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Abstract

Climate change, one of the challenges facing the world today, is increasingly affecting people’s livelihood in Rwanda like other
developing countries. This study aimed to assess the impact of climate change on rice production in Nyanza district, Southern
Rwanda. The climate data mainly rainfall and temperature were obtained from Rwanda Meteorological Agency (RMA). The
data on rice production were collected from the rice production cooperative in Nyanza district. The employed seven-year
(2010-2017) datasets were analyzed by using the Statistical Package for Social Sciences (SPSS), Microsoft excel and Stata.
The results indicated that the highest quantity of rice was produced in 2016 (6,254 tons) and 2017 was the year with the lowest
rice production (2,809 tons). Regarding rainfall, the highest average was recorded in 2013 and 2016 (126.59-142.56 mm), and
these years recorded rice productions of 5,350-6,254 tons, respectively. The temperature manifested a slight change with nearly
2°C between the lowest 20.5°C and the highest 22.44°C. The results indicated that change on average annual rainfall and
temperature lead to 64.5% and 4.9% variations on annual rice production, respectively. Thus, rainfall significantly impacts on
rice production in Nyanza District. Therefore, rice varieties resisting to climate change, mainly rainfall variability would be
productive in this area.
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temperature since 1980 has led to reduction in yields of
staple crops offsetting gains even from improved farm
practices, which has several implications for agriculture, crop
yields and patterns in the long run [2, 3]. As the world
population increases, there is need of increasing food
availability to satisfy the rising need. For example world rice
production must increase by 1% annually to meet growing
demand for food that results from population growth and

1. Introduction

The uncontrollable nature of climatic factors changing over
time, especially rainfall and temperature has been causing
very strong impact on economic, social and environmental
sustainability. Changes in the atmospheric composition due
to anthropogenic increase in greenhouse gases lead to
changes in the irradiative balance of the earth and consequent

alterations in temperature, circulation pattern and weather
patterns. Rising temperatures are influencing various systems
on the earth, including agriculture [1].

Global warming has a direct effect on crops, food chains and
production cycles in terms of marked changes on growth and
yield processes. The reports indicated that the rise in
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economic development [4]

The yield of rice, like other crops, depends on many factors
including quality of soil (fertility), technology, planting
practices, and certainly weather conditions [5]. However, the
latter is pertinent, as the climate is likely to change.
According to the Intergovernmental Panel on Climate
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Change (IPCC), global warming is indisputable and global
average temperature is anticipated to increase by 2 to 4
Celsius degrees, and precipitation is expected to increase by
6% to 10% by the end of this century [6, 7]. These changes in
climatic conditions will affect crop yield and yield variability,
thus it is crucial to investigate how sensitive crop yield

variability are to whether condition and future climate change.

It has been found that in Rwanda, agriculture is highly
susceptible to variation in climate change. The sector feeds
more than 90 per cent living in rural areas for their livelihood
[8]. Also, this is associated with the fact that agriculture
sector contributes to Rwandan economy at 33% of the
national Gross Domestic Product (GDP) [9]. However, in
Rwanda also, the changing climate started to manifest its
impact on agricultural production many years ago. For
example, in 2015, the dry season started early than expected,
and this greatly led to reduction of agricultural production
mainly in the Eastern province [10].

In addition, Rwanda, as well as other developing countries
whose agriculture is still rainfed will record great
consequences of climate change due to decreasing and/or
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increasing rainfall record which generate negative effects on
the agricultural production [10]. Looking at climate change
scenarios, and the growing demand of food, it is important to
learn how much crop yield will fluctuate in order to ensure
the growing food demand [11]. Therefore, the objective of
this study was to analyse the relationship between climate
variability, mainly temperature and rainfall and rice
production in Nyanza District of the southern Rwanda.

2. Methods and Material
2.1. Study Area

This study focused on the Nyanza district, one of eight
districts of southern province of Rwanda with 671.2 km® of
the land surface. The district is delimited by neighbouring
districts: in North by Ruhango district, in south by Gisagara
district and Burundi Republic, in west by Huye and
Nyamagabe districts, in East by Bugesera district. The
district has ten sectors: Busasamana, Mukingo, Kigoma,
Kibirizi, Busoro, Muyira, Ntyazo, Cyabakamyi, Nyagisozi
and Rwabicuma [12].
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Figure 1. Map of Nyanza district in Rwanda and study area.

The district of Nyanza is inhabited by 323,719 people spread
as 482 inhabitants per Km® [12]. Nyanza District is situated
within a tropical region and has a humid climate. This region
experiences alternate season, the rainy season alternates with
the dry season. The annual maximum temperature is 24°C,

the annual rainfall is 1,400 mm and the main river is
Nyarubogo [13].

The district is divided into west and eastern part. The eastern
part characterized by low and mid altitude and annual
temperatures of around 20°C. This part, commonly known as
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the Amayaga zone was selected as the concern for this study.
The area is known to be a drought- prone area of the country.
This part is located in Kibirizi sector of Nyanza district. The
authors considered one and largest rice production
cooperative in Nyanza district; the Cooperative de Promotion
des Riziculteurs (COOPRORIZ) with 1,013 members [13].

2.2. Data Collection and Analysis

This study employed types of data namely the time series
data (secondary data) which include data on rice production
and climate variables (rainfall and temperature). Secondary
data were collected and used to provide in-depth analysis of
climate change impact on rice yield. A set of secondary data
on rice was collected from the Cooperative de Promotion des
Riziculteurs (COOPRORIZ). The data on climate variables
(rainfall and temperatures) were collected from Rwanda
Meteorology Agency. These climate and rice production-
related data were subdivided into two phases. The first phase
covered the months of March, April and May (MAM) and the
last phase was for September, October, November and
December (SOND).

Finally, after data collection, the rainfall and temperature
(minimum and maximum) data were analyzed in comparison
with the production of rice by using the Statistical Package
for Social Sciences.

3. Results
3.1. Temperature and Rainfall Record
450 -

400-

w
T

o
'

mam_total
w
o
o
,

N

o

=
'

200-

2010 2012 2014 2016
Year

Figure 2. MAM rainfall trend.

The results in Figure 2 indicated that the average rainfall in
March, April and May (MAM) was lower in 2010 and began
to increase from 2011 up to 2013. However, the results
demonstrated a mixture of rainfall trends in the years
between 2014 and 2017.
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Figure 3. SOND rainfall trend.

The results on the rainfall of September, October, November
and December (SOND), as shown in Figure 3 revealed a
decreasing record of rainfall between 2010 and 2011. The
same Figure revealed a considerable decrease rainfall
between 2014 and 2016.

For the temperature, the study analyzed the minimum and
maximum to see temperature trends as the normal range for
rice growing season is between 20°C and 27°C whereas the
minimum temperature for rice should not go below 15°C
since the germination cannot take place below this threshold
[14].
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Figure 4. MAM temperature.

According to the results in Figure 4, during the MAM period,
the minimum temperature across the study was low in 2011
while the highest record was registered in 2016 and 2017 at
16.5°C, respectively. In addition, Figure 4 demonstrated that
the maximum temperature in the same period was low in
2012 and high in 2017.
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Figure 5. SOND temperature.
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The results in Figure 5 indicated that during the SOND
period, both minimum and maximum temperature records
were fluctuating. For the minimum temperature, the lowest
record of 13.9°C was registered in 2010 and then kept on
increasing until 2017. However, the maximum temperature
indicated that the years of 2011 and 2016 recorded the lowest
and highest temperature records of 26.6°C and 28.5°C,

respectively (Figure 5).

3.2. Rice Production Record

After analyzing trends of climate factors, the authors
analyzed the rice production within the studied period and
compared the rice production variations vis a vis annual
rainfall and temperature averages.
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Figure 6. Annual quantities of rice produced.

The results (Figure 6) on the rice produced annually in
Nyanza district indicated that during MAM period, there has
been an increasing record of rice production than that of
SOND period. However, the results showed that during the
period of MAM 2012, the rice yield was lower than that of
SOND period. The highest production of 6,254t was recorded
in 2016 while the lowest production was 2,809t in 2017.
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Figure 7. Rice production over rainfall.

As previously reported [15], rainfall and temperature are very
critical factors for the growth of food crops like rice. During
the rainfall period (Figure 7), the highest rainfall average was
recorded in 2013 and 2016 (126.59-142.56 mm) with 5,350-
6,254 tons of rice produced over both years, respectively.
This shows that food production in Rwanda fluctuates from
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Figure 8. Rice production over temperature.

As stated above, temperature plays a big role in crop growth
and production. However, the results of this study (Figure 8)
indicated that temperature didn’t have significant changes on
rice yield. The record varied between 20°C and 22°C and
despite those slight changes in temperature, rice production
kept changing from year to year (Figure 8).

3.3. Correlation and Regression Analysis of
the Relationship between Annual
Rainfall, Temperature and Rice

Table 1. Regression on the relationship between rice yield and average
rainfall.

L. . . Adjusted R Std. Error of the
year to year due to frequent variations in the magnitude of =~ Model R WA o Estimate
rains during and between growing seasons. 1 .803" .645 -.0070 .005644
a: Predictors: (Constant), total annual rainfall (mm)
Table 2. Coefficients®
Model Unstandardized Coefficients Standardized Coefficients T Sig
B* Std. Error Beta
. .548 .086 7.843 .000
(Constant) total annual rainfall 0426 o1 145 438 1000610

a: Dependent variable: annual rice production (Mt/ha)
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The equation for the linear regression is of the form: annual
quantity of rice produced: 0.548+0.0426 (average annual
rainfall).

The constant term is indicative of the fact that the annual
quantity of rice produced would be 0.548 metric tons per
hectare if the average annual rainfall was 0 mm. The slope of
the line (.0426) also shows that an increase in the average
annual rainfall by 1 mm will lead to a 4.26% increase or
decrease in the annual quantity of rice produced. Thus, there
is an association between average annual rainfall and rice
production. The regression from Table 1 reported an R
squared of 0.645. This means that a variation in average

annual rainfall can account for 64.5% of the variations in the
annual quantity of rice produced over the period.

Implicitly, about 35.5% of the variations in the quantity of
rice produced annually cannot be explained by variation in
average annual rainfall. These variations can be associated
with other factors that affect rice productions (like farming in
waterlogged areas, irrigation, fertilizer application, improved
seeds, farming practices, etc.) which could have effects on
annual rice produced per hectare. The correlation coefficient
is 0.803. This means that there is a strong relationship
between rainfall and rice production.

Table 3. Regression on the relationship between rice yield and average temperature.

Model R R Square Adjusted R Square Std. Error of the Estimate
1 .158° .049 -.065 .04060
a: Predictors: (Constant), total annual temperature (°C)
Table 4. Coefficients".

Model Unstandardized Coefficients Standardized Coefficients T si

B* Std. Error Beta g

2.04
(Constant) total annual 5 2.602 -.158 790 .540
temperature 046 079 _553 581

a: Dependent variable: annual rice production (Mt/ha)

The equation for the linear regression is of the form: annual
quantity of rice produced: annual rice produced: 2.042-0.046
(average annual temperature).

The constant term is indicative of the fact that, the annual
quantity of rice produced will be 2.042 metric tons per
hectare if the average annual temperature becomes 0°C. The
slope of the line (-0.046) also showed that an increase in the
average annual temperature by 1°C will reduce the annual
quantity of rice produced by .046 metric tons per hectare.
Thus, there is a slight negative relationship between average
annual temperature and rice production.

From Table 3, the regression reported an R squared of 0.049.
This means that the average annual temperature is can
account for 4.9% of the variations in the annual quantity of
rice produced. About 95.1% of the variations in the quantity
of rice produced annually cannot be accounted for by the
average annual temperature. The correlation coefficient is
0.158. This means that there is a weak relationship between
temperature and rice production.

Table 5. Overall analysis.

ANOVA

df __SS MS F
Regression 2 81076.75449 405383772 5.985031
Residual 5 33866.47159 6773.29432
Total 7 61163.2692

The test of hypothesis indicated that climate change has no

impact on rice production in Nyanza district.* Degree of
freedom from numerator: 2, Degree of freedom from
denominator: 5, Level of significance is 0.05. Therefore,
Fisher table is 5.78614 and the Fisher calculated is 5.985031.

4. Discussion

Basing on the findings of previous studies [16, 17, 18], there
is possibility of harvesting increased rice production when at
the same time keeping abreast with climate change especially
rainfall. The increasing and decreasing rainfall must be
observed as a guiding principle. Otherwise, failure will
subsist. Rainfall is one of the inevitable factors of success in
rice production. It can be concluded that rainfall has a
significant effect on increasing or decreasing of rice
production. Similarly, this study also found that temperature
has no real impact on increasing or decreasing rice
production (Tables 3 and 4).

It is reported that temperature rise extends the growing
season and the farmable area; it causes earlier maturity of
grain and opens up for the growing/farming of new crops.
While the temperature rise is beneficial to the crops, the extra
heat also affects weeds. Weeds, pests, and insects tend to get
better living conditions under higher temperatures [4, 8]. The
increase in temperature also increases evapotranspiration,
which has a negative impact on crop yields. During the
growth cycle of the plant, water is needed at the initial stages
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of production, but not during the final stages. Low levels of
precipitation have a negative effect on the germination of the
seeds. Dry conditions, frequency and severity of dust storms
all result in decreased production of major grains [4, 8].

Rainfall also plays a major role in determining the overall
relationship between crop production and other factors such
as soil, water, and technology. This observation formed the
basis for recommending that a lot more efforts must be done
to improve crop production within the major season because
of less rainfall variability compared to the minor season. This
strategy can help increase crop production, food security, and
availability even as production in the minor season reduces.
Analysis of rainfall distribution and crop production could be
done using several models for a relatively high-humid agro-
ecological area.

Based on the results of this study, it was indicated that
rainfall variability in both seasons plays a major role in rice
production at Kibilizi sector where agriculture is generally
rainfed. Thus, as long as agriculture development extends in
Rwanda and for other most parts of the world, the absence of
mitigating measures and government decisions in handling
the problem of climate change leads to a huge decrease in
agricultural production, it is good to ensure appropriate
adaptation policies.

5. Conclusion

This study aimed to identify the relationship between climate
change and rice production in Nyanza district of Southern
Rwanda. The results indicated that increasing rice production
is possible when at the same time keeping abreast of climate
change especially the rainfall. However, the temperature on
the other side was found to have no significant impact on the
increase or decrease of rice production over the study area.
Therefore, the results suggest conducting more research on
rice resistant varieties to rainfall variability; invest in
capacity building for the vulnerable population both in terms
of designing adaptation measures as well as enhancing their
knowledge and understanding of policies and politics of
climate change. Finally, vulnerability analysis for all
cooperatives producing rice to identify the effect of climate
change on agriculture and the other sectors of the economy
are suggested.
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