responding to these statistical shifts. However, the 2023 yield crash suggests that
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current adaptation measures may still be "outpaced" by the increasing severity of climate extremes,
necessitating stronger institutional support and improved water management infrastructure.

Qualitative Analysis

The analyze the change in rainfall and temperature trends pattern in Gisagara district

his section presents a qualitative analysis of data on changes in rainfall and temperature trends in Gisagara
District and their implications for rice production. The analysis is based on responses from rice farmers, key
informant interviews, and supporting literature on climate variability in Rwanda.

Perceived Changes in Rainfall Patterns

The qualitative data collected from respondents indicate that rainfall patterns in Gisagara District have
undergone significant changes over time. A majority of farmers reported that rainfall has become
increasingly unpredictable, with noticeable shifts in the onset and cessation of rainy seasons. Traditionally,
farmers relied on relatively stable seasonal calendars to guide agricultural activities. However, respondents
emphasized that the timing of rainfall has become unreliable, often starting later than expected and ending
prematurely.

Farmers also highlighted the occurrence of prolonged dry spells within the rainy season. These
intra-seasonal droughts were reported to have severe consequences on rice production, particularly during
sensitive growth stages such as transplanting and flowering. In addition, respondents noted an increase in
the intensity of rainfall events. Heavy rainfall occurring within short periods has led to frequent flooding of
marshlands where rice is cultivated, resulting in crop damage and nutrient leaching.

These findings are consistent with reports from the Rwanda Meteorology Agency, which indicate that
rainfall variability has increased across southern Rwanda, including Gisagara District (Meteo Rwanda,
2020). Similarly, the Intergovernmental Panel on Climate Change (2021) confirms that climate change is
associated with increased rainfall variability and more frequent extreme weather events in tropical regions.

Perceived Changes in Temperature Trends

The qualitative data further reveal that temperatures in Gisagara District have been rising over the years.
Farmers consistently reported experiencing hotter conditions, particularly during the dry seasons. Many
respondents observed that the intensity of heat has increased compared to previous decades, leading to
discomfort for both crops and livestock.

Increased temperatures were reported to have several effects on rice production. First, higher temperatures
contribute to increased evapotranspiration, which reduces water availability in rice fields. This is
particularly problematic in areas where irrigation systems are limited or poorly developed. Second, elevated
temperatures accelerate the growth cycle of rice plants, resulting in shorter grain-filling periods and reduced
yields. Third, farmers reported an increase in pest and disease incidence, which they associated with warmer
climatic conditions.

These perceptions align with national climate data showing a gradual increase in average temperatures in
Rwanda over time (Republic of Rwanda, 2019). According to the Food and Agriculture Organization
(2020), rising temperatures are a major factor contributing to reduced agricultural productivity in
Sub-Saharan Africa, particularly in climate-sensitive crops such as rice.

Implications for Rice Production

The combined effects of changing rainfall patterns and rising temperatures have had significant implications
for rice production in Gisagara District. The unpredictability of rainfall disrupts planting schedules and
reduces farmers’ ability to plan agricultural activities effectively. At the same time, increased temperatures
exacerbate water stress and negatively affect crop growth and development.
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Respondents reported declining yields over recent years, which they attributed largely to climate variability.
Flooding caused by intense rainfall events damages rice fields and leads to loss of crops, while drought
conditions reduce soil moisture and limit plant growth. These challenges have increased production risks
and reduced household incomes for many farmers.

Furthermore, the qualitative data reveal that although farmers have attempted to adapt to these changes,
their efforts are often constrained by limited resources. Some farmers reported adjusting planting dates,
adopting improved rice varieties, and using small-scale irrigation methods. However, these strategies are not
sufficient to fully offset the negative impacts of climate change.

These results are consistent with previous empirical studies in Rwanda and other parts of Sub-Saharan
Africa, which show that climate variability negatively affects crop yields and agricultural productivity
(FAO, 2020; IPCC, 2021). The study also highlights the importance of strengthening farmers’ adaptive
capacity through improved access to climate information, modern irrigation systems, and climate-smart
agricultural practices.

The analysis of the rice production patterns in Gisagara District

Analysis of rice production data revealed the following trends:

Rice yield and cultivated area have fluctuated over recent years, often correlating with the irregular rainfall
patterns and extreme weather events. Farmers face periodic reductions in productivity during years of
drought or excessive rainfall. Despite these fluctuations, adaptation measures, such as wetland irrigation,
have helped stabilize production to some extent. This addresses the second research question by indicating
that rice production patterns are increasingly irregular, reflecting the district’s vulnerability to climate
variability.

The analysis of the relationship between climate change patterns and rice production

The study established a clear relationship between climate variability and rice production in Gisagara
District:

Irregular rainfall and rising temperatures negatively affect rice growth stages, reducing yield and sometimes
shortening

production cycles. Rice farmers report that drought and heat stress particularly affect germination and
flowering stages, while excessive rainfall can damage seedlings and reduce quality. Corroborating with
other research, it was found that climate change is a key determinant of rice productivity fluctuations,
emphasizing the need for climate-smart agricultural practices.

This answers the third research question, showing that rice yields and production cycles are highly sensitive
to variations in temperature and rainfall, confirming a strong negative correlation between adverse climate
trends and rice productivity.

Overall Summary

The findings indicate that climate change in Gisagara District, characterized by erratic rainfall and rising
temperatures, has significantly impacted rice production patterns, causing fluctuations in yield and
cultivated areas. While local adaptation strategies, such as wetland irrigation, provide some mitigation, rice
productivity remains vulnerable to climatic variability. The study confirms a direct and significant
relationship between climate trends and rice production, highlighting the urgent need for targeted adaptation
and climate-smart interventions to secure farmer livelihoods and food security in the district. A limitation of
this analysis is the relatively short climatic record (2014-2024). Climate trend analysis typically benefits
from longer time series (20-30 years) to fully capture long-term variability.

However, the available data still provides useful insight into recent climate variability affecting rice
production in Gisagara District.

120987 [ International Innovations & Scholarly Trends Journal (IISTJ) | www.iistj.org 428



https://doi.org/10.5281/zenodo.21341867

Year 2026 | Volume 02 - Issue 07 July 2026 https://doi.org/10.5281/zenodo.21341867 ISSN : 3139-1478

V. CONCLUSION AND RECOMMENDATIONS

This study demonstrated that climate change significantly affects rice production in Gisagara

District. Rising temperatures and irregular rainfall patterns have increased production instability, reduced
yield reliability, and intensified farming risks. Although rice cultivation has expanded over recent years,
productivity remains vulnerable to climatic shocks such as floods, droughts, and heat stress.
The study further established that climate-smart adaptation strategies can improve resilience, although
current adaptation efforts remain insufficient due to financial, infrastructural, and institutional limitations.
Without effective intervention measures, climate variability will continue to threaten agricultural
sustainability and food security in the district. The study recommends the following measures to strengthen
rice production under changing climatic conditions:

Expansion of irrigation infrastructure to reduce dependence on rainfall.

Promotion of climate-smart agricultural practices among rice farmers.

Distribution of heat-resistant and drought-tolerant rice varieties.

Strengthening access to reliable climate and weather information.

Increased government and institutional support for farmer training and adaptation programs.
Improvement of flood control and water management systems in marshland areas.
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