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                                                                ABSTRACT  

  

Rwanda is affected by prolonged droughts leading to reduction in crop production and livestock 

production with severe food insecurity. Rain fed agriculture in Rwanda is affected by drought and 

variation in seasonal rainfall amounts within the last decades and climate change impacts have 

been reported in many areas of the country. Eastern Province is considered one of the most 

productive rain-fed agricultural areas in Rwanda, where it contributes more than 32 % of the 

cereals produced in the country. Therefore, the general objective of this work was to predict maize 

yields under reined agriculture by using AquaCrop model in Eastern province of Rwanda.  

Trend analysis was carried out on climatic parameters (1981-2016) such as the rainfall, maximum 

and minimum temperatures, evapotranspiration and maize yield (2002-2016). Results showed that 

rainfall trend was not significant over the study area, indicating non significant change in rainfall 

during the last decade.  Minimum and maximum temperatures had significant trends (increasing) 

over the study area, implying that the temperature has been rising over the last decade. Maximum 

and minimum temperature showed a negative relationship with negative correlation coefficients 

of -0.38 and -0.39 with maize yield respectively. This implies that an increase in temperature 

beyond the optimum level (low temperature below 8°C and high temperature of above 30°C) 

results in a decline in maize yield and vice versa. On the other hand Correlation analysis showed 

a positive relationship between maize yield and rainfall (0.57 and 0.59) for both Districts 

(Bugesera and Nyagatare) and maize and evapotranspiration (0.29 and 0.27). This means that an 

increase in rainfall enhances significantly or not maize production. 

Monthly results of coefficient of variation values indicated an increase in climate variability, which 

was shown by larger season to season fluctuations, with a higher coefficient of variation implying 

less predictability in the climate parameters. 

It was observed that 25.4% and 50.7% of the variability in maize yield could be explained by these 

climatic parameters (maximum and minimum temperature, evapotranspiration and rainfall) and 

was significant at p=0.024 and 0.0103.   

 The impacts of changes in climate parameters; temperature and annual rainfall, was determined 

by using comparisons between the observed data (past and present) and projected data (CNRM 
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Cordex Model).Climate variability results analysis revealed significant increase in minimum 

temperature of  9.88% and 13.09% (1.14 °C and 1.49°C ) for Bugesera and Nyagatare by 2046, 

while rainfall was projected to decrease by 20.65% and 20.97% (163.59 and 174.65 mm) for 

Bugesera and Nyagatare respectively over Eastern province area during the same period.  

The outputs of the study using AquaCrop model showed that by 2050, the study area’s seasonal 

rainfall (September-January) will decline by 233.6 mm (10.9%), The average predicted future 

simulated maize yield for September-January season (2021-2050) were 1282.3kg/ha and 1316.8 

kg/ha over Bugesera and Nyagatare areas respectively. Comparison with the observed maize yields 

for September-January season (2002 up to 2016) of 1675.5 kg/ha and 1760.9 kg/ha indicated there 

will be a decrease in future maize yields (23.4%) in Bugesera and (25.2%) in Nyagatare area. 

Seasonal temperature have significant impacts in maize yields, There were projected increases in 

minimum and maximum temperature by 1.20°C (4.55% and 4.54%) and 1.14°C (9.88% and 

13.09%) respectively for Bugesera and Nyagatare Districts. This implies that maize yield 

production will be very sensitive to reduction in rainfall and increase of temperature during the 

season over the study area. The extreme impacts of climatic parameters occurred over the last years 

was depicted and its associated effects on maize yields was done using correlation and regression 

techniques. Man Kendall Trend analysis and coefficient of variation estimates statistics was 

computed in order to quantify the magnitude of climate variability and change in climatic 

parameters and its direction.   
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CHAPTER ONE 

 

1.0 INTRODUCTION 

 

This chapter is subdivided into six sections namely, background information, problem statement, 

general objective and specific objectives, research hypothesis, justification of study and finally 

description of the study area. 

1.1 Background information 

Rwanda is defined as a sub-Saharan country where the region’s water scarcity problems are the 

major challenge. However the results are more severe in dry areas of the country. The Eastern 

province is among part of regions that experience little amount of rainfall in Rwanda with high 

risk of food security. 

Rwanda is among tropical countries; its high altitude implicates the climate temperate. On the top 

of mountains, frost and snow are possible. There are influenced two rain seasons (March to May 

and mid-September to mid-December) and two dry periods determined by occasional light rains. 

The average annual rainfall varies between 750mm to 2200mm annually. The lower amount of 

rainfall allocates in the northeastern region of the country (750mm); while in the northwestern and 

southwestern areas of the country it is about 2200mm. The average annual temperature is all most 

around 20°C over the country. Daily temperature perturbations are influenced by landscape. The 

lapse rate is about 0.56°C per 100m (MINAGRI, 2006). 

To raise up crop production in the eastern province of the country, irrigation water is highly needed 

but is extremely inefficient (Scarcity). Furthermore this province is among recognized as driest 

and hottest of the country (MINAGRI, 2006). Eastern province has usually some challenge due to 

water availability that may be excluded through water storage and efficient use especially for 

domestic, Irrigation water and hydropower development. The first step is the developing and 

implementing water management through water harvesting techniques for maximum growth of 

different crops species. 
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1.2 Problem Statement 

Agriculture in Rwanda is based on rainfed and because of this, farmers follows a cropping seasonal 

calendar.  There are mainly two rain seasons starting from March to May and Mid-September and 

mid-December. As a tropical region, Rwanda is affected by prolonged droughts leading to decrease 

crop production as well as livestock production and when the amount of rainfall decreases there is 

usually severe food insecurity problems.  

Poverty and hunger are the major challenges especially in the Eastern part of Rwanda, that subject 

under nutritional climatology conditions. However, the large proportion of arable land is under 

water scarce areas subject to recurrent dry spells. Such short and recurrent periods of prolonged 

drought during crop development stage is key of yield reduction. 

Thus, this research work will provide a tool which use for predicting yield for maize production. 

The knowledge generated over the study area could be utilized for climate and monitoring as 

agriculture risk management tool in the projection on maize yield production over the study area. 

As parts of the country, Eastern region faces similar challenges. The total annual production and 

consumption of maize yields do not satisfy population needs. The majority of land users is 

depended on rainfall patterns. In this drought prone dry lands there are several problems related 

both due to rainfall characteristics (poorly temporal distribution and high rate of evaporation), soil 

and plant species problems originating from mainly dry spell damages and nutrients deficiency. 

This research work therefore aims to validate the AquaCrop model for predicting maize yields 

under rainfed agriculture. 

1.3 Objective of the Study 

The mainly objective of this study is predicting maize yields in Eastern province of Rwanda using 

AquaCrop model under rainfed agriculture. The specific objectives are:                  

1 To determine the spatial and temporal variability and trends of climatic parameters and 

Maize yield over Eastern province of Rwanda. 

2. Determine the relationship between climatic characteristics and Maize yield over Eastern 

province of Rwanda. 
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3. Predict maize yield based on future climate variability and change over Eastern province 

of Rwanda using AquaCrop and multiple regression Models.  

1.4 Research hypothesis  

There are three hypotheses to be tested in this study  

1. There is no significant change in both temperature and rainfall 

2. The expected future change in mean rainfall and temperature patterns, and variability of 

extreme events has no effect on the Maize yield 

3 AquaCrop model is useful tools for   predicting maize crop during growing season over 

Eastern province of Rwanda.  

1.5 Justification of the Study 

 

In Rwanda, agriculture is one of the main pillars of the national economy. In last year’s rainfed 

agriculture has been affected significantly by climate change and variability, which may lead to 

reduction in agricultural productivity by reducing the suitable productive parts. Thus research work 

on validation of AquaCrop model by comparing the different climatic parameters estimates and 

their resulting for enabling model to better track agriculture drought and estimates yield prediction 

over the study area. The climatic parameters are usually decreasingly or increasingly a major 

constraint for agriculture production while their adaptation techniques is still low in Rwanda.. 

This research carried out as a contribution to the National Economic Development and Poverty 

Reduction Strategy (EDPRS) that aims on leading agricultural production though reducing soil 

erosion control and environmental conservation from further degradation (MINECOFIN, 2008). 

The national strategy is formulated toward helping framers to be aware on adaptation practices 

against negative and costly problems of land degradation and water management. Moreover , 

Eastern province is one of the most productive area of the country and any research to analyze the 

impact of climate variability and change for predicting maize yield production is mainly in right 

direction. This work can help the Government to come out with organizational structures to assist 

farmers supplement their efforts towards achieving it objective of fighting food insecurity and 

poverty reduction (hunger).  
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1.6 Description of the Study Area 

 

Rwanda is a tropical country and located in the sub-Saharan African countries. It shares 

boarders with Tanzania in East and South-East, Burundi in South, Democratic Republic of 

Congo in West and Uganda in the North.  Generally with a total area of about 26,338 km2 of 

which 14,000 km2 are arable and with a population of over 11.21 million as published in 2017. 

Figure 1 shows the Administrative map of Rwanda. 

 

Figure 1: Administrative map of Rwanda (www.statistics.gov.rw) 

1.6.1 Relief 

 

Rwanda relief is dominated by mountainous and hilly with an altitude ranging about 900 m to 

4507 m. This relief is characterized by Congo Nile Ridge overlying Lake Kivu with an elevation 

ranging about 2500 m to 3000 m. It is occupied by five volcanic on which the highest is named 

as Karisimbi with an altitude of 4507 m  in Northwest, central plateau shows a relief of different 

hills with an elevation varying around 1500 to 2000 m.       
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 Lowlands are characterized by a depression dominated by different hills with a less or more 

round trip top with an altitude about 1000 to 1500 m in Eastern part. Lowlands (plain of 

Bugarama) has an elevation of 900 m as the result from tectonic depression (African Rift valley) 

in the South-Western. Figure 2 shows the agro - ecological zones of Rwanda. 

 

Figure 2: Agro - ecological zones of Rwanda defined by MINAGRI,  

1.6.2 Climate 

Rwanda has a tropical temperate due to its landscape. The average annual temperature are about 

16oC to 20oC, without significant variability. Rainfall distribution has always irregularities. 

Winds speed are usually about 1 to 3 m/s. Higher regions of Congo-nil ridge, temperatures 

varies  around 15oC to 17oC with abundant rainfall. The volcanic region is characterized by 

lowest temperature, it can leads below 0oC within different local climate. Areas under 

intermediary altitude, Annual temperature range around 19oC to 21oC and an annual rainfall 
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about 1000 mm/year. Rainfall irregularity provides prolonged drought periods over Eastern and 

South-Eastern (lowlands) where the temperature is beyond 30 oC in February and July-August.  

This region is dominated by lower abundant rainfall with around 700 to 970 mm/year 

(MINIRENA, 2010). 

The intertropical convergence zones (ITCZ) is the main synoptic features scale system 

controlling rainfall (Lunga et al., 2016). ITCZ is characterized by low pressures, maximum 

humidity and the convergence of winds, it passes twice per year and provides two different 

rainy seasons in (mid-September to December) and other in (March to May). Moreover, the 

diversity of the Rwanda topography and moderating effect of Lake Victoria by maintaining 

some rainfall along season from March to May. 

The rainfall is normally well distributed along the year with some irregularities. South-East and 

Eastern part are more accredited by severe droughts while the Western and Northern areas are 

dominated by abundant rainfall that usually manifests erosion, landsides and flooding 

(MINAGRI, 20016). Figure 3 shows the temperature distribution in Rwanda (latitude 19.94030S 

and 29.87390E as longitude). 

   



7 
 

 

Figure 3: Temperature distribution in Rwanda (MINAGRI, 2006) 

1.6.2 Soils 

The soil of Eastern province of Rwanda is characterized by the tightness of the humifere layer of 

the soil brought about the grassy savanna and by the vertisoils properties that are rich in mineral 

nutrients but lacking organic substances. In additional these soils, considered suitable for 

agricultural and Livestock production. Figure 4 shows soil map of Rwanda accordingly to soil 

taxonomy classification by USDA. 
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Figure 4: Rwanda soil map. Soils are classified using the USDA soil taxonomy (source: 

Data collected from MINAGRI, using the Rwanda soil database) 

doi:10.1371/journal.pone.0107449.g005. 
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.0 INTRODUCTION 

This chapter gives all the details of the information and sources from different published papers, 

journals and thesis as well focusing to growth and development of maize crop and some details on 

AquaCrop model. 

2.1 Origin and Geographical distribution of Maize   

The primary origin of maize is considered by most institutions to be the Central America and 

Mexico, where the many diverse types of maize are found. The discovery of fossil maze pollen 

with other archaeological proof in Mexico that explains Mexico to be the native maize. Maize crop 

is cultivated throughout the worldwide between 400S to 580N latitude. Maharashtra are mainly 

important states of maize production (FAO, 2011) 

Maize is the mostly valuable crop in the world in terms of yield production compared to wheat and 

rice are also the always important as directly human and animal feedings. Maize seeds are 

consumed by humans directly or after processing and are involved as major highlighted to 

livestock feeding, alcohol as biofuel and vegetable oil are mostly extracted under maize grains. 

Total area occupied by cereals and the yield/ha have been changed over time, annual production 

was 819 million tons by 2009 (FAO, 2011). The yield production of wheat and rice for each year 

are around 16% lower than maize, with rice cultivated although  same size of area as maize and 

wheat cultivated on 30% more than maize crop. Generally all the maize yielding are hybrids. 

2.2 Growth and Development of maize  

Maize leaves parts are developed and expanded accordingly to their position with the nodes on the 

stem. Cultivars change with the number of leaves largely depending on their life-cycle, the mostly 

number of high-yielding cultivars ranges between 18-22 leaves (Rhoads and Bennett, 1990). 

Because few leaves always covers the smaller leaf area per crop, short seasonal cropping usually 

require to be cultivated at  an adequate density for  reaching  the maximum canopy cover (CCx) 

as a long-seasonal cultivars.  
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 Areas with limited rainfall or no irrigation, or poor soil mineral substances, crop population can 

be decreased to match for availability resources. As a C4 plant, the growth and development of 

leaves is higher for reaching to maximum Canopy Growth Coefficient (CGC) (Rhoads and Bennet, 

1990) 

2.3 Water, Soil and Climatic Requirements of maize crop  

Maize crop is sensitive to both moisture stress and excessive moisture, hence irrigation should be 

regulated according to the requirement. Should be ensured Optimum moisture availability during 

the most critical phase (45 to 65 days after sowing); otherwise yield will be reduced by a 

considerable extent.  Irrigation according to the following growth phase of the crop. Critical stages 

are, 6th leaf, late knee high, tasselling, 50% silking and dough stages. Tasseling and silking are 

most critical stages and water stress during these stages reduces the maize yields considerably. 

About 600-700 mm is needed for 100 days crop. Deep, fertile, rich in organic matter and well 

drained soils are the most preferred ones for the crop; however, maize can be grown on a variety 

of soil type (Ayers and Westcot, 1985) 

 The soil should be medium textured with good water holding capacity. The crop is very sensitive 

to water logging and since it is mainly grown during rainy season, care should be taken to assure 

that water does not stagnate on the soil surface for more than 4-5 hours. Loamy or silty loam soil 

or silty clay loam soil having fairly permeable sub soil are ideal soil types. Thus, the ideal soil is 

neither clayey nor sandy and has a pH between 6.5 and 7.5 along with an exchangeable ion capacity 

of around 20 milli-equivalent/100g, base saturation of 70-90%, bulk density of about 1.3 g/cc and 

water-holding capacity of about 16cm/m depth responses (Bradford and Hsiao, 1982).   

The Maize requires temperatures ranging from 9°C to 30°C (9°C as minimum temperature and 

30°C as maximum temperature) from planting to emergence. During emergence to silking, leaf 

number increases with temperature and photoperiod. Time to tassel increases as the diurnal 

variation increase from 0-17°C. Maximum rate of maize growth is at 30°C. The longer the grain 

filling period, the higher the grain yield provided no freezing temperature. The higher the solar 

radiation, the higher will be the photosynthesis rate in maize (de Wit, 1958; Steduto et al., 2007). 
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2.4 Harvesting and Yield of Maize  

In the last few decades maize grain has raised in the world, much of this raising up is because of 

higher planting population, improved fertility, maximal irrigation and maximum canopy cover, 

late- maturity regarding to life cycles. Yield of about 17 tons/ha for late- maturity maize, grown 

with availability of mineral substances and water under favorable environmental conditions with 

sustainable weed and pest management, published in different research and farm tests. In farm 

yields about 11 to 14 tons per hectare are usually harvested under optimal irrigation and higher 

fertilization management (Caldwell and Hansen, 1993). 

2.5 Maize Plant Properties and Uses  

Maize crop is defined as staple human food, livestock feed and others industrial uses. I contains 

more starch (65%). Maize is divided into different two categories of millets. Wet millet provide 

industrial starch. Therefore manufactures numerous transformed maize starch for sizing, laundry 

and textile finishing. Dry millet is harmonizing process for maize meal and livestock feeding, 

distilling industries and fermentation. It can be alternate crop to wheat and rice. Almost 35% 

production for human consumption, 25% cattle and poultry feeding, 5% industrial food processing 

(Hillel and Vlek, 2005). 

2.6 Relationship of Maize yield and climate parameters  

Agriculture drought occurs when there is in adequate soil moisture and evapotranspirative 

demands was not enough to initiate and sustain crop growth. Therefore, soil water deficit and plant 

water available is not sufficient for optimal plant growth. The deficit rainfall influences the maize 

crop in its different development stage (Dutra et al., 2012), and leads to malfunction and deficiency 

topsoil moisture at sowing time and resulting in significantly reduction of Yields (wilhite et al., 

1985). The sector of economic agriculture is mostly affected by prolonged drought especially if 

the deficit soil moisture is associated by high temperature and strong winds. The lowlands are 

expected to record a decreasing trend in major food crops yields as result of observed decreasing 

trends in mean rainfall and frequency. The projected increase in crop yields during long rains 

season for cereals crops (maize, rice and rice)  are in the correlation to increase in climatic 

parameters such as (rainfall, temperature and evapotranspiration). 
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2.7 Modeling Crop Production 

AquaCrop model was formulated by the Land and Water Division of FAO and published for use 

in 2009 (Steduto et al,. 2009; Raes et al,. 2009a). One of the important key features of AquaCrop 

model to simulate attainable crop biomass and harvestable yield in response to the water 

availability of the major herbaceous crops. It facilitates for developing efficient strategies through 

conserving water resources for sustainable agriculture. 

The model flow chart relationship between the plan-soil –atmosphere systems makes it totally 

complicate for one to explain how much water is required for optimum growth of crops. However, 

simulation models can greatly help us to understand the interrelationship of factors within the 

system. Models harmonize the processes in the real system and predict variables at every stage in 

the simulation. In recent year, simulation models are widely used to innovate solutions for water 

management problems. AquaCrop model however needs to be calibrated and validated for local 

crops with regard to local soil characteristics and climate. CropSyst depends on radiation and water 

driven modules, while the WOFOST is used to simulate plant growth implying a driven carbon its 

fraction to intercept soil radiation (Todorovic et al., 2009). However, it was advised that under 

limited inputs and yield prediction accordingly to water users conditions, researchers are preferred 

to utilize the AquaCrop model as simplest model over other complex models. Figure 5 shows the 

flow chart of the AquaCrop model, showing the function relationship between the different model 

components. 
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Figure 5: AquaCrop model flow chart and the relationship between the model components 

(Raes et al., 2009a) 

2.7.1 Soil Water Balance  

The principle of water balance is a removal or a transport within the soil-plant-atmosphere of the 

inputs and outputs of water. The water balance diagram, whether it is an agricultural field, 

watershed or continent, can be characterized by computing the input, output and storage changes 

of water on the earth’s surface (Ines et al., 2001). The major input of water is derived from 

precipitation and irrigation and outputs is evapotranspiration ((Steduto et al,. 2007; 2009). 

2.7.2 Evapotranspiration  

Evapotranspiration (ET) is defined as an important component of water cycle and is divided into 

two sub-processes: evaporation from vegetation and soil surfaces and transpiration that allows of 

the exchange of moisture and the plant and atmosphere through plant leaves (stomata). The 

evapotranspiration can be difficult to quantify accurately, especially at large spatial scales, several 

hydrological modeling practices have been innovated to estimate actual evapotranspiration by 

using satellite remote sensing (Bastiaans et al., 2003; Allen et al., 2007; Senay et al., 2007). 
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CHAPTER THREE 

                                        DATA AND METHODOLOGY 

 

3.0 INTRODUCTION 

 

This chapter gives the details of the type, duration and sources of the data as well as the 

methodologies that is used to achieve the specific objectives of this study. 

3.1 Data 

3.1.1 Climate Data  

The climate datasets that were utilized in this study are daily maximum and minimum temperatures 

(1983-2016), rainfall (1983-2016) and evapotranspiration (1983-2016) from agro-meteorological 

stations in Eastern province of Rwanda. These datasets were obtained from Rwanda 

Meteorological Agency, Carbon dioxide concentration data was retrieved from the FAO manual, 

Mauna Loa Observatory (MLO). 

3.1.2 Crop data  

The required crop datasets included crop type (maize), time of planting emergency for 90% initial 

canopy cover, planting density phonological states (emergence,flowering,maturity,haversting) and 

length of growth cycle from (2002-2016). These data were obtained from Rwanda Agriculture 

Board (RAB), Ministry of Agriculture and Animals Resources (MINAGRI) and National Institute 

of Statistic of Rwanda (NISR). 

3.1.3 Soil data  

The soil data included soil type, soil texture, root depth and water balance. These datasets are 

obtained from Rwanda Agriculture Board (RAB) in Rwanda and other from Food Agriculture 

Organization (FAO) manual. 

 

3.1.4 Management data   
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In the Eastern province of Rwanda the method of planning as practiced by framers is not 

documented. Therefore, default values of management input data in AquaCrop is in relation to 

rainfed, fertilizer application and land use were used. 

3.1.5 Model data  

 

In this study simulated monthly rainfall and temperature data from CORDEX RCMs will be used. 

The datasets are quality controlled and may be used according to the terms of use (http://wcrp-

cordex.ipsl.jussieu.fr/). The spatial grid resolutions of all simulated data is about 50km (0.44o) 

over CORDEX Africa domain.  The data set to be used is 1980-2000 and GCMSs over Africa will 

be tested, RCP 4.5 and 8.5 will be used. The detailed description of CORDEX RCMs, their 

dynamics and physical parameterization will be used according (Nikurin ,2012  and (Luhunga et 

al., 2016) in his test of CORDEX –Africa, to simulate rainfall in  Tanzania. 

 3.2 Methodology   

 

 3.2.1 Estimation of missing data and quality control   

 

There are several methods to estimate missing weather data. The chosen method depends on the 

nature of missing data (spatial or temporal). The study employed correlation and arithmetic mean 

method because of the few missing data among data sets through the below formula showed in 

Equation1: 

𝑥𝑖 = 𝑥𝑜 
𝑥�̅�

𝑥𝑜̅̅̅̅    
………………………………………… (1)                                         

Where Xi is the estimated data 

Xo is the data of the station with highest correlation with station whose data is missing, while 

𝑥𝑜̅̅ ̅  represent the mean value for the station with complete data 

𝑥�̅�  is the mean value for the station with missing data  

The contingency rainfall, temperature and maize yield datasets were tested by using the Standard 

Normal homogeneity Test (SNHT). 
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The SNHT (Standard Normal homogeneity Test) was developed by Alexanderson (1986) to detect 

a change in series of all climatic datasets. The test is applied to series of ratios that compare 

observations of measuring station with the average several stations.  

 

 3.2.2 Determining the Trend and Variability of Climate Parameters and Maize  

 

The statistical techniques used for trend analysis can be either parametric or non-parametric. For 

parametric method, the coefficient of variation is used to check the variability of climatic 

parameters while the Mann Kendall Test is used to determining the trend of climate parameters 

for non-parametric method. The coefficient of variation and Mann Kendall techniques are 

discussed in the next sub-section. 

 3.2.3 Mann Kendall Test    

 

The Mann Kendall (MK) Test help to statistically assess if there is a monotonic upward or 

downward trend of the variable of interest over time (Kendall, 1978). A monotonic upward 

(downward) trend implies that the variables constantly increases (decreases) with either a linear or 

nonlinear trend (Hirsch, et al., 1982) pointed out that the MK Test is best utilized as an exploratory 

analysis and is mostly used to differentiate stations where changes are significant or of large 

magnitude and to quality these findings. 

𝑺 = ∑   

𝒏−𝟏

𝒊=𝟏

∑ 𝐬𝐠𝐧(𝐗𝐣 − 𝐗𝐢) … … … … … … … … … … … … … … … … … … … … … … (𝟐)  

𝐧

𝒋=𝒊+𝟏

 

Where Xi and Xj are sequential values data and n is the length of datasets. If S is positive, 

observations recorded later tend to be larger than observations done earlier. If S is negative, then 

the observations provided later tend to be smaller than observations done earlier 
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3.2.4 Coefficient of variation    

 

Coefficient of variation (CV) was used for determining variability in temperature and rainfall was 

applied to meteorological datasets. The coefficient of variation (CV) is a statistical measure of how 

the individual data points vary about the mean value (Trendberth, 1984). Coefficient of variation 

was calculated by dividing the standard deviation by the mean. Values less than 1 explain that the 

data form are relatively close group about the mean. Values larger than 1 explain that the data 

show a greater degree of scatter about the mean.  

Coefficient of variation (CV) = (Standard deviation/Mean) x100………………………….. (3) 

 

3.2.5 Determining the Relationship between the Weather parameters and Maize Yield    

 

 To determine the relation between the climate data and maize yield production, there are several 

statistics tools or techniques, which can be used but this study adopted correlation and regression 

techniques. Focus was made on annual data (1981-2017) to understand how the events impacts on 

maize yields. 

3.2.6 Correlation Analysis    

 

This method provides interrelationship within two variables. The Pearson correlation coefficient r 

is a measure of the linear relationship between two attributes or columns of data. The value of (r) 

range from -1 to +1. The value of r near 0 indicates little correlation between variables, a value 

near -1 to +1 indicates a high level of correlation. For this study, the value of r were computed 

using the Pearson correlation coefficient equation.   

𝒓 =
∑ (𝑿𝒊−�̅�)(𝒀𝒊−�̅�)𝑵

𝒊=𝟏

[∑ (𝑿𝒊−�̅�)𝟐 ∑ ((𝒀𝒊−�̅�)𝟐 𝑵
𝒊=𝟏

𝑵
𝒊=𝟏 ]

 ½………………………………………….. (4) 

Where r is correlation coefficient, X is independent variable and represent the Temperature, 

Rainfall, and evapotranspiration. Y is dependent variable and represents the maize yield �̅� and �̅�  
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are the mean of independent and dependent variables respectively. i=1, 2, 3…..N where N is 

number of variables. 

To test the significance of the correlation coefficient obtained, Student t Test as shown in Equation 

5 was used.  

𝒕 = 𝒓 √
𝐧−𝟐

𝟏−𝒓𝟐
    ………………………………………………………. (5) 

Where: t is the absolute student t statistic, r is the correlation coefficient obtained from equation 4, 

n is sample size, n-2 is degree of freedom 

 

3.2.7 Multiple Regression Analysis   

 

Multiple regression is a simple linear regression in which more than one independent variable (X) 

is used to predict a single dependent variable(Y). The response of Yn formulated though Equation 

6 below: 

Yn= b0 + b1X1 + b2X2+…+bnXn………………………………………… (6) 

Where Y is the dependent variable bo is an intercept, b is coefficient of independent variables X 

and n refers to the nth observation. 

 

3.2.8 AquaCrop model for maize yields prediction  

  

To model Maize yield predicting, the AquaCrop model was used.  The AquaCrop model utilizes 

daily climatic (rainfall, temperature, reference evapotranspiration and carbon dioxide 

concentration. S=as inputs data. The combination of these climatic variables were used to make 

climate files for the base e year and the year under climate variability. In AquaCrop, the inputs 

were saved in climate, type of crop, soil type, management (irrigation) and initial soil water 

condition files (Raes et al., 2009a). Those model parameters that do not change with time such as 

normalized water productivity (WP*), canopy development coefficient (CDC),harvest index (HI), 

and actual transpiration (Ta) was named conservative (nearly constant).Detailed description of the 

model was given by Steduto et al.,2009). This model was run to simulate crop growth and data 

and data generated was compared with measured datasets. 
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    3.2.9 Modelling Crop Production    

 

Parameters and input data as in other crop models, AquaCrop consist of soil-plant-atmosphere 

continuum. The climate component requires daily weather data on maximum and minimum air 

temperature, rainfall, reference evapotranspiration (ETO) and carbon dioxide concentration (CO2). 

These data were collected from agro-meteorological-stations based in Eastern province of 

Rwanda. The daily ETo was computed though FAO ETo calculator version 3.2, as software based 

on FAO Penman-Monteith Equation (Version three, January 2009; Raes et al., 2009b).  This 

method is the widely recommended standard equation for computing ETo (Allen et al., 1998).  

Daily inputs for FAO ETo Calculator are maximum and minimum temperatures based on actual 

measured weather data during plant growth. The simulation results of AquaCrop estimates the 

biomass and expected crop yield for a specified environmental and climate. 

 

3.2.10 The performance of CORDEX- RCMs in simulating climate over Rwanda  

 

The ability of CORDEX RCMs to simulate Rwanda rainfall and temperature data will be assessed, 

using Regional Climate Model Evaluation System (RCMES). This system is a  suite of software 

resources to standardize and streamline the process by interacting with observational data and 

climate Regional Climate Models (RCM) output  (Luhunga et al., 2016). 

The temperature and rainfall models output from CORDEX RCMs Africa will be compared to 

blended data (temperature and rainfall) from ENACTs dataset, hosted by Rwanda meteorology 

Agency. The CORDEX baseline to be tested I relation to observation data is 1980-2010. Some 

error analysis techniques such as BIAS, Root Mean Square Error RMSE) and Pearson correlation 

coefficient (r) will be computed and used 

Bias = 
𝟏

𝑵
∑ (𝑭𝒊 − 𝑶𝒊

𝑵
𝒊=𝟏 )     ………………………………………………………… (7)                                        

RMSE =√
𝟏

𝑵
∑ (𝑭𝒊 − 𝑶𝒊)𝟐𝑵

𝒊=𝟏   ……………………………………………………… (8)                                     

Where F and O in eq. (7) and (8) are the simulated and observed value respectively, while I refer 

to simulated and observed pairs and N is the number of those pairs.  Normalized bias and RSME 

will be calculated to compare simulated values and observed data. Normalized bias in equation (7) 
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gives eq. (9) which normalized bias (N Bias), and normalized eq. (10) gives equation (8), which 

normalized root mean square error (NRMSE).  

N Bias =
𝑩𝒊𝒂𝒔

𝑴𝒆𝒂𝒏𝑶𝒃𝒔𝒆𝒓𝒗𝒂𝒕𝒊𝒐𝒏
 × 100……………………………………………………… (9)                                     

This will test whether simulations values from RCM models underestimates or overestimate 

climate variables. N Bias is negative where simulations underestimate climate variables and 

positives where they overestimate. 

N RMSE = 
𝑹𝑴𝑺𝑬

𝑴𝒆𝒂𝒏 𝑶𝒃𝒔𝒆𝒓𝒗𝒂𝒕𝒊𝒐𝒏
 × 𝟏𝟎𝟎  ………………………………………………… (10)                             

Normalized RMSE will test the absolute error of climate model in simulating rainfall and 

temperature, the small value imply good model and vice versa. 

𝒓(𝑭,𝑶) =
∑ (𝑭𝒊−�̅�)(𝑶𝒊−�̅�)𝑵

𝒊=𝟏

√∑ (𝑶𝒊−�̅�)𝟐𝑵
𝒊=𝟏 √∑ (𝑭𝒊−�̅�)𝟐𝑵

𝒊=𝟏

 …………………………………………………. (11)                            

Equation (11) stands for Pearson correlation coefficient (r), which measure the relationship 

between simulated value and observation values. It is ranging from +1to 11, where positive value 

indicate good positive correlations between observed and model data, while negative values 

indicate perfect negative correlation between the two datasets 
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3.2.11 Conceptual framework for AquaCrop model 

Figure 6 shows the flow chart of conceptual framework and the different model inputs in 

AquaCrop model.  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Conceptual framework for AquaCrop model. 
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CHAPTER FOUR  

  4.0 RESULTS AND DISCUSSION  
 

This chapter summarizes the outcome from various analysis methods utilized to fulfil the main 

and specific objectives of this work. 

4.1 Data Quality control 

 

4.1.1 Estimation of Missing Data 

 

The climatic data sets (rainfall, maximum temperature and minimum temperature) of Nyagatare 

and Bugesera meteorological stations over Eastern province of Rwanda were available from 

(1981-2017), evaporation was calculated through ETO calculator version 3.2 produced in 

September 2012 by FAO. While the maize yield data was available for 15 years starting from 

2002-2016 within two districts (Nyagatare and Bugesera) over Eastern province without missing 

data (all climate datasets are gridded). 

 

4.1.2 Test for Data Homogeneity 

 

Bellow Figures 7 to 10 show the homogeneity test results, in which standard normal (SNHT) of 

these four climatic parameters (rainfall, maximum temperature, minimum temperature, and 

evapotranspiration) for Nyagatare and Bugesera stations  over Eastern Province were plotted 

against time. The plotted time series for rainfall indicated homogeneity for selected years from 

1990 to 2016 for Nyagatare and 1993 to 210 for Bugesera (Figure 7). Minimum temperature were 

same homogeneous from 1983 to 2015 for two Districts (Figure 9). Maximum temperature was 

found to be homogeneous from years 1983 to 2015 for Nyagatare and 1983 to 2005 for Bugesera 

districts (Figure 8) and SNHT for evatranspiration shows homogeneity from 1991 to 2015 for 

Nyagatare and from 1992 to 2014 for Bugesera. The above climatic parameters were used in this 

study, were homogeneous and the maize yield datasets used in this study was available from years 

2002 up to 2016. 
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Figure 7: Standard normal homogeneity test of rainfall for Nyagatare and Bugesera Districts 

over Eastern province from 1981 to 2017 

 
 

 

Figure 8: Standard normal homogeneity test of average maximum temperature for 

Nyagatare and Bugesera Districts over Eastern province from 1983 to 2016. 
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Figure 9: Standard normal homogeneity test of average minimum temperature for 

Nyagatare and Bugesera in Eastern province from 1983 to 2016. 
 

 

Figure 10: Standard normal homogeneity test of evapotranspiration for Nyagatare and 

Bugesera Districts in Eastern province from 1983 to 2016. 
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4.2 Variability of Climate Parameters and Maize Yield 

 

4.2.1 Trend Analysis 

 

The trend analysis was carried out for climatic parameters such as the rainfall, maximum and 

minimum temperatures, evapotranspiration and maize yield. Table 1 shows that, Maize yield 

(Figures 11 and 12) and rainfall (Figures 13 and 14) have an insignificant trend (decrease) for 

Bugesera and Nyagatare areas, because the calculated p-value was lower than significance level 

alpha=0.05, for rainfall almost equal or close to one. The other remaining climatic parameters such 

as maximum temperature (Figures 15 and 16), minimum temperature (Figures 17 and 18), mean 

temperature (Figures 19 and 20), evapotranspiration (Figures 21 and 22) showed a significant 

trends (increase) over the study areas, because the computed p-value were l than significance level 

alpha respectively. 

Table 1: Mann-Kendall trend test 

Districts Climate Parameters Computed  P-values  

 

Alpha (P≤ 0.05) 

Bugesera Maize yield 0.570 Insignificant 

 

Rainfall 0.941 Insignificant 

 

Maximum temperature 0.00934 Significant 

Mean temperature 0.00270 Significant 

Minimum temperature 0.00249 Significant 

Evapotranspiration 0.00414 Significant 

Nyagatare Maize yield 0.511 Insignificant 

Rainfall 0.824 Insignificant 

 

Maximum temperature 0. 0084 Significant 

Mean temperature 0.0071 Significant 

Minimum temperature 0. 00187 Significant 

Evapotranspiration 0. 00175 Significant 
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Figure 11: Mann Kendall Trend Analysis of Maize Yield for Bugesera over Eastern province 

from 2002 to 2016. 

 

Figure 12: Mann Kendal Trend Analysis of Maize Yield for Nyagatare District over 

Eastern province from 2002 to 2016. 
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Figure 13: Mann Kendall Trend Analysis of Annual Rainfall for Nyagatare District over 

Eastern province from 1981 to 2017. 

 

Figure 14: Mann Kendall Trend Analysis of Rainfall for Bugesera District over Eastern 

province from 1981 to 2017. 
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Figure 15: Mann Kendall of Annual Average Maximum Temperature for Nyagatare District 

over Eastern province from 1983 to 2016. 
 

 

Figure 16: Mann Kendall Trend Analysis of Annual Average Maximum Temperature for 

Bugesera District over Eastern province from 1983 to 2016. 
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Figure 17: Mann Kendall Trend Analysis of Annual Average Minimum Temperature for 

Nyagatare District over Eastern province from 1983 to 2016. 

 

Figure 18: Mann Kendal Trend Analysis of Annual maximum Temperature for Bugesera 

District over Eastern province from 1983 to 2016. 
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Figure 19: Mann Kendal Trend Analysis of Mean Temperature for Bugesera District over 

Eastern province from 1983 to 2016. 

 

Figure 20: Mann Kendal Trend Analysis of Mean Temperature for Nyagatare District over 

Eastern province from 1983 to 2016. 
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Figure 21: Mann Kendall Trend Analysis of Annual Average Evapotranspiration for 

Nyagatare district over Eastern province from 1983 to 2016. 

 

 

Figure 22: Mann Kendall Trend Analysis of Annual Average Evapotranspiration for 

Bugesera District over Eastern province from 1983 to 2016. 
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4.2. 2 Coefficient of Variation 

 

Analysis of coefficient of variation for climatic parameters 

CV was used to explain climate factor variability in Nyagatare and Bugesera Districts over Eastern 

province. Higher value of CV indicated a higher degree of scatter about the mean or climate factors 

from year to year. 

Monthly coefficient of variation values are shown in table below. Increase in climate variability 

was shown by larger year to year fluctuations, with a higher coefficient of variation implying less 

predictability in the climate. 

Table 2: Coefficient of variation of Minimum and Maximum Temperature, rainfall and 

Evapotranspiration for Bugesera and Nyagatare. 

Districts CV % 

of 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Bugesera Rain 0.9 1.5 1.1 0.8 0.5 1.0 3.1 2.9 1.4 1.6 0.8 0.7 

Tmax 7.5 9.2 8.1 7.7 6.1 5.3 4.9 5.8 6.2 10.1 9.7 9.0 

Tmin 6.7 7.4 6.4 6.7 5.9 6.2 6.8 8.4 7.6 10.1 8.9 7.1 

Eva 0.1 0.3 0.1 0.5 0.1 0.6 0.2 0.1 0.3 0.4 0.1 0.3 

Nyagatare Rain 0.7 1.6 0.8 0.9 0.6 1.0 1.9 4.3 1.1 1.0 O.7 0.6 

Tmax 8.0 9.8 9.8 8.3 7.5 6.2 6.0 6.9 10.2 11.3 9.3 11.7 

Tmin 5.8 8.9 6.8 7.6 5.8 6.7 10.3 8.6 9.1 8.1 8.0 7.6 

Eva 0.2 0.4 0.1 0.3 0.5 0.2 0.1 0.6 0.4 0.1 0.6 0.3 

Rain is Rainfall, Tmax is Maximum Temperature, Tmin is Minimum Temperature, and Eva is 

evapotranspiration.  

 

4.2.3 Seasonal Variation of Rainfall, Temperature and Evapotranspiration over Nyagatare 

and Bugesera Districts. 

 

Seasonal variations of average maximum and minimum temperatures, rainfall and 

evapotranspiration and, are plotted, analyzed and compared to show the variability of climatic 

parameters during the seasons of MAM and SOND. The Figures 23 to 26 show the significant 

variations of each parameter during these seasons for the area of study over the long term. These 

are in agreement with the patterns of coefficient of variations for the same seasons and climate 
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parameters in Nyagatare and Bugesera Districts. The maize planting season corresponds with 

September to December season when the region receives higher amount of rainfall (precipitation). 

 

Figure 23: Seasonal Rainfall during the Seasons of MAM and SOND for Nyagatare and 

Bugesera Districts. 

 

Figure 24: Seasonal Average of Maximum Temperature during the Seasons of MAM, and 

OND for Nyagatare and Bugesera Districts. 
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Figure 25: Seasonal Average of Minimum Temperature during the Seasons of MAM, and 

OND for Nyagatare and Bugesera Districts. 

 

Figure 26: Seasonal Average of Minimum Temperature during the Seasons of MAM, and 

OND for Nyagatare and Bugesera Districts. 
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4.3 Relationship between the Maize Yield and Climate Parameters over the Area of Study 

 

4.3.1 Correlation Analysis 

 

In order to evaluate the individual relationship between maize yield and the climatic parameters 

used in this dissertation, correlation analysis was calculated. Table 3 shows the correlation 

coefficient for climate parameters and maize yield for Bugesera and Nyagatare Districts over 

Eastern province. Significance of correlation was tested using student t and the values tabulated in   

Table (3) bellow. 

Table 3: Correlation results between maize yield and climatic parameters. 

Districts Parameters Correlation 

coefficient 

T 

Computed 

T 

tabulated 

Relationship 

description 

Bugesera Maize yield and 

rainfall 

0.57 2.420 2.179 Significant 

Maize yield and 

Maximum 

temperature 

-0.38 2.205 2.179 Significant 

Maize yield and 

minimum 

temperature 

-0.35 2.191 2.179 Significant 

Maize yield and 

evapotranspiration 

0.29 2.187 2.179 Significant 

Nyagatare Maize yield and 

rainfall 

-0.59 2.289 2.179 Significant 

Maize yield and 

Maximum 

temperature 

-0.39 2.260 2.179 Significant 

Maize yield and 

minimum 

temperature 

-0.36 2.195 2.179 Significant 

Maize yield and 

evapotranspiration 

0.27 2.181 2.179 Significant 
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Correlation analysis showed a positive relationship between maize yield and rainfall (0.57) over 

Bugesera and also between maize yield and evapotranspiration (0.29 and 0.27) over Bugesera and 

Nyagatare. This means that an increase in rainfall enhances maize yield production, while its 

decrease results in lower maize yield. A negative relationship between maize yield and rainfall (-

0.59) was obtained over Nyagatare. This implies that an increase or a decrease in rainfall beyond 

the maximum level results in a decline in maize yield production. On the other hand, the correlation 

analysis of climatic parameters over both Bugesera and Nyagatare (maximum and minimum 

temperature and, evapotranspiration) showed a negative relationship with correlation coefficient 

of -0.38,-0.35and -0.39,-0.36 with maize yield respectively. This means that an increase in 

temperature beyond the maximum level (high temperature beyond 30 0C and low temperature 

below 8 0C) results in a decline in maize production and vice versa. 

In order to examine the influence attributed to each of the climatic factors used in this study, a 

significance test was carried out. The results of the significance test for correlation coefficient are 

shown in Table 3. 

A strong significance variation between the four values of t for rainfall, temperature an 

evapotranspiration was observed and showed the significant influence.  This is evident through the 

computed t values being greater than the tabulated values. It is, therefore, concluded that rainfall, 

maximum and minimum temperature and evapotranspiration are crucial in maize production over 

the study area according to those outputs was carried out. 
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4.3.2 Multiple regression Analysis   

 

Multiple Regressions test was performed to determine how the climate parameters affect maize 

yield and Table 4 shows the equation of multiple line regression, p-values and the coefficient of 

determination (R2). Figures 27 and 28 is explained the relationship between actual maize yield and 

predicted maize yield for Nyagatare and Bugesera districts over Eastern Province. 

Table 4: Multiple Regression Models for Maize and Climate Parameters for Nyagatare and 

Bugesera. 

Districts Climate parameters Multiple regression 

model 

Coefficient of 

determination 

R2 % 

P≤ 0.05 

Bugesera Maize yield and 

rainfall,Tmax,Tmin 

and 

Evapotranspiration 

Y=5273.411-

1.023X1+32.731X2-

379.185X3+277.41X4 

0.254 0.024 

Nyagatare Maize yield and 

rainfall,Tmax,Tmin 

and 

Evapotranspiration 

Y=6687.568-

2.457X1+2969.826X2-

2104.16X3-

12566.95X4 

0.507 0.013 

Y is Maize predicted, X1 is Rainfall (mm), X2 is Maximum Temperature (oC), X3 Minimum 

Temperature (oC) and X4 is Evapotranspiration (mm). 
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Figure 27: Shows the Predicted and Actual Maize Yields due to combination of Rainfall, 

Maximum Temperature, Minimum Temperature and Evapotranspiration for Bugesera 

from 2002 to 2016. 

 

Figure 28: Shows the Predicted and Actual Maize Yields due to combination of Rainfall, 

Maximum Temperature, Minimum Temperature and Evapotranspiration for Nyagatare 

from 2002 to 2016. 
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The coefficient of determination (R2) was calculated to identify the relationship between maize 

yield and climatic parameters (Table 4). The result of analysis of multiple regression showed a 

high (25.4% and 50.7%) relationship between maize yield and climatic parameters   for Bugesera 

and Nyagatare areas. This means that the model explains 25.4% and 50.7% % of the variance of 

all variability of the response data around its mean over the study areas. 

It was observed that 24.5% and 50.7% of the variability in maize yield could be explained by these 

climatic factors (rainfall, maximum temperature, minimum temperature and evapotranspiration) 

and significant relationship result to combination of all those climatic factors and maize crop (p-

values were 0.024 and 0.013).Otherwise, there could be other factors which may also play 

important roles in  the process of maize production, such as solar radiation,  humidity, wind speed, 

soil temperature, rainfall distribution and modern agricultural practices 

(fertelization,irrigation,weed and pesticide control). 

 

4.4 Assessing Effect of Climate variability and change on Maize Yield 

 

To assess the effect of climatic variability and change on the maize yield, AquaCrop model was 

applied. Climate variability refers to the inter-annual variation of climatic parameters over area 

study. The AquaCrop model utilizes temperature, reference evapotranspiration, carbon dioxide 

concentration and rainfall as input datasets. The combination of all these variables were used to 

formulate climate files for the base year (2021-2050) and the years under climate variability.  By 

selecting the name of the crop and soil characteristic or type, the model automatically generated 

the soil data. 

4.4.1 Evaluation of CORDEX Model 

 

Two methods were utilized to test the accuracy of the CORDEX models in simulating the observed 

temperature and rainfall. The methods included correlation analysis and mean root square error 

(RMSE) with the results of each metric shown in the Table 5 and 6.The CNRM model was more 

accurate in simulating the observed variables relative to MIROC model. It also had high positive 

correlation of 0.56 for maximum temperature for Bugesera and 0.55 for Nyagatare with the 

observed as compared to other models. The CNRM model also had low RMSE of maximum and 

minimum temperature for Bugesera and Nyagatare (2.59, 2.85 and 2.51, 2.85). The study therefore 
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utilized projection datasets from CNRM model to evaluate the effect on future climatic variability 

and change for maize yield over Eastern province of Rwanda. 

Table 5: Correlation coefficients between the observed climate Data and cordex Generated 

modelling Data. 

Districts Climate Parameters CNRM 

 

MIROC 

 

Bugesera Rainfall 0.24 0.22 

Maximum Temperature 0.56 0.44 

Minimum Temperature 0.19 0.10 

Nyagatare Rainfall 0.30 0.30 

Maximum Temperature 0.55 0.43   

Minimum Temperature 0.09 0.03 

 

Table 6: RMSE between the Observed climate Data and cordex Generated modelling Data. 

Districts Climate Parameters CNRM 

 

MIROC 

 

Bugesera Rainfall 2.96 3.20 

Maximum Temperature 2.59 2.78 

Minimum Temperature 2.85 3.16 

Nyagatare Rainfall 3.35 3.79 

Maximum Temperature 2.51 2.96 

Minimum Temperature 2.85 4.12 

 

 

4.4.2 AquaCrop model validation 

 

In calibration of the AquaCrop model, climate parameters data sets from 2002 to 2016 as base 

period were used. Table 7 below shows the observed maize yields data used to compare the 

AquaCrop model simulated maize yields over Eastern province in the two districts of Nyagatare 

and Bugesera. The observed maize yields were closer to simulated maize yields over the study 

areas, where the highest value of observed maize yield was observed in 2011 and 2013 and the 

lowest value one in 2005 and 2007 over Bugesera and Nyagatare areas. While the highest value of 

simulated maize yield was observed in 2015 and 2014 and the lowest value one in 2006 and 2015 

over Bugesera and Nyagatare areas. 
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Table 7: Maize Yield Data used for evaluation of AquaCrop model. 

 

Figures (29 and 30) shows the scatter plot between observed and the simulated maize yields. There 

was showed a positive linear relationship between the observed maize yield and AquaCrop 

simulated maize yield for September to January season (A). The R2 values for Bugesera and 

Nyagatare of 0.426 and 0.373 indicated 42.6% and 37.3% of the variability in the AquaCrop 

simulated maize yield and observed maize yield values. Therefore, AquaCrop model is up to 

42.6% and 37.3% fit for prediction of maze yield. 

 

Years Observed 

Maize 

yield 

(kg/ha) in 

Bugesera 

Simulated 

Maize yield  

(kg/ha) in 

Bugesera 

Differences 

between 

observed 

and 

simulated  

((%))in 

Bugesera 

Observed 

Maize yield 

(kg/ha) in 

Nyagatare 

Simulated 

Maize yield  

(kg/ha) in 

Nyagatare 

Differences 

between 

observed 

and 

simulated 

(%) in 

Nyagatare 

2002 980 1572 60.4 1300 990 23.8 

2003 1400 1587 13.4 1000 937 6.3 

2004 1200 1597 33.1 1100 1018 7.5 

2005 900 1621 80.1 1000 990 1.0 

2006 1000 1540 54.0 960 1322 -37.7 

2007 700 1626 132.3 700 925 -32.1 

2008 1800 1630 -9.4 1800 1037 42.4 

2009 1250 1614 29.1 1300 1176 9.5 

2010 2760 1591 -42.4 1535 1111 27.6 

2011 1890 1624 -14.1 1415 1018 28.1 

2012 2515 1637 -34.9 1365 1150 15.8 

2013 1857 1641 -11.6 1813 977 46.1 

2014 1365 1672 22.5 1256 1255 0.1 

2015 1256 1693 34.8 1036 772 25.5 

2016 1106 1653 49.5 1104 1092 1.1 
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Figure 29: Relationship between Observed Maize Yield and AquaCrop Simulated Maize 

Yield for Bugesera District over Eastern Province. 
 

 

Figure 30: Relationship between Observed Maize Yield and AquaCrop Simulated Maize 

Yield for Nyagatare District over Eastern Province. 
 

For more clarification of relationship between observed maize yield and AquaCrop simulated 

maize yield, correlation analysis was been done. The results showed high positive linear 

relationship between observed and simulated values, these both correlation were statistically 

significant at 95% level of significance (P<0.05) 
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Table 8: Correlation coefficients between observed values and AquaCrop simulated maize 

yields for Nyagatare and bugesera Districts. 

Districts Variables Correlation coefficient P Value 

Bugesera Observed Maize yield and Simulated 

Maize yield 

0.081 

 

0.017 

 

Nyagatare Observed Maize yield and Simulated 

Maize yield 

0.132 0.016 

 

The Average Error (AE) calculated for maize yield were 154.6 and 209.6 kg/ha for Bugesera and 

Nyagatare over Eastern province. The positive average absolute indicate that the model over 

predicted the maize yield. To adjust this value of over prediction, the value of the AE was to be 

subtracted from each simulated value of future maize yield, to correct for the simulated future 

values of maize yield, and this served to validate the AquaCrop model for use in Bugesera and 

Nyagatare area. The AquaCrop simulated maize yield under climate change for the year 2021-

2050, for season September to over Bugesera and Nyagatare. Average Error obtained during 

evaluation and calibration of AquaCrop model (154.6 and 209.6 kg/ha for maize yield) was 

subtracted and the true values of the expected maize grain yield were obtained (Table 8). 

 

4.4.3 Variation of Climate Parameters due to the Effect of Future Climate Change 

 

For further evidences and demonstration of patterns and behaviours variation of climatic 

parameters due to effect of future climate change, Table 9 shows the comparison between the 

average of observed climatic parameters (maximum temperature, minimum temperature and 

rainfall,) from 2002 to 2016 and future climatic parameters for period from 2021 to 2050 The 

rainfall will be reduced during the next twenty nine years over Bugesera and Nyagatare area by 

14.84% (63.59 mm) and 11.34% (74.65 mm). While, it indicated high significant change will occur 

in maximum temperature over Bugesera and Nyagatare area during this period 4.55% (1.20 0C)   

and 4.54% (1.20 0C) the increase will happen in minimum Temperature under future climate 

change. Figures 31 up to 36 indicate the annual variation of observed climatic parameters and 

future climate dataset over study area. 
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Table 9: Comparison between the Averages of Annual Observed Data and Annual Future 

Data for Nyagatare and bugesera Districts. 

Districts Climate 

Parameters 

Average 

of 

Observed 

Data 

Average of 

Future 

Data 

The Change The percentage 

Change 

Bugesera Rainfall(mm) 792.04 628.45, 163.59 20.65% 

Maximum 

Temperature (0C) 

26.37 27.60 1.20 4.55% 

Minimum 

Temperature 

11.53 12.67 1.14 9.88% 

Nyagatare Rainfall (mm) 832.54 657.89, 174.65 20.97% 

Maximum 

Temperature (0C) 

26.40 27.60 1.20 4.54% 

Minimum 

Temperature (0C) 

11.38 12.87 1.49 13.09% 

 

 

Figure 31: Annual Variation of Observed Rainfall for Nyagatare and Bugesera Districts. 
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Figure 32: Annual Variation of Projected Rainfall for Nyagatare and Bugesera Districts. 
 

 

Figure 33: Annual Variation of Observed Maximum Temperature for Nyagatare and 

Bugesera Districts. 
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Figure 34: Annual Variation of Projected Maximum Temperature for Nyagatare and 

Bugesera Districts. 

 

Figure 35: Annual Variation of Observed Minimum Temperature for Nyagatare and 

Bugesera Districts. 
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Figure 36: Annual Variation of Projected Minimum Temperature for Nyagatare and 

bugesera Districts. 

 

The effect of change on the seasonal climatic parameters showed the seasonal rainfall will decrease 
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and 0.1.35 oC (11.7%) for Bugesera and 0.25oC (4.7%) and 0.1.23oC (17.6%) Nyagatare 

respectively by 2050, Table 10. This greater change in seasonal climatic parameters over study 

area agreed with the greater reduction of maize crop production will occurs in future and hence, 

Both rainfall and temperature are considered the crucial climate parameter in the process of maize 

cultivation during next decades for Nyagatare and Bugesera Districts over Eastern Province. 
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Table 10: Comparison between the Averages of Seasonal Observed Climate Data (1983-

2005) and Average of Seasonal Future Climate Data (2021-2050) for Nyagatare and 

Bugesera Districts. 

Districts Climate 

Parameters 

Average 

of 

Observed 

Data 

Average of 

Future 

Data 

The Change The percentage 

Change 

Bugesera Rainfall(mm) 643.60 445.04 198.56 30.85% 

Maximum 

Temperature (0C) 

26.43 27.4 0.97 3.7% 

Minimum 

Temperature 

11.49 12,84 1.35 11.7% 

Nyagatare Rainfall (mm) 715.58 502.54 213.04 29.77 

Maximum 

Temperature (0C) 

26.35 27.60 1.25 4.7% 

Minimum 

Temperature (0C) 

12.7 14.93 1.23 17.6% 

 

4.4.4 Predicted Future Maize Yield under climate change 

Table 11: Maize Yield Data used for evaluation of AquaCrop model. 

Years Simulated Maize 

yield  (kg/ha) in 

Bugesera 

Simulated Maize 

yield  (kg/ha) in 

Nyagatare 

Years Simulated Maize 

yield  (kg/ha) in 

Bugesera 

Simulated Maize 

yield  (kg/ha) in 

Nyagatare 

2021 1348.2 1556.4 2036 1293.0 1737.0 

2022 1348.2 1595.2 2037 1423.8 1681.0 

2023 1470.9 1558.9 2038 1587.8 1781.5 

2024 1278.1 1589.5 2039 1227.4 1804.1 

2025 1453.6 1624.5 2040 1517.8 1793.5 

2026 1420.7 1643.7 2041 1524.2 1806.8 

2027 1368.1 1640.9 2042 1367.4 1806.7 

2028 1313.5 1640.7 2043 1581.4 1793.2 

2029 1572.3 1626.4 2044 1175.8 1788.1 

2030 1364.1 1681.9 2045 1201.8 1895.4 

2031 1368.0 1673.9 2046 1649.6 1795.4 

2032 1410.1 1680.3 2047 1573.2 1784.9 

2033 1155.6 1739.7 2048 1641.9 1843.3 

2034 1428.5 1751.3 2049 1628.5 1790.2 

2035 1569.9 1682.8    
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The average predicted future simulated maize yield for September-January season (2021-2050) 

were 1282.3kg/ha and 1316.8 kg/ha over Bugesera and Nyagatare areas respectively. Comparison 

with the observed sorghum yields for September-January season (2002 up to 2016) of 1675.5 kg/ha 

and 1760.9 kg/ha indicated there will be a decrease in future maize yields (23.4%) in Bugesera 

and (25.2%) in Nyagatare area. 

Further, the regression of simulated maize yield against the future seasonal rainfall for maize crop 

of September-January season for all simulated years indicated to positive relationship between the 

future seasonal rainfall and future simulated maize yield (figure 37 and 38). Therefore, decrease 

in seasonal rainfall, is expected to decrease maize yield. The R2 value was much smaller for season 

September-January, since the past generally had more rainfall compared to the future. 

 

Figure 37: Relationship between Future Simulated Maize Yield and Future Seasonal 

Rainfall for Bugesera over Eastern Province. 
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Figure 38: Relationship between Future Simulated Maize Yield and Future Seasonal 

Rainfall for Nyagatare over Eastern Province. 

 

4.4.5 Variation of future simulated maize yield for Nyagatare and Bugesera Districts over 

Eastern Province. 
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2050). Which that indicated to the high variation of future maize yield though simulation period. 
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2044 and 2037 up to 2047, hence that, reveal clear picture for decrease of maize crop production 

under effect of climate change, will happen in future. 
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Figure 39: Annual Variation of Future Simulated Maize Yield for all Simulation Years for 

Nyagatare and Bugesera over Eastern Province. 

 

4.4.6 Multiple Regression Analysis 

 

The below Figures (40 and 41) show the multiple regression analysis output of the simulated maize 

yield and predicted maize yield for period from 2021 up to 2050 using future Climatic 

parameters(maximum and minimum temperature, rainfall and evapotranspiration) over Bugesera 

and Nyagatare area. 

The analysis revealed similarity in the patterns and behaviours of maize yield for the simulated 

yield and predicted maize yield over Bugesera and Nyagatare area. The variability in the future 

maize yield predicted from the climatic parameters (maximum and minimum temperature, rainfall 

and evapotranspiration) explains nearly 56.4% and 73.2% variability in the simulated maize yield 

as indicated by R2 value of 0.564 and 0.732 (Table12) over Bugesera and Nyagatare area. This is 

in agreement with the results between the observed maize yield and predicted maize yield for the 

same climatic parameters using dataset for period 2002 to 2016. 
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Table 12: Multiple Regression Models for maize and Future Climatic parameters for 

Nyagatare and Bugesera over Eastern Province. 

Districts Climate parameters Multiple regression model Coefficient 

of 

determinati

on R2 % 

P≤ 0.05 

Bugesera Maize yield and 

rainfall,Tmax,Tmin 

and 

Evapotranspiration 

Y=1856.049+12.68X1+38.930X2+

45.846X3-528.706X4 

0.564 0.01 

Nyagatare Maize yield and 

rainfall,Tmax,Tmin 

and 

Evapotranspiration 

Y=-2477.449+0.255X1-

4.485X2+170.936X3+475.920X4 

0.732 0.03 

Y is Maize predicted (kg/ha), X1 is Rainfall (mm), X2 is Maximum temperature (oC), X3 Minimum 

temperature (oC) and X4 is Evapotranspiration (mm). 

 

 

Figure 40: The Simulated (by AquaCrop Model) and predicted (by Multiple Regression 

model) Maize due to combination of Maximum and Minimum Temperature, 

Evapotranspiration and Rainfall over Nyagatare District. 
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Figure 41: The Simulated (by AquaCrop Model) and predicted (by Multiple Regression 

model) Maize due to combination of Maximum and Minimum Temperature, 

Evapotranspiration and Rainfall over Bugesera District. 
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CHAPTER FIVE 

 

5.0 CONCLUSSION AND RECOMMENDATIONS 

 

5.1 Conclusion 

 

Homogeneity test for climate data in the area of study was used, it indicated high homogenous for 

the period 1981 up to 20016 over study area. While the trend analysis results of climatic parameters 

indicated to significant trend (increase) for minimum and maximum temperature and 

evapotranspiration. However rainfall and maize yield, it had insignificant trends (decrease) over 

the study area. Also analysis results of coefficient of variance were explained, there are temporal 

variability for climatic parameters within the study area.   

The output of Aqua Crop model for future maize crop production over the study area, it was 

demonstrated the climate change will have greater negative impact in maize crop production over 

study area by the year 2050.           

5.2 Recommendations 

 

Based on this review, the following recommendation are forwarded: 

 If the predicted ,maize yield decrease according to the study results for future, the farmers, 

Field consultants ,government, water planners, policy analysts and scientist in the 

agricultural sector, they should adopt the strategies and decisions which will enable them 

to overcome the impacts of shortage in maize crop production will may happen in future. 

This may involve the identification of alternative livelihood sources and adoption of 

climate resilient crop varieties (seeds). 

  

 Agriculture has significant contribution for climate variability and change disruption but 

the attention given for this situation is low. So, there should be more research and 

awareness creation on this important. 

 

 

 

 Considering the current impacts of climate variability and change over the study area, it is 

recommended that farmers need external and support to effectively cope with changing 
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climate and to adapt to current and projected climate variability and change for their impact 

on maize yield production. Therefore Climate parameters play a central role in agriculture 

production which is mainly key of the Rwanda economy and community livelihood. 

 

 The uncertain in the future variability of rainfall and temperature calls for further studies 

and research in  the study area so as to explain and interpret the negative impacts of climate 

change that may happen. Therefore, the future studies and research in the same area should 

attempt to involve other different climate parameters, like relative humidity, solar 

radiation, soil temperature, wind speed and rainfall distribution, in addition, other abiotic 

or biotic factors like seeds variety, fertilizer application, and irrigation method needs to be 

understand for better estimation of rainfall and crop yields, to provide further verification 

and confidence.  
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