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ABSTRACT 

 

Crop production is increasingly under threat as rainfall becomes more erratic and unreliable due to 

climate change. The rainy season in Eswatini is mainly between October and March, but a variation in the 

amount of rainfall, onset and cessation of rainfall season, and dry spells has been lately threatening rain-

fed maize production. This study was meant to assess the degree of rainfall variability and its impacts on 

rain-fed maize production in Eswatini. Rainfall data for the years 1991-2021 from six weather stations 

representing the various agro-ecological zones in Eswatini was obtained from the Department of 

Meteorological Services. The degree of rainfall variability was then determined using the coefficient of 

variability (CV). Also determined was the relationship between rainfall and the maize production. This 

was done to determine how maize production responds to rainfall variability.  Maize production data was 

obtained from the FAO online platform, FAOSTAT. Results from the study indicated that in Eswatini 

there is moderate to high rainfall variability. The Middleveld and Highveld had a year-to-year variability 

of 25% and 23%, respectively which is classified as moderate while the Lowveld had high variability of 

34%. The seasonal rainfall was found to have a statistically significant relationship with nationwide maize 

production (in metric tonnes). The Pearson correlation coefficient (r) between seasonal rainfall and yield 

was found to be 0.68, which was tested and found to be significant (p<0.05), indicating a significant 

positive correlation.  

 

 

1.0 INTRODUCTION 

 

Climate is, with particular reference to rainfall, known to be changing worldwide and there has been 

growing concern as to the direction and effects of these changes on agriculture. Climate change has 

caused a shift in the seasonal variation of various weather parameters, and especially manifested as a shift 

in the normal timing and length of wet and dry season and increase in the seasonal fluctuation of rainfall 

[1]. The possibility for rapid and irreversible changes in the climate system exists, although there is a 

large degree of uncertainty about the mechanisms involved, also about the likelihood or time-scales of 



such transitions [2][3][4]. Rainfall variability, which is the degree to which rainfall amounts vary across 

an area or time [5], and also related to climate change, has been a major concern in crop production [6].  

 

The El Niño Southern Oscillation (ENSO), land surface changes and accumulation of greenhouse gases in 

the atmosphere are some probable causes of climate variability and change [7]. Greenhouse gases are 

accumulating in the earth’s atmosphere as a result of human activities, causing surface air temperatures 

and ocean temperatures to rise [8], which then contributes to climate change and variability. ENSO leads 

to variability of agro-climatic variables affecting vegetation and contributes to the seasonal crop yield 

variability [9]. 

 

ENSO explains changes in the tropical Pacific Ocean surface temperatures represented by the terms El 

Niño and La Niña . Such variations affect tropical weather patterns but can have a global effect [10]. El 

Niño and La Niña is the warming and cooling , respectively, of the sea surface temperatures in the 

equatorial pacific region which influences atmospheric circulation and consequently rainfall and 

temperatures in specific areas of the world [11]. At the Southern hemisphere, El Niño gives rise to below 

normal rainfall while La Niña gives rise to normal to above normal rainfall conditions [12]. This creates a 

high variability of rainfall patterns which results to uncertainties to which agriculture is exposed.   

 

Agriculture in Africa is more vulnerable to climate variability and change when compared to developed 

countries where crop insurance, irrigation and crop protection are used as adaptation strategies [13]. 

Climate change is projected to negatively impact maize yield in Southern Africa reducing its average 

yield by 18 % [14]. A reduction in maize yield is set to aggravate food insecurity in the region. One study 

showed that climate anomalies substantially affect crop yield variability in Eastern and Southern Africa as 

results showed a decrease by 20% and an increase of 11% of maize production in Southern Africa due to 

El Niño and La Niña respectively [15]. 

 

Agriculture is said to be the mainstay to the livelihood of the people of Eswatini. This is because the 

people derive their food and income from agricultural activities, either as small-scale subsistence farmers 

or as employees of medium and large-scale farms and estates [16]. Subsistence agriculture is 

predominantly rain-fed in rural areas of Eswatini which renders crop production more vulnerable to 

climate variability and change. Evidence reveals that the country has experienced shifts in the planting 

season, as well as frequent and unfavorable incidences of food insecurity that were largely attributed to 

droughts and extended dry spells [17]. Significant rainfall deficits or cessation at critical stages of crop 



growth have frequently led to a serious shortfall in crop production, especially maize, the staple crop in 

Eswatini [18]. 

 

The Kingdom of Eswatini’s Initial Adaptation Communication to the UNFCCC [17], has identified 

droughts, floods, storms and invasive species as climate hazards to the agricultural sector. Climate change 

in the form of increasing temperatures has created favorable conditions for the rapid growth and survival 

of invasive alien plant species. In the 2021 Market Assessment report [19], it was reported that there was 

a decline of maize production to 86,548 metric tonnes (MT) in 2019/20 from 95,998 MT from the 

2018/19 crop season, which was a decline of 10%, partly due to the outbreak of Fall Army worms. During 

the 2015 – 2016 season, over 630,000 people, which is more than half the population of Eswatini were 

affected by the El Niño -induced drought [20], which was declared a national emergency by the 

Government of Eswatini. During that drought, over 80 000 cattle died. Maize production dropped by two 

thirds from the previous year, contributing to 64 percent rise in the national average price for maize meal 

compared with the previous year [21]. 

 

Statistics on maize production and productivity from 1990 to 2009 show that Eswatini has not been able 

to meet maize requirements and the observed declines in production and yield coincided with the 

occurrence of low and/or erratic rainfall [22]. This is a challenge to the country’s effort of achieving its 

Sustainable Development Goal (SDG) 2 of ending hunger, achieving food security, improving nutrition 

and promoting sustainable agriculture. The Government of Eswatini may therefore need to strengthen the 

country’s resilience on food production under the current threat of climate change. This includes 

reviewing policies, investing on research and enhancing adaptation strategies.  

 

 

2.0 METHODOLOGY 

2.1 Description of study area  

The study was conducted in Eswatini found at latitude 26
○
 30 S and longitude of 31

○
 30 E. Eswatini is a 

landlocked country with a total area of 17 364 km
2
, neighbored by Mozambique to its east and by South 

Africa to its north, west and south. The country is divided into four agro-ecological regions characterized 

mainly by altitude and climate. From west to east are the Highveld, the Middleveld, Lowveld, and then 

Lubombo Plateau to the extreme east of the country. Climatic conditions of the Highveld are humid with 

annual rainfall ranging between 1000 mm and 1500 mm. The climatic conditions are conducive for the 

growing of a variety of crops and high yields are usually obtained due to adequate rainfall and moderate 

temperatures. However, the major constraint to increased productivity in this region is excessive leaching 



of nutrients resulting in inadequate soil fertility. The Middleveld has a sub-tropical rainfall average range 

of 762 to 1193 mm per annum. This climate is suitable for the production of a variety of agricultural crops 

including maize. The Lowveld is gently undulating with an average altitude range between 60 and 730 m 

above mean sea level. The Lowveld has semi-arid to arid climate with annual range of rainfall between 

508 mm and 890 mm and is prone to drought. The Lubombo plateau has a climate almost similar to the 

Middleveld and has an average altitude of 700 m above mean sea level [23]. 

 

2.2 Data collection 

The study was mainly quantitative whereby the data collected included rainfall data and maize yield data.  

 

2.2.1 Rainfall data 

The rainfall data was obtained from a total of six (6) weather stations. Two weather stations (Mbabane 

and Nhlangano) were selected from the Highveld, two (Malkerns and Matsapha) from the Middleveld and 

two (Mhlume and Big Bend) from the Lowveld. These stations were selected based on availability of data 

of acceptable quality. There was not enough rainfall data found for the Lubombo Plateau, although the 

climate is similar to that of the Middleveld. Also, the Lubombo Plateau occupies less than 10% of the 

total surface area of the country. Monthly rainfall data from 1991 to 2021 for all the meteorological 

stations were sourced for these weather stations from the Department of Meteorological Services.  

 

2.2.2 Maize production data  

The national maize production for Eswatini was obtained from the FAO online platform, Food and 

Agriculture Statistics (FAOSTAT). FAO uses questionnaires for data collection related to food and 

agriculture statistics and the feedback is received from the various countries for publishing in FAOSTAT 

on a regular basis [24]. The FAO statistics are mainly based on data supplied by national authorities and 

consequently the quality of the data depends on the input received [25]. The maize production data 

obtained covered a period of 30 years (1991/92 – 2020/21 maize seasons). The data obtained was 

nationwide maize production expressed in metric tonnes. 

 

2.3 Data analysis 

2.3.1 Extent of Rainfall variability   

To determine the degree of rainfall variability, the coefficient of variability (CV) was used. Equation 1 

shows how CV can be computed: 

 

                       (1) 



 

Where CV is the coefficient of variation; σ is standard deviation and μ is the mean precipitation. CV is 

used to classify the degree of variability of rainfall events as; low variability when CV < 20%, moderate 

when 20% < CV < 30% and high variability when CV > 30% [26]. 

 

As part of the rainfall analysis, the dependable rainfall was also determined. Equation 2 was used to 

calculate dependable rainfall. 

 

      (2)  

 

Where Pdep is the dependable rainfall, μ is the mean rainfall and σ is the standard deviation. 

Estimation of the dependable rainfall is required to design appropriately for sustainable agricultural 

practices particularly in line with the changing climate witnessed globally.  

 

2.3.2 Correlation between seasonal rainfall and maize yield 

In Eswatini, most rainfall is received in the form of convectional showers in summer i.e. between October 

and March [27], and that is when most of the maize production takes place. Rain-fed maize is grown in all 

agro-ecological zones of Eswatini, but mostly in the Highveld and Middleveld, when considering the area 

under maize production [28]. The Pearson correlation coefficient was used to determine the relationship 

between seasonal rainfall received and maize production in the country (Equation 3).  

   

                           (3) 

 

Where r is the correlation coefficient, xi and yi are the variables being correlated and x̅ and y̅ are the mean 

values of variables being correlated, annual mean rainfall and yield respectively. 

 

Seasonal rainfall data for the Highveld and Middleveld agro-ecological regions was correlated with 

nationwide maize production. These two regions are the major producers of rain-fed maize in Eswatini 

[29]. The seasonal rainfall (mm) as an arithmetic mean of the four stations in the Highveld and 

Middleveld was used as the independent variable and the nationwide maize production (MT) as the 

dependent variable. 

The range of r is from -1 to 1. If the r value is close to -1 then the relationship is considered anti-

correlated, or is negatively correlated. If the value is close to 1 then the relationship is considered 



positively correlated. As the r value deviates from either of these values and approaches zero, the points 

are considered to become less correlated and eventually are uncorrelated [30]. 

The significance of the relationship was determined using a two-tailed student’s t-test as given in 

Equation 4. If the calculated t value was greater than the tabulated value at n-2 degrees of freedom, then 

the value was considered significant. The level of significance used in the study was 0.05. 

 

                                                           (4) 

 

Where t is the value required for the test of significance of the correlation coefficient, n is the sample size 

and r is the computed correlation coefficient being tested for significance.   

 

The coefficient of determination (r
2
) was also determined and it examines how difference in one variable 

can be explained by the difference in the other variable. The value of r
2
 indicates how well a predictor 

variable accounts for the variation in the response variable [31]. The values range between 0 and 1, with 

values closer to 1 indicating a strong goodness of fit/linear relationship between correlated variables [30]. 

 

 

3.0 RESULTS AND DISCUSSION 

3.1 Extent of Rainfall Variability  

Annual rainfall means, standard deviation and coefficient of variation (CV) were calculated and are as 

presented in Table 1.  

 

Table 1: Annual rainfall statistics for selected weather stations in Eswatini for the years 1991 to 2021. 

 HIGHVELD MIDDLEVELD LOWVELD 

 Mbabane Nhlangano Malkerns Matsapha Big Bend Mhlume  

Annual mean(mm) 1433 783 959 813 561 665 

Std. dev. (mm) 299 190 229 206 178 236 

CV (%) 20.8 24.3 23.8 25.3 31.8 35.5 

 

The rainfall variability in the Highveld and Middleveld were found to be moderate as the CV fell in the 

range 20 < CV<30, and was high (CV >30) in the Lowveld of Eswatini as presented in Table 1. This is 

consistent with findings of a study which concluded that there was high variability in rainfall 

characteristics such as the onset and total rainfall in Eswatini making it hard to predict the amount of 



rainfall to be available for crop production in a given season [32]. High rainfall variation makes it difficult 

to identify trends with a high degree of certainty [33].  

 

As the growing of maize in Eswatini under rain-fed agriculture is in the rainy season between October 

and March, analysis was carried out for the rainy season to determine the rainfall parameters that could 

have an impact on maize production. Table 2 shows the results obtained from such analysis. 

 

Table 2: Seasonal rainfall for selected weather stations in Eswatini for the seasons 1991-92 to 2020-21. 

 HIGHVELD MIDDLEVELD LOWVELD 

 Mbabane Nhlangano Malkerns Matsapha Big Bend Mhlume 

Seasonal mean 

rainfall (mm) 

1162 623 793 673 451 534 

% of annual 

rainfall 

81.1 79.6 82.7 82.8 80.4 80.3 

Std. dev.(mm) 264 136 220 166 136 212 

 

Pdep (mm)  941 509 608 533 338 356 

 

 

The results showed the seasonal rainfall to be ranging between 450 mm in the Lowveld to up to 1162 mm 

in the Highveld. When calculated as a proportion of annual rainfall, the rainfall recorded in the maize 

cropping season was found to be approximately 80%. The seasonal dependable rainfall ranged between 

338 mm in the Lowveld to up to 941 mm in the Highveld. The Lowveld had dependable rainfall which is 

lower than the water requirement of maize of 450 to 600 mm [34]. This means that one cannot depend on 

rainfall to supply the maize crop water requirement in the Lowveld. Therefore, low maize yield, and also 

the chances of crop failure are expected in the Lowveld since the moisture content can hardly sustain the 

growth and development of the crop. The Highveld and Middleveld have average dependable rainfall of 

725 mm and 571 mm respectively, which means that in most years, there is enough water to meet maize 

crop water requirements. However, in the Highveld, there may be higher chances of waterlogging and 

leaching of nutrients due to excessive rains and that could negatively affect the yield. 

3.2 Relationship between rainfall and maize production 

 



The relationship between rainfall and maize production is graphically illustrated in Figure 1 to show how 

maize production responds to variability in rainfall.  

 

 

 

Figure 1: Relationship between seasonal rainfall and nationwide maize production in Eswatini 

Figure 1 shows that in most cases when the rainfall was high the production also responded positively and 

vice-versa, which then suggested that maize production responded to the variability in rainfall. Figure 2 

emphasizes that relationship in the form of a scatter plot. 

 

 

 

Figure 2: A scatter plot showing the relationship between rainfall and maize production 

Figures 1 and 2 show that that an increase in seasonal rainfall generally corresponds to an increase in 

maize production and also a decline in rainfall observed corresponds to a decline in maize production. 

However, Figure 2 also shows that the highest rainfall observed does not necessarily result in the highest 

production. This could be because the total seasonal rainfall does not explain the distribution of the 

rainfall over the growing season. Also there may be deleterious effects of excessive rainfall which may 

result in reduction of yield.  

 

During the 2014-2015 season which was an El Nino-induced drought season, the country received the 

lowest rainfall ever recorded (2014/15) which resulted to a nationwide maize production of 33,460 MT, 

which was a severe decline in national maize yield, the lowest in the past 30 years. A similar pattern, 

though less severe, was observed during the 2002/03 drought season which also resulted in a low maize 

production of 67,273 MT, which was one of the lowest yields in the past 30 years. The same was 

observed in the 2007 drought condition where below average rainfall was also received which coincided 

with a decline in maize yield in the same period. The opposite is true when looking at the 2013/14 

farming season where abundant seasonal rainfall, above 1 000 mm, was received across the country, 

resulting to a bumper harvest (101,041MT). The same was observed in 1999/00 where above 1300 mm 

seasonal rainfall was received with 112 779 MT harvest. 

 

The 30-year rainfall data was also divided into dry, medium and wet terciles as shown in Figure 3. When 

plotted against the average maize production, the results show that there was a notable difference in 

average maize production for the different terciles. The medium tercile had 18,996 MT (28%) more than 

the dry tercile, and the wet tercile had 6,867 MT (8%) more than the medium tercile. 

 



 

 

Figure 3: Average maize production for the dry, medium and wet terciles 

Table 3 shows the relationship between seasonal rainfall observed and maize produced. From the table, 6 

of the 10 in the dry tercile resulted in low production, with 3 years resulting in medium production and 

only one dry season resulted in high production. Only 2 years from the medium tercile resulted in low 

production, and 4 years resulted in medium production and 4 years resulted in high production. Only 2 

out 10 in the wet tercile resulted in low production, 3 years resulted in medium production and 5 resulted 

in high production. It should be noted that there was minimal difference in the production between the 

medium and wet terciles. The medium and wet terciles in this data have rainfall above 757 mm 

corresponding to maize production of at least 76,052 tonnes. 

 

Table 3: Terciles categorized according to rainfall related to terciles categorized according to maize 

production 

 Rainfall category 

Production category Dry tercile 
(523 – 748 mm) 

Med. Tercile  
(757 – 848 mm) 

Wet tercile           
(850 – 1312 mm) 

Low tercile                  
(33,460 – 75,068 tonnes) 

6/10 2/10 2/10 

Medium tercile            
(76,052 – 84,519 tonnes) 

3/10 4/10 3/10 

High tercile                  
(86,548 – 135,627 tonnes) 

1/10 4/10 5/10 

 

A statistical analysis was then carried out on the relationship between seasonal rainfall and maize 

production in Eswatini. A coefficient of correlation (r) and the coefficient of determination (r
2
) were 

determined. A significance test was also conducted on the coefficient of correlation. The results for the 

statistical analysis are shown in Table 3. 

 

Table 4: Statistical relationship between national maize yield and seasonal rainfall 

Statistics  
Correlation coefficient (r) 0.68 
Coefficient of determination (r

2
) 0.47 

Table t 2.05 
Calculated t 4.90 
p-value 0.000* 

 

The correlation coefficient value, r presented in Table 4 indicates that there is a strong positive correlation 

(r = 0.68) between maize yield and seasonal rainfall for the 30 crop seasons (1991/92 to 2020/21). A 



change in seasonal rainfall amount received results to a change in maize yield in a similar fashion. This 

indicates that rainfall can be used to predict maize yield.  

From Table 4, the coefficient of determination (r
2
) was found to be 0.47. This indicates that seasonal 

rainfall (the predictor variable) is able to account for approximately 47% of the variations in the annual 

maize yield over the period. Indirectly, about 53% of the variations in the maize yield produced annually 

cannot be explained by the seasonal rainfall. Other climatic and non-climatic factors such as temperature, 

rainfall onset and cessation, length of dry spells, maize cultivar, pests and diseases management could 

also be responsible for the variations in the annual maize production.  

 

The critical value table for t at 28 degrees of freedom (two-tailed test) was found to be 2.048. Since the 

calculated t (Table 4) is greater than 2.048 at 28 degrees of freedom, resulting to a p-value of 0.000 

(p<0.05), the null hypothesis (H0) that “there is no significant relationship between seasonal rainfall 

variability and national maize yield was rejected. Several researchers [35][27][36] concur that food 

production (especially rain-fed) is significantly affected by the amount of rainfall received.  

 

 

4.0 CONCLUSIONS  

 

Based on the results, it was concluded that Eswatini experiences moderate to high rainfall variability with 

CV of 25 % in the Middleveld, 23% in the Highveld and 34% in the Lowveld. This indicates the 

inconsistency and unpredictability of rainfall in the area under study.  Dependable seasonal rainfall was 

found to average 347 mm in the Lowveld, 571 mm in the Middleveld, and 725 mm in the Highveld. 

Therefore, it was concluded that for the Lowveld, at any given year, there is high likelihood that there 

may not be adequate rainfall to meet water requirements of the maize crop. 

 

The study also indicated a statistically significant relationship between seasonal rainfall and maize yield. 

The correlation coefficient of seasonal rainfall and yield was 0.68, which indicated a strong positive linear 

relationship between seasonal rainfall amounts received and yield. The correlation was found to be 

significant at significance level 0.05. A decrease in seasonal rainfall received resulted in decrease in 

maize yield. This meant that rainfall has had an impact on maize production in the country. The 

coefficient of determination was found to be 0.47, which means that 47% of yield variation could be 

explained by the variation in rainfall.  
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