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EXECUTIVE SUMMARY 

MOTIVATION 

South Africa is an arid country and is frequently subjected to devastating droughts. For this reason, a 

considerable amount of climatic research has focused on the occurrence, intensity, impact and prediction 

of drought on both an annual and a seasonal basis. However, short-term droughts (dry spells) are arguably 

as important, if not more so, to the agricultural sector than seasonal shortfalls in rainfall. It is often not the 

occurrence of a dry spell, but its intensity, and when this dry period occurs, that is of vital significance. 

Various crops, such as maize, are vulnerable to dry spells during specific phonological stages. Water 

stress is one of the major limiting factors in dryland (rain-fed) maize production. Its effects include stunted 

growth, delayed maturity and low crop productivity. Water stress during the initial growth stage of maize 

is influenced by surface soil moisture. During this period, less water is required for survival. However, the 

plant requires more water in the late vegetative growth stage. The flowering stage has been found to be 

the stage in which maize is most sensitive to water stress, leading to reductions in crop growth, biomass 

production and − finally − crop yield. Therefore, planting dates should be chosen in such a way that 

sensitive plant growth stages coincide with favourable climatic conditions, and not with mid-summer dry 

spells (Du Plessis, 2003). Generally, in most dryland maize-growing areas, yield reduction occurs because 

seasonal rainfall distribution is erratic (Du Toit et al., 2002). Moreover, sporadic mid-summer dry spells 

could aggravate this problem, since water availability is the most pressing and significant factor limiting 

the production of dryland maize in South Africa.  

The mid-summer period is particularly important, since a lack of rain for even a few days during this 

period may reduce maize yields. It has been observed that, in the summer rainfall region of South Africa, 

there is a hiatus in rainfall during mid-summer, when the baroclinic (mid-latitude cyclonic) regime in 

early summer switches to a dominantly barotropic (tropical) system, which is characteristic in late 

summer. The factors that control this switch in rainfall regimes need to be understood so that timely 

predictions can be made for the occurrence of short-term mid-summer dry spells. With the exception of 

a study by Grobler in 1993, little research has been devoted to these short-term droughts in South 

Africa, although a similar phenomenon, called the mid-season break, has been recognised in 

Zimbabwe. The aim of this project was therefore to conduct an in-depth study of the mid-summer dry 

spells in the major maize-growing areas in the summer rainfall region of South Africa.  

PROJECT OBJECTIVES 

This project is designed to build on the study of Grobler (1993) on mid-summer droughts in the summer 

rainfall region of South Africa. The aims of this project were as follows: 

• Create a “quality checked” database of daily observed rainfall in the summer rainfall region of South 

Africa 

• Perform a detailed temporal analysis of daily summer rainfall at different locations to identify singularities 

that are related to the South African mid-summer dry spells 

• Perform synoptic diagnoses to identify the synoptic weather system and sea surface temperature drivers 

of the South African mid-summer dry spells 

• Determine whether mid-summer dry-spell anomalies are captured in historical climate model simulations 

• Generate climate change projections of possible future changes in the time of occurrence, frequency 

and intensity of the South African mid-summer dry spells 

• Use a crop model to estimate the impact of the South African mid-summer dry spells on the agro-water 

budget and maize yields 

• Produce and implement a recommended planting date early warning system for application in the 

agricultural sector 
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DATA AND METHODOLOGY 

Daily district rainfall data from the South African Weather Service (SAWS)’s data bank was used to 

investigate mid-summer dry spells (Kruger and Nxumalo, 2017). Rainfall was measured at either 

individual rainfall stations or automatic weather stations (AWSs). Mid-summer dry spells occur 

approximately between mid-December and mid-January. The summer period is defined as the six-

month period extending from October to March. From the summer rainfall region, only 16 districts with 

homogeneous rainfall and seasonality for the major maize-growing areas were used in this report. 

From the daily district rainfall, pentad summations (totals for periods of five days) were calculated following 

the methodology used in Grobler (1993). Pentads were calculated using Julian days, for example, Pentad 

1 refers to 1−5 January, and Pentad 73 refers to 27−31 December. The extra leap year day, 29 February, 

was added to Pentad 10. Eight pentads between 12 December (the start of Pentad 70) and 20 January 

(the end of Pentad 4) were selected for a detailed analysis of mid-summer rainfall for the major maize-

growing areas of South Africa. Dry- and wet-spell analysis has been carried out using the Markov chain 

probability model for the threshold value of 3 mm rainfall depth per day (15 mm per pentad). A pentad 

with less than 15 mm rainfall was considered a dry pentad, and a pentad with 15 mm or more rainfall was 

considered a wet pentad. The Markov chain probability model calculates the initial probabilities of getting 

a dry or a wet spell for a given pentad. The calculation of conditional probabilities provides information on 

the dry spell, followed by a dry or wet spell, and vice versa. 

A global reanalysis dataset from the European Centre for Medium-range Weather Forecasts (ECMWF), 

known as the Fifth Generation ECMWF Atmospheric Reanalyses of the Global Climate (ERA5) model, 

was used for climate circulation data (ERA5, 2019). ERA5 provides hourly estimates of many atmospheric, 

land and oceanic climate variables. For the analysis of the lower and mid-troposphere, two fields were 

obtained from the Copernicus Climate Data Store (CDS). These fields are daily 850 hPa and 500 hPa 

geopotential heights, measured at 00:00 coordinated universal time (UTC). Self-organising maps (SOMs) 

were used for the synoptic classification using the ERA5 global reanalysis dataset, and Ward’s clustering 

technique was applied to objectively group the SOM circulation patterns into groups with similar 

characteristics. Climate drivers, such as the El Niño Southern Oscillation (ENSO) were also investigated 

to identify the synoptic weather system drivers of the South African mid-summer dry spells. 

For the climate change predictions of rainfall, eight individual global circulation models (GCMs) that 

participated in the Fifth Phase of Coupled Model Inter-comparison Project (CMIP5) were dynamically 

downscaled to a finer spatial resolution (0.44° x 0.44°) using the Rossby Centre Regional Atmospheric 

Model (RCA4). Daily rainfall data from these eight individual GCMs, downscaled using the RCA4 model 

(Coordinated Regional Climate Downscaling Experiment (CORDEX)) for the reference period (1951–

2005), was used for the dry-spell analysis. The downscaled simulations from the CMIP5 GCM were 

evaluated against the SAWS’s district observations. Model-simulated daily precipitation flux was first 

converted to mm using a scalar multiple of 86 400. The values nearest to the latitude and longitude of 

the district observations were then extracted for easy comparison with the district rainfall. Different 

metrics were used to assess how well the CORDEX model simulated dry spells for South Africa’s 

summer rainfall region. 

A simple water balance model was used to assess the impact of mid-summer dry spells on the 

agricultural water budget. The AquaCrop model was used to investigate the impact of dry spells on 

maize yield in the primary maize-growing regions of South Africa. A simple climatic water budget 

analysis was done following the methodology of Thornthwaite (1948) and Thornthwaite and Mather 

(1955), which uses precipitation (P) and potential or reference evapotranspiration (ETo) to estimate 

moisture surplus or deficit. The Food and Agriculture Organisation (FAO)’s AquaCrop simulation model 

was used to estimate maize yield and investigate the impact of mid-summer dry spells on maize yield. 

The FAO’s AquaCrop model is a water-driven simulation model (generic crop water productivity model) 

(Raes et al., 2018; Steduto et al., 2009). 

https://link.springer.com/referenceworkentry/10.1007%2F0-387-30749-4_193#CR38_0-387-30749-4_193
https://link.springer.com/referenceworkentry/10.1007%2F0-387-30749-4_193#CR38_0-387-30749-4_193
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Daily SAWS district rainfall data was used to calculate onset and cessation for each season for the 

respective observed and simulated (historical and future) scenarios. Onset was calculated as days 

since 1 September (earliest potential start of the summer season) and cessation as days since 

1 February (earliest expected cessation dates) of the following year. This data was then fitted to a 

normal distribution curve, from which the cumulative probabilities were calculated at various confidence 

levels. The onset of rains was defined as the last day in which rainfall of 25 mm or above had been 

accumulated over the previous 10 days, and at least 20 mm accumulated in the subsequent 20 days 

(Tadross et al., 2009). The additional 20 mm of cumulative rainfall over the next 20 days ensured that 

there was enough moisture for germination and the early development stage. The cessation of the rainy 

season was defined as three consecutive dekads (10-day periods) with less than 20 mm rainfall each, 

occurring after 1 February (Tadross et al., 2009).  

RESULTS AND DISCUSSION 

Spatial and temporal analysis of the mid-summer dry spells for the summer rainfall region of 

South Africa 

Dry spell frequency analyses were used to investigate the impacts of sub-seasonal rainfall variability 

on crop yield since seasonal rainfall totals alone do not explain the relationship between rainfall and 

crop yields. This study investigated the spatial and temporal occurrences of the mid-summer dry spells 

based on magnitude, length and time of occurrence in the major maize-growing areas of the summer 

rainfall region of South Africa. Three thresholds of 5 mm, 10 mm and 15 mm total rainfall for a pentad 

were used to analyse dry spells. Dry-spell analysis showed that dry pentads occurred during mid-

summer with differing intensity, duration and frequency across the summer rainfall region. The annual 

frequency of dry pentads for the mid-summer period ranged between 0 and 4 pentads for the 5 mm 

threshold, and between 1 and 7 pentads for the 10 mm and 15 mm thresholds. The non-parametric 

Mann-Kendall trend analysis of the dry pentads indicates that there is no significant trend in the 

frequency of dry spells at a 95% confidence level. The initial and conditional probabilities of getting dry 

spells using the Markov chain probability model also showed that there is a 32 to 80% probability that 

a single pentad will be dry using the 15 mm threshold. There is a 5 to 48% probability of experiencing 

two consecutive dry pentads and a 1 to 29% probability of having three consecutive dry pentads. The 

duration and intensity of dry spells, as well as the Markov chain probabilities, showed a decrease in dry 

spells from west to east of the maize-growing areas of the summer rainfall region of South Africa.  

Synoptic analysis of the mid-summer dry spells for the summer rainfall region of South Africa 

An approach to better understand intra-seasonal rainfall characteristics is to investigate the intra-

seasonal variability of daily weather circulation systems. The most common approach to synoptic 

climatology is to partition the atmospheric state into broad categories, and to relate these synoptic 

categories to some dependent variable. SOMs offer an alternative technique to synoptic climatology for 

visualising the complex distribution of synoptic states and for weather pattern identification. In this study, 

the synoptic weather systems associated with mid-summer dry spells over South Africa were 

investigated using SOMs and Ward’s clustering technique. Climate drivers, such as ENSO, were also 

investigated to identify the synoptic weather system drivers of the South African mid-summer dry spells. 

Ward’s clustering results indicate two primary weather patterns that dominate the mid-summer season, 

namely the strong subtropical ridge influence, and the troughs and easterly weather. The climate driver 

results show that ENSO has a strong influence on the mid-summer weather patterns.  
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Evaluation of CORDEX in simulating historical dry spells over the major maize-producing 

regions of South Africa 

This study examined dry spells using total pentad rainfall output from historical climate model 

simulations using the CORDEX RCA4 model over the major maize-producing regions of South Africa. 

Historical observations were compared with model simulations of dry spells for the mid-summer period 

from 1951–2005. Generally, results indicated an underestimation of dry spells, compared to the 

climatologically observed values from the CORDEX models for the mid-summer period. There are, 

however, some regions within the study area that compare well to the observed scenario, indicating 

specific small-scale inadequacies to be further investigated. Investigations of upper-air tropical 

circulation diagnostics and the position of the Intertropical Convergence Zone (ITCZ) also clearly show 

that the RCA4 simulations differ from the observed scenario, indicating that large-scale upper-air 

circulations are not captured in the model simulations.  

The impact of mid-summer dry spells on the agro-water budget and maize yield potential in the 

major maize-growing regions of South Africa 

Water stress is one of the major limiting factors in dryland maize production in South Africa. The maize-

growing season experiences different rainfall characteristics, such as dry spells, which affect the 

phenology and crop yields. The mid-summer period is particularly important for agriculture since a lack 

of rain during this period negatively affects crop yields. This study investigated the impact of South 

African mid-summer dry spells on the annual water budget and on maize yield. A simple water balance 

model was used to assess the impact of mid-summer dry spells on the agricultural water budget. The 

AquaCrop model was used to investigate the impact of dry spells on maize yield in the primary maize-

growing regions of South Africa. The climatic water budget results showed moisture deficits for all 

pentads during mid-summer, with median deficits ranging from 5 to 25 mm per pentad. The highest 

deficit was experienced in Pentad 73 (27−31 December) and Pentad 1 (1−5 January). The warm and 

dry western maize-growing region has the highest total deficits (> 130 mm) during mid-summer, when 

compared to the cool and temperate eastern maize-growing regions. The impact of mid-summer dry 

spells on maize yield was also assessed using the AquaCrop model for three years with a high, medium 

and low frequency of dry spells. The results indicated that the impact of mid-summer dry spells on maize 

yield is evident, showing higher yields for the 2004/05 growing season, with a low frequency of dry 

spells. The 2000/01 growing season, which had a high frequency of mid-summer dry spells, produced 

the lowest yield. The impact of mid-summer dry spells on maize yield is more pronounced in the warm 

and dry western maize-growing region, showing the lowest yield when compared to the cool and 

temperate eastern maize-growing regions. 

Guidelines and an early warning system 

Planting during the recommended optimum period for an area will assist farmers to gain higher yields 

using favourable climatic conditions. Dry spells during the flowering stage of maize can cause yield 

losses. The flowering stage may vary between different cultivars of maize and the growing environment. 

For example, the flowering stage occurs about 65 days after emergence in medium-growing maize 

hybrids. Different varieties of maize are planted in the study area, and the flowering stages vary from 

region to region, depending on the maize cultivar used. The optimum planting dates based on the onset 

of rainfall, and the duration and occurrence of mid-summer dry spells, are presented in this report. The 

information can be used to create general guidelines and an early warning system for optimum maize 

planting dates for the major maize-growing regions. The occurrence and duration of mid-summer dry 

spells might also assist in identifying high-risk dates and avoiding water stress during the maize 

flowering period for the different growing regions and locations. 
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CONCLUSIONS 

Rainfall is one of the most important factors limiting dryland crop production in South Africa. The mid-

summer period is of particular significance, since a lack of rain for a few days during this period may 

affect crop yield considerably. In this study, dry-spell frequency analyses are used to investigate the 

effects of sub-seasonal rainfall variability on crop yields, since variability in seasonal rainfall totals alone 

do not show the relationship between rainfall and crop yields. However, little research has been 

dedicated to short-term drought studies in South Africa. 

In this study, a dry spell was defined as a pentad with a rainfall total that is less than a predefined 

threshold. Three thresholds of 5 mm, 10 mm and 15 mm total rainfall for a pentad were used to analyse 

dry spells. In this study, the spatial and temporal occurrences of the mid-summer dry spells based on 

magnitude, length and time of occurrence were investigated in the summer rainfall region of South 

Africa. The dry-spell analysis showed that dry pentads occur during mid-summer at different intensities, 

duration and frequency across the maize-growing areas of the summer rainfall region. The non-

parametric Mann-Kendall trend analyses for the dry pentads during mid-summer for 16 selected 

homogeneous rainfall districts indicate that there was no significant trend in the frequency of dry spells 

at the 95% significance level. Furthermore, the Markov chain probability analysis showed a decrease 

in the probability of dry spells from west to east in the study area. An analysis of the duration and 

intensity of dry spells also showed a decrease from west to east in the study area.  

Ward’s clustering results show that two main weather patterns dominate the mid-summer season: those 

associated with influences from the strong subtropical ridge and those associated with troughs and 

easterly weather phenomena. However, the variation within these dominant patterns seems to be the 

cause of a higher occurrence of dry and wet spells with the subtropical ridge patterns relating to 

differences in dry and wet spells over the north-east of South Africa, and the troughs and easterly 

weather relating to differences over the central and southern parts of South Africa. The climate driver 

results show that ENSO has a strong influence on the mid-summer weather patterns. Other climate 

drivers such as the Southern Annular Mode (SAM) and the South-West Indian Ocean show no 

significant influences. 

This study also examined dry spells using total pentad rainfall output from historical climate model 

simulations using the CORDEX RCA4 model over the major maize-producing regions of South Africa. 

Historical observations were compared with model simulations of dry spells for the mid-summer period 

from 1951 to 2005. Generally, an underestimation of dry spells was detected between the modelled and 

observed climatological dry spell occurrences for the mid-summer period. Some regions within the study 

area, however, seem to capture the climatological occurrence of dry spells well, which suggests 

possible small-scale inadequacies in the models. This is an avenue for further investigation. The 

models’ dry spell simulations were severely hampered by the general wet bias of the CORDEX 

simulations. Investigations of the upper-air tropical circulation diagnostics and the position of the ITCZ 

also clearly show that the RCA4 simulations are different from the observed scenarios, indicating that 

large-scale upper-air circulations are not captured in the model simulations.  

The climatic water budget results showed that moisture deficits occurred for all the districts and pentads 

during mid-summer, with median deficits ranging from 5 to 25 mm per pentad. The highest deficit was 

experienced in Pentad 73 and Pentad 1. The impact of mid-summer dry spells on maize yield was also 

assessed using the AquaCrop model for three years with a high, medium and low frequency of dry spells. 

The results indicate that the impact of mid-summer dry spells on maize yield is evident, showing higher 

yields for the 2004/05 maize-growing season, with a low frequency of dry spells. The 2000/01 maize-

growing season, with its high frequency of mid-summer dry spells, produced the lowest yield. The impact 

of mid-summer dry spells on maize yield is more pronounced in the dry and warm western maize-growing 

region, which shows the lowest yield compared to the cool and temperate eastern maize-growing regions. 
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RECOMMENDATIONS 

The results of the dry-spell analyses indicated that mid-summer dry spells occurred at different 

intensities, duration and frequency across the maize-growing areas of South Africa’s summer rainfall 

region. The maize-growing season experiences different rainfall characteristics, such as dry spells, 

which affect phenology and crop yield.  

Results from this study could be used to adjust planting dates to ensure that the water-sensitive growth 

stages of maize do not coincide with the mid-summer dry-spell periods. In addition, soil and water 

conservation techniques, such as in-field rainwater harvesting, are viable options to alleviate water 

stress during this period in rainfed maize production. The research presented in this study contributes 

significantly to research on short-term drought (dry spells) in South Africa and addresses some of the 

research gaps in dry-spell analysis studies, which are of utmost importance for rainfed crop production. 

The findings from this study will assist farmers and decision makers to adjust the planting dates of 

summer crops to ensure favourable growing conditions during the water stress-sensitive growth stages. 

Information on the climatic water budget could also be used as a guide to plan supplementary irrigation 

during the mid-summer dry period. Databases created based on rainfall and dry-spell analyses from 

this study will assist future dry-spell and drought investigations and studies. 

The optimum planting dates for some areas in the warm western maize-growing region are already 

shifting towards late December and January. Future research should focus on the analysis and 

characteristics of dry spells in the warm western maize-growing region and their impacts on crop yield.  

CAPACITY BUILDING AND TECHNOLOGY TRANSFER 

The building of research capacity was achieved by registering students at the University of KwaZulu-

Natal and the University of Pretoria (Appendix A).  

DATA STORAGE 

 
All processed data has been stored on servers at the South African Weather Service: 

Contact:  Michael Mengistu  

Email:   michael.mengistu@weathersa.co.za  

Enquiries:  Tel: 012 367 6237 
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CHAPTER 1: INTRODUCTION 

1.1 BACKGROUND AND RATIONALE 

South Africa is a semi-arid country with mean annual rainfall totals of below 500 mm (Taljaard, 1996). 

Southern Africa’s summer rainfall experiences significant variability, with frequent recurrent wet and dry 

spells and severe droughts (Richard et al., 2001). Drought is a natural phenomenon that occurs when 

there is a temporal imbalance of water availability due to a persistent lower-than-average precipitation 

over a certain period of time (Pereira et al., 2009). Several studies in the past have focused on the 

occurrence, intensity, impact and prediction of drought on an annual and a seasonal basis. However, 

short-term droughts (dry spells) are equally vital to the agricultural sector, as the timing of the 

occurrence and intensity of the dry period is often more important than seasonal shortfalls in rainfall. 

Usman and Reason (2004) highlighted that a season with above-average rainfall may not be better 

than a below-average season over an agricultural region if the rainfall during the season is not well 

distributed in space and time. In other words, crops are more likely to do well with evenly distributed 

rains than with intermittent heavy showers interrupted by prolonged dry periods (Usman and Reason, 

2004). Various crops, such as maize, are vulnerable to drought during specific phenological stages 

(Tadross et al., 2009; Mupangwa et al., 2011). Water stress is one of the major limiting factors in dryland 

(rain-fed) agriculture. Its effects include stunted growth, delayed maturity and low crop productivity 

(Mzezewa et al., 2010). The flowering stage of maize has been found to be the most sensitive stage to 

water stress, for example, leading to reductions in crop growth, biomass production and finally yield 

(Du Plessis, 2003; Masupha et al., 2016). Planting dates should be selected accordingly to ensure that 

the flowering stage coincides with normally favourable climatic conditions, and not with mid-summer 

drought periods (Du Plessis, 2003). 

Rainfall has been identified as the most pressing and significant factor limiting dryland crop production 

in South Africa. The mid-summer period is of particular importance since a lack of rain for even a few 

days during this period may decrease crop yield. It has been observed that, in the summer rainfall region 

of southern Africa, there is a break in rainfall during mid-summer when the baroclinic (mid-latitude 

cyclonic) regime in early summer switches to a dominantly barotropic (tropical) system, characteristic 

of late summer (Bhalotra, 1984). Apart from a study by Grobler (1993), very little research has been 

devoted to short-term drought in South Africa, although a similar phenomenon, called the mid-season 

break, has been recognised in Zimbabwe (Unganai and Mason, 2002). 

In this study, a thorough analysis is conducted on the characteristics of mid-summer dry spells in South 

Africa. The research required high-quality rainfall data, which was obtained from the South African 

Weather Service’s data network, which made the investigation of the frequency, intensity and duration 

of mid-summer dry spells in the summer rainfall areas of South Africa possible. The research included 

an investigation into the ability of climate models to capture these mid-summer dry spells, as well as a 

synoptic weather system analysis, in an effort to identify the atmospheric forcing that drives such 

droughts. The AquaCrop water productivity model was used to simulate the impact of mid-summer dry 

spells on maize yield. Lastly, guidelines and an early warning system were developed, which can be 

used for selecting optimum maize planting dates for the major maize-growing regions in South Africa.  

1.1.1 Research aim and objectives 

The overall aim of this project was to conduct an in-depth study of the mid-summer dry spells in the 

major maize-growing areas in the summer rainfall region of South Africa. The specific objectives of this 

project were to do the following: 
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• Create a "quality checked" database of daily observed rainfall in the summer rainfall region of South 

Africa 

• Perform a detailed temporal analysis on daily summer rainfall at different locations to identify 

singularities that are related to the South African mid-summer dry spells 

• Perform synoptic diagnoses in order to identify the synoptic weather system and sea surface 

temperature drivers of the South African mid-summer dry spells 

• Determine whether mid-summer dry-spell anomalies are captured in historical climate model 

simulations 

• Generate climate change projections of possible future changes in the time of occurrence, 

frequency and intensity of the South African mid-summer dry spells 

• Use a crop model to estimate the impact of the South African mid-summer dry spells on the agro-

water budget and maize yields 

• Produce and implement a recommended planting date early warning system for application in the 

agricultural sector  

1.1.2 Structure of the report 

Over the duration of the project, eight deliverables were completed to address the aim and various 

project objectives. These deliverables were combined into this final report, consisting of five sections 

written in the format of a scientific paper. The remaining three sections address database creation, 

guidelines and an early warning system, and a report on a communication workshop that was held. 
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CHAPTER 2: DATABASE CREATION 

2.1 SOUTH AFRICAN SUMMER RAINFALL REVIEW 

The austral summer season, during which the mid-summer dry spells occur between approximately late 

December and early January, is defined as the six-month period that extends from October to March. 

In preparation for the research on mid-summer dry spells, the South African summer rainfall was 

reviewed to define the area that receives average rainfall totals of > 300 mm over the summer season. 

Only rainfall data across this area is considered in the research on mid-summer dry spells that follows. 

For this purpose, long-term monthly rainfall averages, calculated across the reference period from 1981 

to the near-present, were obtained from the Global Precipitation Climatology Centre (GPCC) (Schneider 

et al., 2016; Becker et al., 2013).  

 

Figure 2.1: Maps indicating South African average rainfall totals over the period October to March. 
Rainfall for the entire country is given in the left map, while only areas that receive average rainfall totals 
of > 300 mm over the period October to March are depicted in the right map. 

 

A map illustrating the South African average rainfall totals over the period October to March is depicted 

in Figure 2.1 (left). Total rainfall averages vary from as low as 15 mm in the far north-west, to higher 

than 840 mm in the mountainous areas in the eastern parts of the country. The higher summer rainfall 

is well captured across the eastern parts of the country (in blue), with some higher rainfall that is also 

experienced in the confined southern year-rainfall region (the southern border between the Western 

Cape and the Eastern Cape). 

Areas that receive average rainfall totals of > 300 mm over the period October to March are depicted in 

Figure 2.1 (right) – defined as the study area. This area is confined to the eastern parts of South Africa, 

and includes most of Limpopo, most of the North West, most of the Free State, approximately half of 

the Eastern Cape, Gauteng, Mpumalanga and KwaZulu-Natal. The research will only consider this 

study area in analysing the influence of mid-summer dry spells on South Africa’s agro-water budget and 

subsequent crop growth and yield. 
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2.2 DAILY RAINFALL DATA AND RAINFALL STATIONS 

Since the mid-summer dry spells occur over a relatively short period (an average of one to two weeks), 

daily rainfall data was obtained from the SAWS’s data bank. The rainfall was measured at either individual 

manual rainfall stations or automatic weather stations. As mentioned in Kruger and Nxumalo (2017), 

measurements at manual stations were done at 08:00 South Africa Standard Time (SAST) and represent 

the accumulated rainfall over the preceding 24 hours, while AWS data represents the total rainfall 

accumulated over the period between 08:00 SAST during the previous day up to 08:00 SAST on the 

current day. Only stations that were operational throughout the study period were selected, with at least 

90% of daily values available. However, stations where zero rainfall was recorded over relatively long time 

periods, while surrounding stations recorded significant rainfall amounts, were flagged and removed. 

The 71 stations for which data was obtained are listed in Table 2.1, where the rainfall district reference 

number, station number, station name and station position (latitude and longitude) are given. Although 

the stations cover the entire country, stations that received average rainfall totals of > 300 mm over the 

period October to March are shaded in green (40 stations in total). Data for the rest of South Africa will 

be kept aside for the possible interest of additional analysis in the area outside the study domain. 

Table 2.1: The station numbers and names, as well as positions (latitude and longitude: see Figure 2.2) 
of the 71 rainfall stations for which daily rainfall data was obtained. The associated rainfall district 
numbers are also indicated. The stations in green shaded boxes were defined as those that receive 
average rainfall totals of > 300 mm over the period October to March (40 stations in total). 

 District Station number Station name Latitude Longitude 

1 1 0244405 5 Steinkopf -29.27 17.74 

2 2 0133202 2 Nieuwoudtville SAPD -31.37 19.12 

3 3 0062444 7 Piketberg-SAPD -32.91 18.75 

4 4 0022038 8 Vrugbaar -33.63 19.04 

5 5 0086007 4 Reenen -32.11 19.51 

6 6 0045184 2 Dwars in die Weg -33.07 20.62 

7 7 0003020 4 Cape Agulhas -34.83 20.02 

8 8 0027302 1 Calitzdorp − POL -33.53 21.69 

9 9 0048043 2 Prince Albert − TNK -33.22 22.03 

10 10 0029542 X Rooirivier -33.55 22.82 

11 11 0014063 4 Knysna − TNK -34.05 23.05 

12 12 0052590 5 

 

  

Steytlerville − MAG -33.33 24.34 

13 13 0057048A9 Grahamstown − TNK -33.32 26.49 

14 16 0068010 3 Merweville − POL -32.66 21.52 

15 17 0049372 3 Rondawel -33.20 22.66 

16 19 0113673 X Saaifontein -31.72 21.88 

17 20 0093074 X Kamferskraal -32.24 23.05 

18 21 0073871 1 Kendrew Estates -32.52 24.48 

19 22 0076884 3 Albertvale − FRM -32.74 26.01 

20 25 0240891 0 Durban − Botanical Gardens -29.85 31.01 

21 26 0272121 2 Gingindhlovu -29.03 31.57 

22 27 0101192 X Exwell Park -32.21 27.10 

23 28 0126082 4 Nkobongo -31.87 28.04 

24 30 0239482 0 Cedara -29.54 30.27 

25 31 0337795 0 Mahlabatini -28.24 31.46 

26 33 0596179 3 Skukuza -24.99 31.59 

27 38 0166238A6 Carnarvon − POL -30.97 22.13 
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 District Station number Station name Latitude Longitude 

28 39 0142805 X Richmond C/K − TNK -31.42 23.94 

29 40 0096101 0 Roodebloem -32.18 24.57 

30 41 0120338 5 Tafelberg Hall -31.56 25.19 

31 42 0149204 3 Dordrecht Clarks Siding -31.41 27.12 

32 44 0334174 6 Moorside -28.40 29.61 

33 45 0372852 9 Hlobane -27.70 30.98 

34 46 0444203 6 Tafelkoppies -26.88 30.62 

35 47 0555567 2 Alkmaar -25.45 30.82 

36 49 0679164 3 Letaba District -23.73 30.10 

37 50 0722721 3 Hanglip -23.02 29.92 

38 52 0284008 4 Thornlea -28.63 21.52 

39 53 0253174 2 Marydale − POL -29.41 22.11 

40 54 0142153 5 Lekkervlei -31.05 23.60 

41 55 0145399 0 Grapevale -31.15 25.23 

42 56 0174600 4 Burgersdorp − POL -31.00 26.33 

43 57 0203657 9 Middelplaats -30.45 26.87 

44 60 0368831 1 Warden Skoolstraat -27.85 28.96 

45 61 0369505 9 Verkykerskop -27.91 29.27 

46 62 0443196 2 De Emigratie -26.77 30.10 

47 63 0517430 6 Machadodorp -25.67 30.25 

48 64 0678144 2 Kalkfontein -23.90 29.58 

49 68 0254589 8 Niekerkshoop − POL -29.33 22.84 

50 69 0227127 X Hopetown -29.62 24.08 

51 70 0231279 9 Reddersburg − POL -29.65 26.17 

52 71 0232018 3 Cyferfontein -29.80 26.52 

53 72 0263280 X Westminster Estate -29.16 27.17 

54 73 0402866 5 Driefontein -27.44 28.00 

55 74 0476040 3 Johannesburg − Zoological Gardens -26.17 28.04 

56 75 0477762 5 Witbank Strehla -26.21 28.91 

57 76 0590307 7 Nylsvley -24.65 28.67 

58 77 0675182 9 Villa Nora − POL -23.53 28.13 

59 79 0356285 4 Hopkins -27.71 22.70 

60 80 0359808 X Boetsap -27.97 24.45 

61 81 0257845 5 Eureka -29.08 24.48 

62 82 0261722 8 Maselspoort Dam -29.03 26.41 

63 83 0329215 5 Ventersburg − MAG -28.09 27.14 

64 84 0434888 3 Ottosdal − POL -26.81 26.00 

65 85 0510308 6 Swartruggens − POL -25.65 26.69 

66 86 0588721 5 Rankins Pass − POL -24.53 27.91 

67 89 0468318 4 Vryburg Palmyra -26.27 24.18 

68 90 0432136 3 Vryburg Welgeleven -26.76 24.58 

69 92 0508649 3 Slurry -25.81 25.85 

70 93 0546314 1 Tuscany -25.24 26.18 

71 94 0423044 6 Rietfontein SAPS -26.74 20.03 
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2.3 DATA FOR THE STUDY AREA 

A map, depicting the distribution of the stations listed in Table 2.1, is given in Figure 2.2, where stations 

are numbered according to district rainfall reference. The red line separates the stations that receive 

average rainfall totals of > 300 mm over the period October to March on the right (defined as the study 

area) and the associated stations that receive < 300 mm of rain on the left. In an effort to further improve 

on the study area selection, a map is presented in Figure 2.3A, showing the percentage of total rainfall 

during the six summer months of October to March. The area where at least 60% of the annual rainfall 

occurs between October to March was further regarded as a priority area in the investigation of mid-

summer dry spells. An example of rainfall distribution for District 62, indicating dry spells with rainfall 

less than 15 mm per pentad during the mid-summer period (pentads 70−73 and pentads 1−4) is shown 

in Figure 2.3B.  

 

Figure 2.2: A map indicating the location of the 71 rainfall stations obtained with daily rainfall totals for 
the period January 1980 to December 2017. The stations are numbered according to rainfall district 
reference. The stations to the right of the red line receive average rainfall totals of < 300 mm over the 
period October to March (40 stations in total). 
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(A) 

 

(B) 

 

Figure 2.3: (A) A map indicating the areas in South Africa that receive at least 60% of its annual rainfall 
during October to March. (B) Rainfall distribution for District 62 during the mid-summer period. 
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CHAPTER 3: SPATIAL AND TEMPORAL ANALYSIS 

OF THE MID-SUMMER DRY SPELLS FOR THE 

SUMMER RAINFALL REGION OF SOUTH AFRICA 

3.1 ABSTRACT 

South Africa is frequently subjected to severe droughts and dry spells during the rainy season. Yet, rainfall 

is one of the most significant factors limiting dryland crop production in South Africa. The mid-summer 

period is particularly important for agriculture since a lack of rain during this period negatively affects crop 

yield. Dry-spell frequency analyses are used to investigate the impacts of sub-seasonal rainfall variability 

on crop yield since seasonal rainfall totals alone do not explain the relationship between rainfall and crop 

yield. In this study, the spatial and temporal occurrences of mid-summer dry spells are investigated, based 

on magnitude, length and time of occurrence in the major maize-growing areas of the summer rainfall 

region of South Africa. Three thresholds of 5 mm, 10 mm and 15 mm total rainfall for a pentad were used 

to analyse the dry spells. Dry-spell analysis showed that dry pentads occur during mid-summer with 

different intensities, duration and frequency across the summer rainfall region. The annual frequency of 

dry pentads for the mid-summer period ranged between 0 and 4 pentads for the 5 mm threshold, and 

1 to 7 pentads for the 10 mm and 15 mm thresholds. The non-parametric Mann-Kendall trend analysis of 

the dry pentads indicates that there is no significant trend in the frequency of dry spells at a 95% 

confidence level. The initial and conditional probabilities of getting a dry spell using the Markov chain 

probability model showed that there is a 32 to 80% probability that a single pentad will be dry using the 

15 mm threshold. There is a 5 to 48% probability of experiencing two consecutive dry pentads, and a 

1 to 29% probability of having three consecutive dry pentads. The duration and intensity of dry spells, as 

well as the Markov chain probabilities, showed a decrease in the number of dry spells from west to east 

across the maize-growing areas in South Africa’s summer rainfall region. 

Keywords: Pentad rainfall; mid-summer; dry spells; Markov chain model; South Africa 
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3.2 INTRODUCTION 

South Africa is a semi-arid country with a mean annual rainfall of below 500 mm (Taljaard, 1996). In 

most parts of South Africa, rainfall occurs during the austral summer months of October to March 

(Harrison, 1984; Hart et al., 2010). The most significant increase in rainfall over the summer rainfall 

region starts in September along the south-east and east coast, from where it spreads to the eastern 

interior during October, extending to the western interior from October to November (Taljaard, 1986). 

In December, a break in the rising rainfall occurs over parts of the summer rainfall region (Taljaard, 

1986). Other distinct rainfall regions over South Africa are located along the southern coast of the 

country, where rainfall occurs all year round (Engelbrecht et al., 2014), as well as in the south-western 

region, which receives the majority of its rain during the austral winter months (Reason et al., 2002). 

Southern Africa’s summer rainfall experiences significant rainfall variability, with recurrent wet and dry 

spells and severe droughts (Richard et al., 2001). Drought is a natural phenomenon that occurs when 

there is a temporal imbalance of water availability due to a persistent lower-than-average precipitation 

over a certain period of time (Pereira et al., 2009). Several studies in the past have focused on the 

occurrence, intensity, impact and prediction of drought on an annual and seasonal basis. However, 

short-term drought (a dry spell) is equally vital to the agricultural sector, as the timing of the occurrence 

and intensity of the dry period is more important to plant growth than seasonal shortfalls in rainfall. 

Usman and Reason (2004) highlighted that a season with above-average rainfall may not be better 

than a below-average season over an agricultural region if the rainfall during the season is not well 

distributed in space and time. Crops are likely to grow better with evenly distributed rains than with 

intermittent heavy showers, interrupted by prolonged dry periods (Usman and Reason, 2004). Various 

crops, such as maize, are vulnerable to drought during specific phenological stages (Tadross et al., 

2009; Mupangwa et al., 2011). Water stress is one of the major limiting factors in dryland (rain-fed) 

agriculture. Its effects include stunted growth, delayed maturity and low crop productivity (Mzezewa et 

al., 2010). The flowering stage of maize has been found to be the most sensitive to water stress, for 

example, leading to reductions in crop growth, biomass production and, finally, yield (Du Plessis, 2003; 

Masupha et al., 2016). Therefore, planting dates should be chosen to ensure that the flowering stage 

of maize coincides with normally favourable growing conditions, and not with mid-summer drought 

periods (Du Plessis, 2003). 

Rainfall has been identified as the most pressing and significant factor limiting dryland (rain-fed) crop 

production in South Africa. The mid-summer period is particularly important since a lack of rain for even 

a few days during this period may decrease crop yield. Variability in seasonal rainfall totals alone may 

not explain the relationship between rainfall and crop yield, hence dry spell frequency analyses are 

used globally to investigate the implications of sub-seasonal rainfall variability on food security (Usman 

and Reason, 2004). Dry spells are defined as extended periods with no rainfall within a rainy season 

(Ngetich et al., 2014). Studies in semi-arid environments in sub-Saharan Africa have indicated that dry 

spells range between five and 15 days (Usman and Reason, 2004). It has been observed that, in the 

summer rainfall region of southern Africa, there is a break in rainfall during mid-summer when the 

baroclinic (mid-latitude cyclonic) regime in early summer switches to a dominantly barotropic (tropical) 

system, characteristic of late summer (Bhalotra, 1984). Apart from a study by Grobler (1993), little 

research has been devoted to short-term drought in South Africa, although a similar phenomenon, 

called the mid-season break, has been recognised in Zimbabwe (Unganai and Mason, 2002). 

The rainfall time series is characterised by periods of wetness (wet spells) and dryness (dry spells). 

Therefore, a threshold for defining wet and dry days is required when analysing wet or dry rainfall spells, 

since the frequency distribution of the length of the spells is dependent on the selected threshold 

(Bärring et al., 2006). Different thresholds have been used internationally based on the aspect of the 

spells that needed to be considered.  
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Moon et al. (1994) and Martin-Vide and Gomez (1999) have used 0.1 mm per day; Frei et al. (2003), 

Douguedroit (1987), and Usman and Reason (2004) have used a threshold of 1.0 mm in daily 

precipitation; Perzyna (1994) used a threshold of 2.0 mm per day; and Ceballos et al. (2004) have used 

a threshold of 10 mm in daily rainfall for wet- and dry-spell analysis. In addition, Reddy (1990) used a 

threshold of 3 mm per day, which is the minimum rainfall depth threshold value for crops to satisfy their 

crop water requirement during a growing season.  

In this study, a dry spell is defined as a period of five days (a pentad) during which rainfall totals are 

less than the predefined thresholds. In this study, three thresholds of 5 mm, 10 mm and 15 mm rainfall 

for a pentad were used to analyse dry spells. The study aims to perform a detailed spatial and temporal 

analysis of the occurrence of the mid-summer dry spells based on magnitude, and length and time of 

occurrence in South Africa’s summer rainfall region.  

3.3 DATA AND METHODOLOGY 

Daily rainfall data from the South African Weather Service’s data bank was used to investigate mid-

summer dry spells. Rainfall was either measured at individual manual rainfall stations or automatic 

weather stations. As mentioned in Kruger and Nxumalo (2017), measurements at manual stations were 

done at 08:00 SAST, and represent the accumulated rainfall over the preceding 24 hours, while AWS 

data represents the total rainfall accumulated over the period between 08:00 SAST during the previous 

day to 08:00 SAST on the current day. Only stations that were operational throughout the study period 

were selected, with at least 90% of daily values available. In cases where zero rainfall was recorded for 

relatively long periods, while the surrounding stations recorded significant rainfall amounts, the data 

was flagged and removed (Kruger and Nxumalo, 2017). 

Mid-summer dry spells occur between approximately late December and early January. The austral 

summer period is defined as the six-month period extending from October to March. A map illustrating the 

South African average rainfall totals, expressed as percentages, over the period October to March 

(1979−2018) is depicted in Figure 3.1. Climatological rainfall totals from October to March were calculated 

and related, as a percentage, to the annual rainfall totals (defined here as June to May to capture the full 

period from October to March). The study area receives 80% or more of its total annual rainfall in the 

period between October and March, as shown in Figure 3.1. Parts of the eastern coastal areas still receive 

significant rainfall during these months. However, they also receive rainfall during winter and spring, 

lowering the overall percentage for October to March (NCAR, 2018). From the summer rainfall region, 

which receives most of its rain between October and March (Figure 3.1), only 16 districts (Figure 3.2A) 

with homogeneous rainfall and seasonality (Kruger, 2011) from the maize-growing areas (Figure 3.2B) 

were used for further analysis. From the daily district rainfall (Kruger and Nxumalo, 2017), pentad 

summations were calculated, following the methodology used in Grobler (1993). Pentads were calculated 

using Julian days. For example, Pentad 1 refers to 1−5 January, while Pentad 73 refers to 

27−31 December. The extra leap year day, 29 February, was added to Pentad 10. Eight pentads between 

12 December (the start of Pentad 70) and 20 January (the end of Pentad 4) were selected for a detailed 

analysis of the mid-summer rainfall across the study area. 
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Figure 3.1: October to March rainfall totals compared with the annual rainfall totals (1979 to 2018) using 
the Climate Prediction Centre (CPC)’s unified gauge-based analysis of global daily precipitation 

 

Figure 3.2: (A) Rainfall districts for South Africa with provincial borders (SAWB, 1972), showing the 16 
selected districts with red polygons. (B) A map showing maize-growing areas (AgWeb, 2015). 

A dry- and wet-spell analysis was carried out using the Markov chain probability model for the threshold 

value of 3 mm rainfall depth per day (15 mm per pentad). A pentad with less than 15 mm rainfall was 

considered a dry pentad, while a pentad with 15 mm or more rainfall was considered a wet pentad. The 

Markov chain probability model calculates the initial probabilities of getting a dry or wet spell for a given 

pentad. The calculation of conditional probabilities provides information on the dry spell, followed by a 

dry or wet spell, and vice versa. The calculation of initial and conditional probabilities is given below. 

Initial probability: 

 𝑃𝐷 = 𝐹𝐷/𝑁         (1) 

 𝑃𝑊 = 𝐹𝑊/𝑁         (2) 
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Conditional probabilities: 

 𝑃𝐷𝐷 = 𝐹𝐷𝐷/𝐹𝐷        (3) 

 𝑃𝑊𝑊 = 𝐹𝑊𝑊/𝐹𝑊        (4) 

 𝑃𝐷𝑊 = 1 − 𝑃𝑊𝑊        (5) 

 

Consecutive dry and wet pentad probabilities 

2D = PDp1PDDp2         (6) 

2W= PWp1PWWp2        (7) 

3D = PDp1PDDp2 PDDp3      (8) 

3W = PWp1PWWp2 PWWp3                              (9)  

 

where PD  is the probability of the pentad being dry; PW is the probability of the pentad being wet; N is the 

number of years of data; FD is the number of dry pentads; FW is the number of wet pentads; PDD is the 

probability of a dry pentad preceded by a dry pentad; PWW is the probability of a wet pentad preceded by 

a wet pentad; PDW is the probability of a dry pentad preceded by a wet pentad; FDD is the number of dry 

pentads preceded by another dry pentad; FWW is the number of wet pentads preceded by another wet 

pentad; 2D is the probability of two consecutive dry pentads starting with a particular pentad; 2W is the 

probability of two consecutive wet pentads starting with the pentad; 3D is the probability of three 

consecutive dry pentads starting with the pentad; 3W is the probability of three consecutive wet pentads 

starting with the pentad; PDp1 is the probability of the pentad being dry (first pentad); PDDp2 is the probability 

of the second pentad being dry, given the preceding pentad being dry; PDDp3 is the probability of the third 

pentad being dry, given the preceding pentad being dry; PWp1 is the probability of the pentad being wet 

(first pentad); PWWp2 is the probability of the second pentad being wet, given the preceding pentad being 

wet; and PWWp3 is the probability of the third pentad being wet, given the preceding pentad being wet. 

3.4 RESULTS AND DISCUSSION 

3.4.1 Time series analysis of mid-summer rainfall 

Long-term mean monthly rainfall totals were plotted to investigate the seasonality and rainfall variability 

for all selected districts across the summer rainfall region. Results have indicated that the district rainfall 

plots exhibited austral summer rainfall seasonality with mean monthly rainfalls peaking in December. 

Examples of the plots are presented in Figure 3.3, showing rainfall seasonality for four districts covering 

different maize-growing regions of South Africa’s summer rainfall areas. 



Investigation of the historical and projected occurrence of South African mid-summer drought 

13 

 

Figure 3.3: Rainfall seasonality for four different maize-growing regions of South Africa. The black line 
is the median; the box covers the first and third quantile (25th and 75th percentiles); the whiskers are 1.5 
times the interquartile range; and the dots are outliers outside this range. 

Most studies of mid-summer dry spells evaluate an existing climatological dry period within a typical 

summer season (Bhalotra, 1984; Karnauskas et al., 2013; Perdigón-Morales et al., 2018). During this 

relatively dry period, precipitation is reduced by up to 40%, and constitutes a clear signal of the bimodal 

nature of the summer precipitation (Perdigón-Morales et al., 2018). However, this does not seem to be 

the case for the summer rainfall region of central South Africa.  

Pentad rainfall distributions for the 16 district rainfall regions contained within the study area are 

presented in Figure 3.4. Pentad rainfall distributions are clearly skewed towards the higher rainfall totals. 

This is a common feature with sub-monthly rainfall totals (e.g. days and weeks, or in this case, pentads). 

Rainfall totals for months and seasons tend to be less skewed compared to sub-monthly rainfall totals. 

This justifies the reason for defining dry periods with thresholds for the dry-spell analysis.  

 



Investigation of the historical and projected occurrence of South African mid-summer drought 

14 

 

Figure 3.4: Pentad rainfall distributions for the 16 district rainfall regions contained within the revised 
study area. The black line is the median; the box covers the first and third quantile (25th and 75th 
percentiles); whiskers are 1.5 times the interquartile range; and the dots are outliers outside this range. 

 

The total pentad rainfall for eight pentads in December and January was analysed to investigate the 

deviation from the climatological average of the number of dry pentads during the mid-summer period. 

Anomalies of dry pentad frequency are presented in Figure 3.5, using the three thresholds for the period 

1985 to 2015. Negative values indicate fewer dry pentads, and positive values indicate more dry 

pentads during the mid-summer period. Anomalies of dry pentad frequency plots for the four districts 

covering the different maize-growing regions of the summer rainfall areas of South Africa are shown in 

Figure 3.5. The non-parametric Mann-Kendall trend test analysis was performed to investigate trends 

in the frequency of dry spells during the mid-summer period (Hipel and McLeod, 1994; Libiseller and 

Grimvall, 2002). The trend analysis results for the 16 districts are presented in Table 3.1 for the dry 

pentads during the mid-summer using the three thresholds. Results indicate that there is no significant 

trend in the frequency of dry spells at a 95% confidence level. However, District 61 showed a decrease 

in 15 mm pentad rainfall totals at a 92% confidence level. Districts 86 and 91 have also shown a 

decrease in 5 mm pentad rainfall totals at 92% and 93% confidence levels, respectively. 
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Figure 3.5: Pentad anomaly frequency below average thresholds of 5 mm, 10 mm and 15 mm for eight 
pentads in December and January, covering the four different maize-growing regions of South Africa 

 

Box plots of annual frequencies of dry pentads during the mid-summer (December to January) using 

the three thresholds of 5 mm, 10 mm and 15 mm are presented in Figure 3.6. The bands inside the box 

plots show the medians and the ends of the whiskers (vertical lines), representing the minimum and 

maximum number of dry pentads. The number of dry pentads was higher for District 87 compared to 

districts 74, 75 and 85 (as shown in Figure 3.6), indicating more dry pentads for all three thresholds for 

the 30-year period. 

Table 3.1: The non-parametric Mann-Kendall test of dry pentads using three thresholds for 16 
homogeneous rainfall districts for the mid-summer period (1985 to 2015) 

District Thresholds 

> 5 mm > 10 mm > 15 mm 

Z-statistic Attained 

significance 

level 

Z-statistic Attained 

significance 

level 

Z-statistic Attained 

significance 

level  

60 -1.17 76% -0.68 50% -0.65 48% 

61 -0.64 48% -0.39 30% -1.73 92% 

62 0.06 5% 0.00 0% 0.91 63% 

63 0.19 15% -0.63 47% -0.53 40% 

72 -1.38 83% -0.13 10% -0.50 38% 

73 0.00 0% 0.33 26% 0.35 28% 

74 -0.25 19% -0.56 43% -0.64 48% 



Investigation of the historical and projected occurrence of South African mid-summer drought 

16 

District Thresholds 

> 5 mm > 10 mm > 15 mm 

Z-statistic Attained 

significance 

level 

Z-statistic Attained 

significance 

level 

Z-statistic Attained 

significance 

level  

75 -0.11 9% -0.09 8% - 0.15 12% 

83 -1.24 79% -1.31 81% -0.75 55% 

84 -0.02 1% 0.24 19% -0.43 33% 

85 1.21 77% -0.86 61% -0.13 10% 

86 -1.76 92% -1.43 85% -0.57 43% 

87 -0.02 2% 0.46 36% 0.24 19% 

91 -1.81 93% -0.62 47% -0.50 38% 

92 -0.17 13% 0.39 30% 0.53 40% 

93 -1.18 76% -0.45 35% -0.67 50% 

 

The Markov chain probability model was used for dry-spell analysis using a threshold value of 3 mm 

rainfall per day (15 mm per pentad), as presented in Table 3.2. A pentad with less than 15 mm rainfall 

was considered a dry pentad. The Markov chain probability model calculates the initial probabilities of 

getting a dry spell (PD); the conditional probabilities of a dry spell followed by dry spell (PDD); and two (2D) 

and three (3D) consecutive dry spells. Climatologically, districts 72, 83 and 93 have a higher likelihood of 

having consecutive dry spells than the other regions. Consecutive dry spells also seem more likely to 

occur during Pentad 73 and Pentad 1. These results are in agreement with the findings of Grobler (1993), 

which reported mid-summer dry spells for the study area that lasted on average seven to 14 days, 

occurring typically at the end of December and the beginning of January. 

 

Figure 3.6: The number of pentads below average thresholds of 5 mm, 10 mm and 15 mm for the eight 

pentads in December and January (1985−2015) covering South Africa’s four different maize-growing 
regions 
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Table 3.2: Markov chain probability results for the 16 rainfall districts in the study area for the mid-

summer period (1985−2015) using a threshold value of 3 mm rainfall per day (15 mm per pentad).  
(A) Probability for a single dry pentad – PD. (B) Probability for a dry pentad given the previous pentad 

being dry – PDD. (C) Probability of two consecutive pentads being dry, starting with the pentad − 2D.  

(D) Probability of three consecutive pentads being dry starting with the pentad − 3D. 

(A) PD 

District 
Pentad 

70 71 72 73 1 2 3 4 

60 51.60 45.20 38.70 61.30 61.30 51.60 61.30 54.80 

61 38.70 51.60 38.70 51.60 58.10 48.40 58.10 48.40 

62 38.70 41.90 35.50 45.20 51.60 32.30 45.20 32.30 

63 45.20 41.90 29.00 54.80 64.50 41.90 71.00 51.60 

72 77.40 67.70 54.80 61.30 71.00 64.50 51.60 51.60 

73 64.50 54.80 45.20 67.70 67.70 67.70 64.50 58.10 

74 41.90 45.20 29.00 41.90 51.60 48.40 61.30 41.90 

75 51.60 45.20 29.00 45.20 51.60 48.40 54.80 45.20 

83 77.40 64.50 45.20 74.20 77.40 71.00 74.20 67.70 

84 58.10 58.10 51.60 54.80 67.70 51.60 71.00 48.40 

85 48.40 61.30 48.40 61.30 71.00 45.20 61.30 41.90 

86 45.20 54.80 38.70 41.90 58.10 48.40 64.50 48.40 

87 64.50 61.30 54.80 71.00 74.20 51.60 67.70 67.70 

91 71.00 67.70 58.10 67.70 71.00 58.10 80.60 67.70 

92 71.00 61.30 64.50 61.30 77.40 54.80 71.00 54.80 

93 67.70 64.50 64.50 71.00 74.20 61.30 58.10 51.60 
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(B) PDD 

District 
Pentad 

70 71 72 73 1 2 3 4 

60 29.00 22.60 25.80 25.80 33.30 35.50 29.00 35.50 

61 22.58 19.35 25.81 25.81 26.67 25.81 25.81 25.81 

62 9.70 16.10 12.90 19.40 20.00 19.40 12.90 12.90 

63 12.90 19.40 12.90 16.10 36.70 16.10 32.30 32.30 

72 41.90 54.80 41.90 29.00 50.00 51.60 29.00 29.00 

73 29.00 32.30 29.00 25.80 46.70 58.10 38.70 38.70 

74 16.10 19.40 19.40 9.70 20.00 32.30 29.00 19.40 

75 12.90 22.60 16.10 9.70 20.00 35.50 25.80 16.10 

83 41.90 48.40 25.80 35.50 63.30 61.30 48.40 48.40 

84 22.60 35.50 25.80 25.80 40.00 48.40 41.90 35.50 

85 19.40 22.60 35.50 25.80 46.70 41.90 32.30 25.80 

86 16.10 22.60 22.60 16.10 20.00 35.50 32.30 29.00 

87 22.60 41.90 32.30 41.90 56.70 41.90 38.70 41.90 

91 54.80 51.60 35.50 41.90 53.30 51.60 45.20 54.80 

92 41.90 45.20 41.90 41.90 50.00 51.60 35.50 29.00 

93 35.50 38.70 41.90 45.20 56.70 58.10 32.30 25.80 
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(C) 2D 

District 
Pentad 

70 71 72 73 1 2 3 4 

60 11.70 11.70 10.00 20.40 21.70 15.00 21.70 14.20 

61 7.49 13.32 9.99 13.76 14.98 12.49 14.98 10.93 

62 6.24 5.41 6.87 9.03 9.99 4.16 5.83 4.16 

63 8.70 5.40 4.70 20.10 10.40 13.50 22.90 15.00 

72 42.50 28.40 15.90 30.60 36.60 18.70 15.00 15.00 

73 20.80 15.90 11.70 31.60 39.30 26.20 25.00 13.10 

74 8.10 8.70 2.80 8.40 16.60 14.00 11.90 4.10 

75 11.70 7.30 2.80 9.00 18.30 12.50 8.80 8.70 

83 37.50 16.60 16.00 47.00 47.50 34.30 35.90 30.60 

84 20.60 15.00 13.30 21.90 32.80 21.60 25.20 12.50 

85 10.90 21.70 12.50 28.60 29.80 14.60 15.80 8.10 

86 10.20 12.40 6.20 8.40 20.60 15.60 18.70 6.20 

87 27.10 19.80 23.00 40.20 31.10 20.00 28.40 37.10 

91 36.60 24.00 24.30 36.10 36.60 26.20 44.20 24.00 

92 32.00 25.70 27.10 30.60 40.00 19.50 20.60 14.20 

93 26.20 27.10 29.10 40.20 43.10 19.80 15.00 21.60 
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(D) 3D 

District 

Pentad 

70 71 72 73 1 2 3 4 

60 3.01 3.01 3.33 7.25 6.31 5.32 5.61 3.20 

61 1.93 3.44 2.66 3.55 3.87 3.22 3.38 3.17 

62 0.81 1.05 1.37 1.75 1.29 0.54 0.75 0.81 

63 1.13 0.87 1.72 3.24 3.36 4.36 6.65 2.42 

72 17.80 8.20 8.00 15.80 10.60 5.40 4.40 3.90 

73 6.00 4.10 5.40 18.40 15.20 10.20 5.60 3.40 

74 1.57 0.85 0.56 2.71 4.83 2.72 1.15 0.92 

75 1.88 0.70 0.56 3.20 4.73 2.01 1.71 1.41 

83 9.70 5.90 10.10 28.80 23.00 16.60 16.20 11.80 

84 5.30 3.90 5.30 10.60 13.70 7.70 6.50 3.60 

85 3.88 5.61 5.83 11.99 9.60 3.76 3.06 2.09 

86 2.30 2.00 1.25 2.98 6.65 4.53 2.42 1.81 

87 8.70 8.30 13.00 16.90 12.00 8.40 15.60 20.40 

91 13.00 10.08 12.99 18.65 16.54 14.38 15.69 9.30 

92 13.40 10.80 13.50 15.80 14.20 5.60 5.30 3.70 

93 11.00 12.20 16.50 23.40 13.90 5.10 6.30 9.80 

 

3.4.2 Spatial analysis of mid-summer rainfall 

The episode of dry spells (EP) is the number of consecutive dry spells (≥ two pentads) in one mid-

summer period (mid-December and mid-January) averaged over a 30-year period with less than the 

threshold value of 15 mm per pentad. As shown in Figure 3.7, the mean EP values varied from 1.69 to 

2.10 across the selected districts. Higher mean EP values were observed in districts 75, 86 and 91 in 

Mpumalanga, Limpopo and North West, respectively. Most dry spell episodes with higher EP values 

are concentrated in the north-central part of the study area. Similarly, the standard deviation (STD) of 

the EP values, shown in Figure 3.8, illustrates that the largest deviation from the mean EP value is in 

District 74. Although higher mean values of EP were noticed in the north-central part of the study area, 

deviations from the mean EP values are relatively small.  
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Figure 3.7: The mean episode of dry spells during mid-December and mid-January using a threshold 

value of 15 mm for the period 1985−2015 

 

Figure 3.8: The standard deviation of the episode of dry spells during mid-December and mid-January 

using a threshold value of 15 mm for the period 1985−2015 
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The average maximum duration of dry spells (DD), which represents the maximum duration of 

consecutive dry spells using a threshold of 15 mm between mid-December and mid-January per year, 

is depicted in Figure 3.9. The associated deviations from the mean in each district (standard deviation 

of DD) is shown in Figure 3.10. There is a close range of mean DD values across the districts. However, 

there is a decline in the duration of dry spells from the west to the east of the study area. As shown in 

Figure 3.9, high mean DD values are noticeable in districts 83 and 92 in the Free State and North West. 

This indicates that dry pentads are more evident over these districts during the mid-summer period, 

compared to other districts. Larger deviations from the mean DD value were also observed for rainfall 

districts 83 and 92, compared to the other districts, as shown in Figure 3.10. 

 

Figure 3.9: The mean maximum duration of dry pentads during mid-December and mid-January using 

a threshold value of 15 mm for the period 1985−2015 
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Figure 3.10: The standard deviation of the maximum duration of dry pentads during mid-December and 

mid-January using a threshold value of 15 mm for the period 1985−2015 

3.4.3 Impacts of dry spells on maize production 

Several studies on rainfall variability in southern Africa have reported both intra-seasonal and inter-

annual variability in summer, which is the main cropping season of the region (Landman and Tennant, 

2000; Usman and Reason, 2004; Tadross et al., 2005; Mupangwa et al., 2011; Crétat et al., 2011). This 

observed variability in rainfall and its impact on crop yield makes the southern African region prone to 

food insecurities. Although the relationships between the total rainfall and crop yield are clear, it is often 

the variability in seasonal rainfall characteristics, such as onset, cessation and dry spells, that are 

important and have adverse effects on agriculture (Tadross et al., 2009). 

The maize-growing season experiences different rainfall characteristics, such as dry spells, which may 

impact on phenology and lead to reduced crop yield (Tadross et al., 2009; Moeletsi and Walker, 2012). 

Maize is mostly planted on drylands in most parts of southern Africa, which are sensitive to water stress 

(Zinyengere et al., 2014). The yield and quality of maize depend on the distribution of rainfall during the 

different phenological stages, in addition to other factors (Tadross et al., 2009, Mupangwa et al., 2011). 

Most studies have shown that maize plants are more sensitive to water stress during the silking and 

pollination stages, compared to the vegetative stage (Du Plessis, 2003; Masupha et al., 2016).  

Several studies have been conducted on dry and wet spell analysis over southern Africa, with an 

emphasis on their impact on crop yield (e.g. Usman and Reason, 2004; Tadross et al., 2009; Mupangwa 

et al., 2011; Moeletsi and Walker, 2012; and Duffy and Masere, 2015). However, except for the study 

by Grobler (1993), little research has been devoted to mid-summer dry spells, which usually coincide 

with the water-sensitive growth stages of maize. In this study, a detailed spatial and temporal analysis 

of the mid-summer dry spells was performed for the maize-growing areas of the summer rainfall region 

in South Africa using three thresholds, 5 mm, 10 mm and 15 mm of total rainfall for a pentad.  
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As shown in the previous sections, the frequency (figure 3.5 and 3.6), magnitude (Figure 3.7) and 

duration (Figure 3.9) of mid-summer dry spells differ across the rainfall districts in the maize-growing 

areas of the summer rainfall region in South Africa. These results are in agreement with the findings of 

Grobler (1993), who reported an increase in length, intensity and probability of occurrence of dry spells 

from east to west across the study area. 

The annual frequency of dry pentads for the mid-summer period ranged between 0 and 4 pentads for the 

5 mm threshold, and 1 to 7 for the 10 mm and 15 mm thresholds, as presented in Figure 3.3. These results 

are comparable with the study of Usman and Reason (2004), who reported mean frequencies of dry spells 

for the study area ranging between 1 and 7 pentads using a threshold of 5 mm for the austral summer 

season (December to February). For meteorological and some hydrological applications, the 5 mm and 

10 mm thresholds are useful and may suffice. However, for crop production, the 15 mm  threshold pentad 

rainfall (3 mm per day) is more applicable. Reddy (1990) proposed the use of a 3 mm threshold per day 

(15 mm per pentad), which is the minimum rainfall depth threshold value for crops to satisfy their crop 

water requirement during a growing season. For regions with high evaporative demand, Stern et al. (2006) 

suggested using a higher threshold of 4.95 mm to define a wet day. 

Markov chain probability results for the 16 rainfall districts considered in the study area for the mid-

summer period (1985−2015) show that there is a 32 to 80% probability that a single pentad will be dry, 

using the 15 mm threshold (Table 3.2). There is also a 5 to 48% probability of experiencing two 

consecutive dry pentads, and for the same period, there is a 1 to 29% probability of having three 

consecutive dry pentads in the study area, as shown in Table 3.2. These results show the probabilities 

of mid-summer pentads with rainfall less than 15 mm for the different rainfall districts. During a dry 

pentad, crops might not be affected if enough soil moisture is available. However, districts  that 

experience two and three consecutive dry pentads (e.g. 72, 83 and 93) are likely to be water-stressed. 

These dry spells, compounded with the high temperatures experienced during the study period, may 

harm the quality and yield of maize.  

Information on dry spell characteristics, such as frequency, duration and intensity with respect to maize 

crop phenology, is very important for dryland maize production. Studies in parts of the study area in 

Limpopo by Mzezewa et al. (2010) and Tshililo (2017) have highlighted that dry spells are among the most 

important determinants of maize yield reduction, if coincided with the water stress-sensitive stages of the 

maize crop. Therefore, planting dates should be chosen to ensure that these stages coincide with normally 

favourable growing conditions, and not with mid-summer dry-spell periods (Du Plessis, 2003). In-situ 

rainwater harvesting is a viable option to alleviate water stress in dryland or rain-fed maize production. 

Moreover, information on the length of dry spells could be used to select drought-tolerant crop varieties 

and could also be used as a guide to plan supplementary irrigation during a mid-summer dry spell. 

3.5 SUMMARY AND CONCLUSIONS 

Rainfall is one of the most important factors limiting dryland crop production in South Africa. The mid-

summer period is particularly significant, since a lack of rain for a few days during this period may affect 

crop yield negatively. Dry spell frequency analyses are used to investigate the effects of sub-seasonal 

rainfall variability on crop yield, since variability in seasonal rainfall totals alone do not necessarily show 

the relationship between rainfall and crop yield. However, little research has been dedicated to short-

term drought studies in South Africa. 

In this study, a dry spell was defined as a pentad with rainfall totals lower than a predefined threshold. 

Three thresholds, 5 mm, 10 mm and 15 mm of rainfall for a pentad, were used to analyse dry spells. 

This study investigated the spatial and temporal occurrences of the mid-summer dry spells based on 

magnitude, length and time of occurrence in the summer rainfall region of South Africa.  



Investigation of the historical and projected occurrence of South African mid-summer drought 

25 

The existence of a climatological dry period within the main rainfall season was investigated using the 

monthly rainfall totals from October to March. The results show that, climatologically, mid-summer 

months do not experience lower rainfall than the early and late summer months. However, the dry-spell 

analysis showed that, during mid-summer, dry pentads occur with a different intensity, duration and 

frequency across the maize-growing areas of the summer rainfall region. The non-parametric Mann-

Kendall trend analysis for the dry pentads during the mid-summer for 16 selected homogeneous rainfall 

districts indicates that there is no significant trend in the frequency of dry spells at a 95% significance 

level. The initial and conditional probabilities of getting a dry spell using the Markov chain probability 

model also showed that there is a 32 to 80% probability that a single pentad will be dry using the 15 mm 

threshold. There is a 5 to 48% probability of experiencing two consecutive dry pentads and a 1 to 29% 

probability of having three consecutive dry pentads. Consecutive dry spells mostly seem to occur during 

Pentad 73 (the end of December) and Pentad 1 (the beginning of January).  Furthermore, the Markov 

chain probability analysis showed a decrease in the probability of dry spells from west to east of the 

study area. An analysis of the duration and intensity of dry spells also showed a decrease from west to 

east of the study area.   
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 CHAPTER 4: SYNOPTIC ANALYSIS OF THE MID-

SUMMER DRY SPELLS FOR THE SUMMER 

RAINFALL REGION OF SOUTH AFRICA 

4.1  ABSTRACT  

South Africa is a semi-arid country that is prone to the occurrence of droughts caused by significant 

temporal and spatial rainfall variability. The larger part of South Africa receives rainfall during the austral 

summer months. However, dry spells can occur over the summer rainfall region during this period. The 

occurrence of mid-summer dry spells is critical to crop production, since the timing of the breaks in 

rainfall relative to the crop growth stages can be more important than the total seasonal rainfall for crop 

production. An approach to better understand intra-seasonal rainfall characteristics is to investigate the 

intra-seasonal variability of daily synoptic-scale atmospheric circulation systems. The most common 

approach to synoptic climatology is to partition the atmospheric state into broad categories, and to relate 

these synoptic categories to some dependent variable. Self-organising maps offer a useful technique 

to classify synoptic circulation patterns, visualise the complex distribution of synoptic states and identify 

noticeable weather patterns. This study investigates the synoptic weather systems associated with mid-

summer dry spells over South Africa. Self-organising maps were used for the synoptic classification 

using the ERA5 global reanalysis dataset. Ward’s clustering technique was applied to objectively 

arrange the SOM circulation patterns into groups with similar characteristics. Climate drivers, such as 

ENSO, were also investigated to identify noticeable drivers of South African mid-summer dry spells in 

synoptic weather patterns. Ward’s clustering results indicate two primary weather patterns that have a 

dominant effect on mid-summer rainfall patterns, namely the strong subtropical ridge, and the summer 

troughs and easterly weather. Results show that ENSO has a strong influence on the mid-summer 

weather patterns of the study area.  

Keywords: Mid-summer; dry spells; synoptic climatology; climate drivers; self-organising maps 
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4.2  INTRODUCTION 

South Africa is considered a semi-arid country with most of the country’s annual rainfall totals below 

500 mm (Taljaard, 1996). Across most of South Africa, rainfall occurs during the austral summer months 

(October to March). This rainfall results from large synoptic-scale rain-bearing systems like tropical 

temperate troughs (TTTs) and smaller convective-scale heat-induced thunderstorms (Harrison, 1984; 

Hart et al., 2010). The most significant increase in rainfall over the summer rainfall region follows a 

circular path that starts in September along the south-east and east coast, after which the increase in 

rainfall spreads to the eastern interior parts in October, extending to the western interior from October 

to November (Taljaard, 1986). In December, a break or hiatus occurs in the rising rainfall over large 

parts of the summer rainfall region (Taljaard, 1986). Dry spells occur during the summer season, with 

the mid-summer period being critical to agricultural crop production because it coincides with the 

moisture-sensitive growth stage of grain crops. The other distinct rainfall regions over South Africa occur 

along the southern coast of the country where rainfall occurs all year round (Engelbrecht et al., 2015), 

as well as in the south-western region, which receives the majority of its rain during the winter months 

due to passing mid-latitude cyclonic systems (Reason et al., 2002). 

Southern Africa is a region prone to the occurrence of droughts and floods caused by significant 

temporal and spatial rainfall variability (e.g. Tyson, 1986; Jury and Levey, 1993; Lindesay, 1988; Mason 

and Joubert, 1997; Rouault and Richard, 2003; Malherbe et al., 2016). Summer rainfall variability has 

been linked to tropospheric circulation changes (Tyson, 1981; Miron and Tyson, 1984; Barclay et al., 

1993), ENSO and regional sea surface temperature (SST) anomalies (Walker, 1990; Landman and 

Mason, 1999; Reason and Mulenga, 1999; Reason et al., 2000; Richard et al., 2000; Landman and 

Beraki, 2010). Of all the climate drivers, ENSO is the primary driver associated with summer rainfall 

variability, with El Niño events frequently associated with drier-than-normal conditions over southern 

Africa (e.g. Van Heerden et al., 1988) and a higher-than-normal occurrence of dry-spell frequencies 

over the summer rainfall regions (Usman and Reason, 2004). 

Numerous studies have examined rainfall variability over the summer rainfall region of southern Africa 

(Harrison, 1984; Lindesay, 1988; Mason, 1995; Reason and Rouault, 2002) using monthly or seasonal 

anomalies. The dominant rainfall-producing weather system over southern Africa during the austral 

summer is composed of synoptic-scale TTTs (Tyson, 1986; Hart et al., 2012). The TTT system forms 

tropical-extratropical cloud bands and related atmospheric convection that extend along the northwest-

southeast direction over both the land mass and the adjacent south-west Indian Ocean region (Harrison, 

1984; Todd and Washington, 1999; Washington and Todd, 1999; Todd et al., 2004). The remaining 

summer rainfall amounts are produced by rain-bearing tropical convection mechanisms (Harrison, 

1984; Jury et al., 1996), such as regional thermal low pressures (Tyson and Preston-Whyte, 2000; 

Reason et al., 2006). Although TTTs and rain-bearing tropical convection mechanisms are regarded as 

the primary summer synoptic rainfall-producing system over South Africa, their physical and dynamic 

characteristics are complex and not yet well understood (Crétat et al., 2012), even though their 

contribution to the summer rainfall has been quantified (e.g. Hart et al., 2012). 

Temporal and spatial rainfall variability studies are paramount to many fields, such as agriculture and 

water resource management. For crop production, the distribution of rainfall can be more important than 

the total amount of rainfall received over the growing season. The timing of breaks in rainfall (dry spells) 

relative to the cropping calendar, rather than total seasonal rainfall, is fundamental to crop viability 

(Usman and Reason, 2004). Rainfall characteristics within a season can provide valuable information, 

which will result in a better understanding of rainfall variability (Tennant and Hewitson, 2002). To better 

understand the overall rainfall characteristics of a season, it is advisable to investigate the variability of 

daily weather circulation systems during the season. According to Hewitson and Crane (2002), the most 

common approach to synoptic climatology is to partition the atmospheric state into broad categories, 

and to relate these synoptic categories (or types) to some dependent variable.  
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Early approaches used classifications based on generalising the circulation into synoptic types (Yarnal 

et al., 2001). Self-organising maps (Kohonen, 2001) offer an approach to investigate synoptic 

climatology patterns. They are regarded as a suitable technique for visualising the complex distribution 

of synoptic states. Self-organising maps are also useful for weather pattern identification, where the 

daily transitions between weather patterns are important (Hewitson and Crane, 2002). SOMs have been 

used in several southern African region studies dealing with weather patterns (e.g. Hewitson and Crane, 

2002; Tennant and Hewitson, 2002; Tozuka et al., 2014; Van Schalkwyk and Dyson, 2013; Engelbrecht 

et al., 2015).  

In this study, SOMs were applied to explore the association between daily synoptic weather patterns 

and rainfall during the mid-summer period, which is occasionally associated with a decline in rainfall 

relative to the remainder of the summer season. The aim of this study is to perform a synoptic diagnosis 

to identify the synoptic weather system drivers of the South African mid-summer dry spells, which are 

known (e.g. Taljaard, 1986), but not yet well understood.  

4.3  DATA AND METHODOLOGY 

4.3.1 Data sources 

4.3.1.1 European Centre for Medium-range Weather Forecasts re-analysis data 

Synoptic circulation data was obtained from the global reanalysis dataset (ERA5, 2019) of the European 

Centre for Medium-range Weather Forecasts. ERA5 provides hourly estimates of a large variety of 

atmospheric, land and oceanic climate variables. The data covers the earth on a 30 km grid resolution 

and resolves the atmospheric flow and processes over 137 levels from the surface up to a height of 

80 km. ERA5 includes information about uncertainties for all variables at reduced spatial and temporal 

resolutions (ECMWF, 2019). For the analysis of the lower and mid-troposphere, two fields were 

obtained from the Copernicus Climate Data Store. These fields are daily 850 hPa and 500 hPa 

geopotential heights, both measured at 00:00 UTC. 

4.3.1.2 District rainfall 

The South African Weather Service maintains an in-house rainfall dataset where the country is divided 

into 94 rainfall districts (SAWB, 1972) (Figure 4.1). The delineation of these districts was based on the 

annual changes of maximum rainfall, and the boundaries between the winter, whole-year and summer 

rainfall regions. A daily district rainfall total is calculated as the average of the daily values available in 

the district (Kruger and Nxumalo, 2017).  
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Figure 4.1: District rainfall regions in South Africa (a), and the rainfall occurrence during the four main 
seasons, Dec-Jan-Feb (DJF) (b), Mar-Apr-May (MAM) (c), Jun-Jul-Aug (JJA) (d) and Sep-Oct-Nov 
(SON) (e). The size of the black dots is scaled to the relative rainfall received in each season. 

4.3.1.3 Climate drivers 

At longer time scales (e.g. months to seasons), climate drivers have a distinct impact on the climate of 

southern Africa. Climate drivers to be investigated in this study are ENSO, the Southern Annular Mode 

and the South-West Indian Ocean (SWIO). Indices of these climate drivers were obtained from the 

State of the Ocean Climate website, administered by the National Oceanic and Atmospheric 

Administration (NOAA) (2019). The calculation methods used and information regarding the data can 

also be found at https://stateoftheocean.osmc.noaa.gov/. 

It is well known that the climate drivers mentioned above have an influence on southern Africa’s climate 

variability during the austral summer. Malherbe et al. (2016) investigated drought occurrences over 

South Africa linked to both ENSO and SAM. Reason and Mulenga (1999) highlighted studies of Walker 

(1990) and Mason (1995), where Walker (1990) suggested increased easterlies during warmer SWIO 

events, with a subsequent effect on TTTs. Mason (1995) suggested a significant influence of the TTTs 

through principal component analysis (PCA), coming from the SWIO region. 

4.3.2 Methodology 

4.3.2.1 Self-organising maps 

A clustering system is used to group the daily atmospheric circulation into recognisable synoptic 

circulation patterns. The clustering of data tends to expose groups within a dataset, and each group will 

result in a distinct classification of the clustering variable (Tambouratzis and Tambouratzis, 2008). 

SOMs were used as a technique to cluster the forecasts (see Kohonen, 2001) since they have been 

used extensively in atmospheric sciences (e.g. Tennant and Hewitson, 2002; Engelbrecht et al., 2015; 

Lennard and Hegerl, 2015).  

SOMs were used to conduct a synoptic classification for the period 1 January 1979 to 31 December 2018, 

based on daily 00Z 850 hPa and 500 hPa circulation patterns from the ERA5 reanalysis data. The native 
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ERA5 grid (0.25) was resampled to a 0.75 × 0.75 horizontal grid. The SOM covered the domain of 

10 to 40 S and 0 to 54 E to capture the influences of both the tropical and mid-latitude weather 

systems affecting southern Africa. 

The dual dataset, after normalisation, was ingested into the SOM to create a 5 × 7 node matrix. SOMs 

with 35 nodes, derived from daily data for multiple calendar years, were considered for the southern 

African domain before capturing the main circulation patterns and their various configurations (e.g. 

Tennant and Hewitson, 2002; Engelbrecht et al., 2015). Each of the nodes in the matrix consists of a 

regular two-dimensional structure, based on the two variables clustered. The 850 hPa heights were 

chosen to develop the SOM together with the 500 hPa circulation patterns, as these atmospheric 

circulation levels influence rainfall over the region (e.g. Taljaard, 1996). The SOM subsequently calculated 

the accompanying 850 hPa circulation patterns with associated 500 hPa synoptic conditions. Ward’s 

clustering technique was used to identify eight main circulation patterns from the 35 nodes, and is applied 

to objectively group the SOM circulation patterns into groups with similar characteristics (Wilks, 2011).  

4.3.3.2 District rainfall analysis 

From the daily district rainfall data, pentad summations were calculated following the methodology used 

in Grobler (1993). Pentads were calculated using Julian days. For example, Pentad 1 refers to  

1−5 January and Pentad 73 refers to 27−31 December. The extra leap year day, 29 February, was 

added to Pentad 10. Eight pentads between 12 December (the start of Pentad 70) and 20 January (the 

end of Pentad 4) were selected for a detailed analysis of the mid-summer rainfall in the study area. A 

threshold of 3 mm per day (15 mm per pentad), which is the minimum rainfall needed for crops to satisfy 

their water requirement during a growing season, was used (Reddy, 1990), in combination with the 

accompanying atmospheric circulation as identified by the SOM analysis. 

4.4  RESULTS AND DISCUSSION 

4.4.1 Circulation pattern classification 

The SOM performed on the 850 hPa and 500 hPa geopotential height fields is shown in Figure 4.2, with 

the seasonal cycle of occurrences for each of the nodes presented in Figure 4.3. Generally, the winter 

nodes are found in the left columns of the matrix, with the summer nodes in the right columns. A high 

degree of variability was observed within the typical winter circulation patterns (e.g. Node 1 versus 

Node 29) and the typical summer circulation patterns (e.g. Node 7 versus Node 35). However, take 

note that emphasis will be placed on investigating synoptic weather patterns during the South African 

mid-summer dry-spell period. 
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Figure 4.2: A 7 x 5 matrix output from the SOM indicating the normalised circulation patterns for the 

period 1979−2018 (850 hPa shaded and 500 hPa contour). The percentage of occurrence per node is 
also indicated. 

Since the SOM was constructed using multi-variables (850 hPa and 500 hPa geopotential heights), the 

input data to the SOM analysis first needed to be normalised. Hence, for easier reference to weather 

systems, Figure 4.4 is a composite of the modelled geopotential heights used to construct the SOM. 

For ease of reference to the different weather systems affecting southern Africa, the 35 SOM nodes 

were also sorted into eight groups, with the SOM nodes in each group representing the various 

configurations of the particular weather system. This grouping of the SOM nodes into eight groups was 

achieved by applying Ward’s clustering method (Figure 4.5). These eight groups constitute a range of 

weather systems and their different characteristics as found across the different seasons. A description 

of the eight circulation patterns (groups A to H), as well as the season to which they mostly relate, is 

given in Table 4.1. 
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Figure 4.3: The number of occurrences (y-axis) per month (x-axis), indicating the annual cycle per node 

Table 4.1: Seasonal circulation patterns based on Ward’s clustering 

Winter circulation patterns Transition seasons Summer circulation patterns 

A: Anticyclonic circulation  D: Trough south-east of the 
subcontinent/ridging high 

F: Ridging highs 

B: Anticyclonic circulation, but 
less intense than that of Group A 

E: Westerly wave activity G: Westerly wave south of the 
country 

C: Cold front passage  H: TTT / easterly weather 
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Figure 4.4: The average ERA5 geopotential heights (850 hPa shaded and 500 hPa contour) per node 

 

Figure 4.5: The eight clusters from the 35 SOM nodes identified by Ward’s clustering indicated in red 
boxes surrounding the matching nodes 

In Figure 4.6, all mid-summer days from 1979 to 2018 (1 400 days) are mapped to the SOM space in 

order to investigate the potential relationship between the occurrence of synoptic patterns and mid-

summer rainfall characteristics. The groups, as identified by Ward’s clustering, are also shown.  
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As indicated in Table 4.2, groups F, G and H contribute to more than 98% of the circulation during the 

defined mid-summer period. Of these groups, Group H occurs nearly half of the time (47.2%) during the 

defined mid-summer period. Also shown in Table 4.2, nodes 33, 34 and 35 occur 8%, 12% and 9.29% of 

the time, respectively. In circulation groups F and G, nodes 7, 13, 20 and 21 appear to have a noteworthy 

frequency of occurrences. 

 

Figure 4.6: The 850 hPa circulation patterns per node for the mid-summer period (12 December to 
20 January). The number of days of the possible 1 400 days per node is indicated above each node. 
Clustered patterns A to H indicate clusters identified by Ward’s clustering system (Figure 4.5). 

 

Table 4.2: Percentage of days per node for the mid-summer period (12 December to 20 January) 
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26 
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27 
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28 
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0.07 

30 

0.07 
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0.07 
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33 

8.00 
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12.00 
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4.4.2 Relative frequency of dry spells 

Relative occurrence frequencies were calculated during overlapping occurrences in the SOM analyses, 

as well as the occurrence of pentad totals of below 15 mm and above 30 mm. For the purpose of this 

study, pentad totals of less than 15 mm are defined as dry spells, as more than 15 mm per pentad is 

required for crop growth during the mid-summer period. Wet spells are defined as pentads where more 

than 30 mm of rainfall occurred. The reason to consider both dry and wet spells is to simplify 

distinguishing SOM nodes from rain-bearing systems that provide good rainfall for crop growth against 

systems that are associated with the minimum rainfall requirement for crop growth during the mid-

summer period. As an example of the calculation for the relative frequency difference maps, the relative 

frequencies of the 35 nodes for a district (within the maize-growing region) are presented in Figure 4.7. 

Node frequencies were sorted from high to low to accentuate their importance during mid-summer. 

Relative frequencies were calculated in three different instances: the relative frequency of the SOM 

nodes was calculated throughout all mid-summers over the entire 1979−2017 period; the data was split 

into two new time series, one which only had the nodes during dry spells and the other consisting of the 

nodes during wet spells; and the relative frequencies were recalculated for the two new series and the 

differences between the normal relative frequency. Results are presented in Figure 4.7. 

 

Figure 4.7: Relative frequencies of dry (< 15 mm, left) and wet (> 30 mm, right) spells during mid-
summer pentads for Region 74 (as an example). Node frequencies ordered according to their total 
relative occurrence (bold black line). 

The difference between the relative frequency of dry and wet spells for each of the 94 district rainfall 

regions was considered to map the possible influences of each of the 35 nodes on rainfall distribution 

during mid-summer, as shown in figures 4.8 to 4.11. Figure 4.8 illustrates the difference between nodes 

34 and 35, both classified as TTTs and easterly weather, but with significantly different rainfall 

distribution during the mid-summer.  
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Node 34 is more associated with wetter pentads, whereas Node 35 is associated with dry pentads. 

Similarly, nodes 27 and 28 show the same effect (Figure 4.9), although these nodes occur relatively 

less frequently than nodes 34 and 35. Focusing on the ridging high group of nodes (F), similar 

differences were observed between the nodes in the second last and last columns (from Figure 4.3). 

Figures 4.10 and 4.11 show these differences between nodes 6 and 7, and 13 and 14, respectively. 

 

Figure 4.8: Relative frequency difference of dry (< 15 mm) and wet (> 30 mm) spells during mid-summer 
pentads for nodes 34 (left) and 35 (right). Coloured dot size is scaled first by mid-summer rainfall totals, 
and then by the magnitude of the difference between the dry and the wet spells. 

 

Figure 4.9: Relative frequency difference of dry (< 15 mm) and wet (> 30 mm) spells during mid-summer 
pentads for nodes 27 (left) and 28 (right). Coloured dot size is scaled first by mid-summer rainfall totals, 
and then by the magnitude of the difference between the dry and the wet spells. 
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Figure 4.10: Relative frequency difference of dry (< 15 mm) and wet (> 30 mm) spells during mid-
summer pentads for nodes 6 (left) and 7 (right). Coloured dot size is scaled first by mid-summer rainfall 
totals, and then by the magnitude of the difference between the dry and the wet spells. 

 

Figure 4.11: Relative frequency difference of dry (< 15 mm) and wet (> 30 mm) spells during mid-
summer pentads for nodes 13 (left) and 14 (right). Coloured dot size is scaled first by mid-summer 
rainfall totals, and then by the magnitude of the difference between the dry and the wet spells.  

Nodes 34 and 35 characterise the most pronounced difference in the occurrence of dry and wet spells. 

Even though nodes 34 and 35 are adjacent nodes within the SOM space, the subtle difference in the 

depth of the surface trough over the western interior (a deeper trough is evident in Node 34) and the 

ridge to the east of the country (Node 35) appears to have an influence on rainfall characteristics. The 

deeper surface trough over the western to central interior, displayed in Node 34, can aid in the higher 

frequency of > 30 mm rainfall events over the eastern interior, whereas the specific configuration of the 

ridge east of the country, as displayed in Node 35, can be associated with stable conditions over the 

north-eastern parts of the country, and hence a higher frequency of < 15 mm rainfall events. Node 33 

is also an interesting node that is associated with a higher relative frequency of dry spells over the 

central interior of the country. This association can very likely be attributed to the westerly wind regime 

situated closer to the equator, and thus faster-moving troughs. 

4.4.3 Influence of climate drivers 

In an attempt to investigate whether the differences in rainfall intensities during pentads can be ascribed 

to larger-scale climate driver systems, each node’s frequency during mid-summer was correlated with 

three specific climate drivers, ENSO, SAM and SWIO.  
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The correlations with ENSO are shown in Figure 4.12. This figure specifically indicates the difference 

between node groups F and H. Node Group F is associated with El Niño events, and Group H is 

associated with La Niña events. SAM and SWIO indices do not show pronounced effects on rainfall 

intensities (figures 4.13 and 4.14). However, SAM seems to have relevance with nodes 21, 26 and 34, 

as shown in Figure 4.2. It is worth noting that ENSO and SAM are negatively correlated with each other 

(Pohl et al., 2007). 

 

Figure 4.12: Node correlations with ENSO Niño 3.4 SSTs. The numbers in the cells indicate the nodes. 
They have a similar structure to previous node figures, with * indicating the significance level (* = 90%; 
** = 95%; *** = 99%). Shading indicates the correlation values. 

 

Figure 4.13: Node correlations with the SAM Index. The numbers in the cells indicate the nodes. They 
have a similar structure to previous node figures, with * indicating the significance level (* = 90%;  
** = 95%; *** = 99%). Shading indicates the correlation values. 
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Figure 4.14: Node correlations with SWIO. The numbers in the cells indicate the nodes. They have a similar 
structure to previous node figures, with * indicating the significance level (* = 90%; ** = 95%; *** = 99%). 
Shading indicates the correlation values.  

 

4.5  SUMMARY AND CONCLUSION 

South Africa experiences significant temporal and spatial rainfall variability, which is responsible for 

frequent droughts and floods. Seasons with similar rainfall totals over southern Africa can have very 

different intra-seasonal rainfall characteristics, which poses climate-related challenges to rain-fed crop 

production in the region. Southern African summer rainfall variability has been associated with 

tropospheric circulation changes, ENSO and regional SST anomalies. During the mid-summer, a break 

in the rainfall (mid-summer dry spell) has been found to occur over the summer rainfall region of South 

Africa. This period is critical to agricultural crop production because it coincides with the moisture-

sensitive growth stages of grain crops. An approach to better understand rainfall characteristics within 

a season is to investigate the variability of daily weather circulation systems. However, the physical and 

dynamic features of the rainfall-producing systems are very complex and not well understood.  

In this study, SOMs were used to do a synoptic classification of the 850 hPa and 500 hPa geopotential 

heights. Ward’s clustering was applied to objectively group the SOM circulation patterns into groups 

with similar characteristics for near-surface circulation. Relative frequency analysis of dry and wet spells 

using district rainfall data was used to link rainfall to the synoptic classification. Climate drivers that 

affect the southern African climate, such as ENSO, SAM and SWIO, were also investigated to identify 

possible synoptic weather system drivers of the South African mid-summer dry spells. 

Ward’s clustering results show that two main weather patterns dominate the mid-summer season: the 

influence of the strong subtropical ridge, and the troughs and easterly weather. However, the variation 

within these dominant patterns seems to be the cause of a higher occurrence of dry and wet spells, 

with the subtropical ridge patterns relating to differences in dry and wet spells over the north-east of 

South Africa, and the troughs and easterly weather relating to differences over the central and southern 

parts of South Africa. The climate driver results show that ENSO has a strong influence on the mid-

summer weather patterns. However, this influence only distinguishes between the two main weather 

patterns during mid-summer, but not the variation within the weather patterns themselves. Other climate 

drivers, such as SAM and SWIO, show no significant influences.



Investigation of the historical and projected occurrence of South African mid-summer drought 

40 

CHAPTER 5: EVALUATION OF CORDEX MODELS IN 

SIMULATING HISTORICAL DRY SPELLS OVER 

MAJOR MAIZE-PRODUCING REGIONS OF SOUTH 

AFRICA 

5.1  ABSTRACT1 

This study examined dry spells using total pentad rainfall output from historical climate model simulations 

obtained from CORDEX RCA4 over the major maize-producing regions of South Africa. Historical 

observations were compared with model simulations of dry spells for the mid-summer period from 1951 

to 2005. Generally, RCA4 underestimates dry spells, compared to the climatologically observed values 

from the CORDEX models for the mid-summer period. There are, however, some regions within the study 

area that compare well with the observed scenarios, indicating specific small-scale inadequacies to be 

investigated further. Investigations of the upper-air tropical circulation diagnostics and the position of the 

ITCZ clearly show that the RCA4 simulations differ from the observed scenarios, indicating that large-

scale upper-air circulations are not well captured in the model simulations.  

Keywords: Dry spells; mid-summer; CORDEX; rainfall; upper air; ITCZ 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 When making reference to this section, please cite as follows: Mengistu, M.G., Olivier, C., Mathole, K., Adeola, 

A. and Makgoale, T. 2021. Evaluation of CORDEX models in simulating historical dry spells over major maize-

producing regions of South Africa. In: Mengistu et al. (Eds). 2021. An investigation of the historical and projected 

occurrence of the South African mid-summer drought and its implications for the agro-water budget. Water 

Research Commission, Pretoria, RSA, WRC Report K5/2830, Chapter 5. 
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5.2  INTRODUCTION 

Climate change has significant effects on water resources, agriculture and other climate-sensitive 

sectors (Thomas et al., 2007). Extreme weather events, such as droughts, are widely projected to 

become more frequent, intense and severe as the global climate continues to warm up due to 

anthropogenic greenhouse gas emissions (Hegerl et al., 2004). Changes in extreme weather and 

climate events have significant impacts on agriculture, and are among the most serious challenges for 

food security and human wellbeing. Consequently, many studies have been conducted on analysing, 

or generating, possible near-to-long-term future projections of likely changes in climatic variables and 

indices (Giorgi and Bi, 2005).  

Short- and long-term droughts are known to have a negative impact on agricultural production, food 

security and the economy (Loukas and Vasiliades, 2004). Short-term droughts (dry spells) are defined 

as periods of dry days with a precipitation deficit, resulting in water shortages and arid conditions. 

Information on the length of dry spells is important for deciding whether a particular crop or variety of 

crop is at risk, and to determine irrigation water demand (Mathugama and Peiris, 2011). Dry spells can 

be used as indicators of dry conditions, and are critical for crop production, as the timing of the 

occurrence of a drought relative to the cropping calendar is more important than the total seasonal 

rainfall (Usman and Reason, 2004). For example, the flowering stage of maize has been found to be 

the most sensitive to water stress, leading to reductions in crop growth, biomass production and, finally, 

crop yield (Du Plessis, 2003). In South Africa, rainfall is one of the most significant factors limiting 

dryland crop production. The mid-summer period is particularly important since a lack of rain for even 

a few days during this period may influence growth and eventually decrease crop yield. Dry-spell 

frequency analyses are used globally to investigate the implications of sub-seasonal rainfall variability 

on food security (Usman and Reason, 2004). Several studies in semi-arid environments in sub-Saharan 

Africa have indicated that dry spells range between 5 and 15 days (Usman and Reason, 2004). 

However, little research has been devoted to short-term droughts in South Africa. Furthermore, changes 

in rainfall amount and distribution caused by climate change can have a negative effect on crop yield 

and might not make marginal area crop production viable. Therefore, information on the future 

projection of dry spells is crucial for sustainable crop production and food security.  

In recent decades, there is strong evidence of an increasing trend in the frequency, intensity and 

duration of extreme weather events, along with climate change (Wuebbles et al., 2014). Nowadays, 

advances in modelling the earth system allow for the use of global general circulation models to 

generate projections of extreme temperature and precipitation, and their associated indicators (Tebaldi 

et al., 2006). Global coupled ocean-atmosphere general circulation model (CGCM) simulations, forced 

with projected greenhouse gas and aerosol emissions, are the primary tools for studying the possible 

future changes in climate mean, variability and extremes (Kharin et al., 2007). Recently, numerous 

regional climate models (RCMs) were used to assess the impacts of climate change on hydrology and 

the environment (Frei et al., 2017; Chung et al., 2018; Varikoden et al., 2018).  

For example, Alexander and Arblaster (2009) have used multiple GCMs to simulate observed trends in 

dry spells over Australia and to assess projected changes in climate extremes. They also highlighted 

the importance of validating climate simulations with respect to historical observations. The ability of a 

climate model to estimate the present climate and reproduce historical trends leads to higher confidence 

in projecting future climate (Reifen and Toumi, 2009; Wuebbles et al., 2014). 

The climate in southern Africa is related to different oceanic and atmospheric patterns, such as the 

position of the ITCZ, which controls intra-annual rainfall variability. For upper-air diagnostics, an analysis 

of tropical circulations, with the most emphasis on the Hadley cell and the ITCZ, is important. Hadley 

circulation is considered to be one the dominant large-scale circulation features over the tropics.  
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It is defined as the zonally symmetric meridional circulation with an ascending motion over the ITCZ, and 

the descending motion over the subtropical belt (Oort and Yienger, 1996; Trenberth et al., 2000; Tanaka 

et al., 2004). The rising in motion of the Hadley circulation is usually where potential velocity peaks are 

positive, especially in the tropics. It therefore coincides with the position of the ITCZ (Tanaka et al., 2004). 

This study aims to investigate whether mid-summer dry spells are captured in historical climate model 

simulations over the summer rainfall region of South Africa. The study will also evaluate whether large-

scale upper-air circulations are captured in the model simulations. However, in the methodology, careful 

consideration should be given to the analysis due to the existence of possible climate drift in the 

CORDEX simulations. Climate drift could possibly exist due to its existence in the driving models of the 

downscaled CORDEX models. These climate models exhibit spurious long-term changes that may 

distort the estimate of climate simulations (Gupta et al., 2013). Thus, instead of investigating time series 

analysis for verification, climatological statistics are evaluated for this study. 

5.3  DATA AND METHODOLOGY 

5.3.1 Data sources 

5.3.1.1 The European Centre for Medium-range Weather Forecasts reanalysis 

The European Centre for Medium-range Weather Forecasts recently released a global reanalysis 

dataset (ERA5), which was used in this study. ERA5 data provides hourly estimates of a large number 

of atmospheric, land and oceanic climate variables. The data covers the earth at a 30 x 30 grid 

resolution, and resolves the atmosphere using 137 horizontally orientated levels from the surface up to 

a height of 80 km. The ERA5 data includes information about uncertainties for all variables at reduced 

spatial and temporal resolutions (ECMWF, 2019). Zonal (U) and meridional (V) components of the wind 

from the ERA5 data at the 200 hPa pressure level, on a monthly time resolution, were used to compute 

velocity potential. 

5.3.1.2 District rainfall 

The South African Weather Service divides South Africa into 94 rainfall districts, which are presented 

in Figure 5.1. The delineation of these districts was mainly done according to the annual march of 

maximum rainfall, and the boundaries between the winter, whole-year and summer rainfall regions. A 

daily district rainfall total is calculated as the average of the daily values available in the district under 

consideration (Kruger and Nxumalo, 2017).  
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Figure 5.1: District rainfall regions in South Africa (SAWB, 1972), showing the study area with 16 
selected districts marked with red polygons 

5.3.1.3 Models 

The regional climate models evaluated in this study form part of the regional climate models that 

participated in CORDEX-Africa. The CORDEX-Africa initiative aims to perform dynamic downscaling to 

produce high-resolution climate simulations over the African domain using forcing from atmosphere-ocean 

global climate models (AOGCMs). For this study, eight individual global circulation models that 

participated in CMIP5 (Table 5.1) were dynamically downscaled to a finer spatial resolution (0.44° x 0.44°) 

using RCA4. The RCA4 model is a coupled ocean-atmosphere regional climate model based on the 

numerical weather prediction (NWP) model HARLAM (Undén et al., 2002). The RCA4’s simulated 

projections formed part of the CORDEX initiative (Jones et al., 2011). 

Table 5.1: List of global circulation models used in the study 

Model name Country Resolution Literature 

CanESM2m Canada 2.8° x 2.8° Arora et al. (2011) 

CNRM-CM5 France 1.4° x 1.4° Voldoire et al. (2013) 

CSIRO-Mk3 Australia 1.9° x 1.9° Rotstayn et al. (2013) 

IPSL-CM5A-MR France 1.9° x 3.8° Hourdin et al. (2013) 

MIROC5 Japan 1.4° x 1.4° Watanabe et al. (2011) 

MPI-ESM-LR Germany 1.9° x 1.9° Ilyina et al. (2013) 

NorESMI-M Norway 1.9° x 2.5° Tjiputra et al. (2013) 

GFDL-ESM2M USA 2.0° x 2.5° Dunne et al. (2012) 
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5.3.2 Methodology 

5.3.2.1 District rainfall analysis 

From the daily district rainfall, pentad summations were calculated following the methodology used in 

Grobler (1993). Pentads were calculated using Julian days. For example, Pentad 1 refers to 1−5 January 

and Pentad 73 refers to 27−31 December. The extra leap year day, 29 February, was added to Pentad 10. 

Eight pentads between 12 December (the start of Pentad 70) and 20 January (the end of Pentad 4) 

were selected for a detailed analysis of the mid-summer rainfall in the study area. A threshold of 3 mm 

per day (15 mm per pentad), which is the minimum rainfall depth threshold for crops to satisfy their crop 

water requirement during a growing season, was used (Reddy, 1990) in the dry-spell analysis. The 

occurrence of dry spells (< 15 mm total rainfall in a pentad) was calculated and evaluated against the 

district rainfall dry spell occurrence using binary data (1 for a dry spell event and 0 for a non-event). 

5.3.2.2 Model simulations 

Daily rainfall data from eight individual global circulation models (Table 5.1), downscaled using RCA4 

(CORDEX) for the reference period (1951–2005), was used for the dry-spell analysis. The downscaled 

simulations from the CMIP5 GCM were evaluated against the SAWS’s district observations. Model-

simulated daily precipitation flux was first converted to mm using a scalar multiple of 86 400. Values 

nearest to the latitude and longitude of district observations were then extracted for easy comparison 

with the district rainfall. Due to the fact that these climate simulations could be influenced by climate 

drift, a one-to-one comparison of daily, or pentad, rainfall totals is not recommended. Instead, the study 

focuses on the evaluation of the climatological occurrences of dry spells using probability density 

function (PDF) graphs. From the histograms of dry-spell occurrences in mid-summer (a number from 

0−8, maximum eight pentads in mid-summer), all models and observation follow a normal distribution. 

Thus, it is possible to fit these results into a normal distribution graph for easier comparison. These PDF 

curves from the individual models can then be plotted against the observed dry-spell occurrence PDF 

graphs to compare whether the models underestimate or overestimate the dry spells. 

5.3.2.3 Upper-air diagnostics 

Variability of the intensity of tropical circulations can be measured using variables, such as velocity 

potential (VP). The VP is computed from zonal (U) and meridional (V) components of the wind, from 

ERA5 and CORDEX models, at 200 hPa, at monthly time intervals. The VP data is then zonally 

averaged, as it is assumed that information on the Hadley circulation is contained in the zonal mean 

field. The ERA5 data was obtained at a global scale, but for comparisons with the CORDEX models, 

data was re-gridded to the same domain as the models across the African region. Positive peaks in 

zonal mean fields of the VP represent the rising in motion, while negative peaks represent a sinking 

motion. For consistency, the tropics are defined as latitudes from 30 N to 30 S. 

5.4  RESULTS AND DISCUSSIONS 

5.4.1 CORDEX model evaluation 

The evaluation of model simulation results are presented in figures 5.2 to 5.5, providing PDF graph 

comparisons with climatological observations. All 16 districts within the study area are presented. The 

graphs depict how closely the CORDEX models succeed in simulating the climatological occurrence of 

dry spells during the mid-summer period (eight pentads). The figures show the results from the eight 

models defined in Table 5.1, and whether these models generally over- or underestimate the 

occurrence of dry spells, depending on the location of the peak of the curve relative to the observation 

curve. 
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These PDF graphs indicate that the CORDEX models generally underestimate occurrences of dry 

spells over the study area. However, simulations for some of the regions, like regions 72, 85 and 87, 

are close to the observed occurrences of dry spells during mid-summer. Generally, some regions 

grossly underestimated the occurrence of dry spells, such as regions 61 and 63, which are in the wetter 

regions of the study area. 

In summary, the CORDEX models did not perform well in simulating the climatological occurrence of 

dry spells across the whole study area, with the exception of a few regions. These results are consistent 

with other studies, indicating the general wet bias of CORDEX models over the South African region 

(Kalognomou et al., 2013).  

 

Figure 5.2: Probability density functions for the eight CORDEX models (red) and observed (black) dry 
spell occurrences during mid-summer for districts 60, 61, 62 and 72. There are a maximum of eight 
pentads in the mid-summer period. 
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Figure 5.3: Probability density functions for the eight CORDEX models (red) and observed (black) dry 
spell occurrences during mid-summer for districts 63, 73, 74 and 75 

 

Figure 5.4: Probability density functions for the eight CORDEX models (red) and observed (black) dry 
spell occurrences during mid-summer for districts 83, 84, 85 and 91 
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Figure 5.5: Probability density functions for the eight CORDEX models (red) and observed (black) dry 
spell occurrences during mid-summer for districts 86, 87, 92 and 93 

Global studies that compare observed and modelled trends in climate extremes have shown reasonably 

good agreement with temperature trends, but poor agreement (or multi-model disagreement) with 

observed precipitation patterns or trends (e.g. Kharin et al., 2007; Kiktev et al., 2007). Other studies, 

again, show that the regional responses of observed trends in climate extremes are largely driven by 

large-scale processes, which might not be adequately simulated in global climate models (Meehl et al., 

2004; 2005; Scaife et al., 2008). A number of regional studies show that the modelled trends capture 

observed trends reasonably accurately. However, the results were, to a certain degree, dependent on 

the climate extreme under consideration (Sillmann and Roeckner, 2008; Meehl and Tebaldi, 2004). 

Meque (2015) evaluated the capability of ten CORDEX RCMs in simulating southern African droughts. 

Only a few CORDEX RCMs succeeded in simulating southern African droughts, as observed. The 

ARPEGE model showed the best simulation performance. According to Meque (2015), this may be due 

to the stretching capability of the model, which helps eliminate boundary condition problems, which are 

present in other RCMs.  

5.4.2 Upper-air tropical circulations diagnostics and ITCZ position 

The climatology of the velocity potential (VP) field is presented for both the ERA5 data and the CORDEX 

model output (Figure 5.6). Note that the climatologies were calculated for all the months on all eight 

models, but only three models − CanESM2m (CCMA), CNRM-CM5 (CERFACS) and CSIRO-Mk3 

(CSIRO) − were selected and presented here, since the results are mostly similar. The study also focuses 

more on the mid-summer period. Therefore, not all the monthly climatologies are presented. ERA5 

observations (Figure 5.6, far left panel) shows a clear evolution of the VP field during different seasons. 
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Figure 5.6: Early summer months’ climatology of the velocity potential in ERA5 and the three models of 

CORDEX-Africa. Climatology-based period: 1979−2005. Contour intervals are 0.5*107 m2s-1.    

During the early summer months (November, December and January), the VP field maximum is mostly 

located to the south of the equator, as shown in Figure 5.6. However, it is located a bit further north of 

the equator during early spring, as the zone of moist air follows heating in the northern hemisphere 

(Figure 5.7). The zonal mean field of VP confirms this seasonality further (Figure 5.8). The VP maximum 

is generally located in the southern hemisphere during summer months, especially during the late 

summer months (December and January, indicated by the red stars). The correct seasonality of the VP 

is not observed in most of the CORDEX models due to the misrepresentation of their climatology, as 

seen in figures 5.6 and 5.7. The VP of most models seems to be distributed throughout the two 

hemispheres, with maximum values occurring in the opposite location as observed in the ERA5 data. 

It also becomes evident, when looking at zonal mean fields, that the models’ climatology is not 

simulating the VP as it is observed. The maximum VP is occurring in the opposite location contrary to 

the observed data. Even though this is the case, it is noted that some CORDEX models capture the 

zonal mean pattern for some months reasonably well, although they are still not able to maintain the 

proper evolution.  
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For, example, the ITCZ location, as simulated by the CSIRO model, seems to occur in the southern 

hemisphere in December, and is not seen in other months (Figure 5.8). It is also worth mentioning that 

this inconsistency has been noted in other months for some models, even though it is not presented here.  

  

Figure 5.7: The late winter to spring months’ climatology of the velocity potential in ERA5 and the three 

CORDEX-Africa models. Climatology-based period: 1979−2005. Contour intervals are 0.5*107 m2s-1.    

In an attempt to assess the potential relationship between rainfall and the location of the ITCZ, an 

observation study was conducted using the ERA5 dataset. The ITCZ location index was created for the 

months of October to March (Figure 5.9). A negative index indicates a more southward shift of the ITCZ’s 

location, while a positive index indicates a more northward shift, compared to the climatological position. 

Different sets (months) of indices were then correlated with the rainfall for all 94 districts. The relationship 

was assessed for different lead times to capture potential predictability. Rainfall was also accumulated 

over a two-month period to cover the defined mid-summer period of the study (e.g. November–December, 

December–January, etc.). The relationship between the November ITCZ position and the November–

December rainfall districts is presented in Figure 5.10. It is worth noting that this relationship is computed 

for a lead time of 0 (i.e. November ITCZ initial conditions predicting November–December rainfall). 



Investigation of the historical and projected occurrence of South African mid-summer drought 

50 

There seems to be a relationship between the rainfall and ITCZ position for some of the districts, with 

correlation values ranging from 0.3 to 0.5 that are statistically significant at the 95% level of confidence 

(Figure 5.10, districts with red stars). The relationship is clearly negative, suggesting that a more 

southward ITCZ location could be related to above-normal rainfall. These results are consistent with an 

earlier study (Olivier, 2015), which looked at the relationship between rainfall and the ITCZ. However, 

using rainfall as a proxy for identifying location, most of the districts in the study area (Figure 5.1) also 

reflect this correlation. It is, however, worth mentioning that the low correlation values may suggest that 

the ITCZ controls the seasonality of rainfall, rather than its seasonal variability.  

 

Figure 5.8: Zonal mean velocity potential field for the corresponding VP CORDEX region as shown in 
Figure 5.1. Red stars serve as the estimate for the location of the ITCZ. Latitudes have been limited 

from 30 N to 30 S for defining the region of the tropics.   
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Figure 5.9: ITCZ location standardised index for different months (i.e. October to March) 

 

Figure 5.10: Correlation between the November ITCZ position and November–December rainfall for all 
94 districts. Districts where correlation is significant at the 95% level of confidence are indicated with 
red stars. 
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5.5  CONCLUSIONS 

Changes in extreme weather and climate events have significant impacts on agriculture and food 

security. Internationally, many studies have demonstrated that short- and long-term droughts have a 

negative impact on agricultural production. Information on the length and frequency of dry spells is 

critical for crop production and agricultural water management. Changes in rainfall amount and 

distribution caused by climate change can have a negative effect on crop growth and yield. Therefore, 

information on future projections of dry spells is equally important for sustainable crop production and 

food security. The mid-summer period is particularly important since a lack of rain during this period 

may have a negative impact on crop growth and yield.  

The aim of this study is to investigate whether mid-summer dry spells are captured in historical climate 

model simulations over the summer rainfall region of South Africa. Daily rainfall data from eight 

individual CMIP5 GCMs downscaled using RCA4 (CORDEX-Africa) for the reference period 1951–2005 

was used for the dry-spell analysis. The study also evaluated whether large-scale upper-air circulations 

are captured in the model simulations.  

Generally, the underestimation of dry spells is detected between the modelled and observed climatological 

dry spell occurrences for the mid-summer period. Some regions within the study area, however, seem to 

capture the climatological occurrence of dry spells well, though, which suggests possible small-scale 

inadequacies in the models. This is an avenue for further investigation. The dry-spell simulation by the 

models is severely hampered by the general wet bias of the CORDEX simulations. 

The study also evaluated whether the large-scale circulations are captured in the model simulations 

using upper-air tropical circulation diagnostics and the position of the ITCZ. It has been demonstrated, 

using ERA5 observations, that the dynamic field velocity potential may offer an opportunity to estimate 

the general location of the ITCZ. There is a negative relationship between the early summer rainfall 

(November–December) and the position of the ITCZ in November. These results lay a foundation for 

exploring the impact of the ITCZ on the intra-seasonal variability of rainfall over South Africa, as well as 

the associated mid-summer dry-spell frequencies. The study could not assess the relationship between 

district rainfall and the position of the ITCZ in the CORDEX models due to inconsistencies between 

observed scenarios and the model-simulated climatology of the velocity potential field. While there is 

no clear understanding of why the models’ climatology is different to that of the observed scenarios, an 

earlier study indicated that boundary condition problems are present in most CORDEX RCMs. 

The researchers recommend assessing other CORDEX RCMs, as well as comparing them to statistical 

downscaling methods. They also recommend the use of tropical rainfall distribution to calculate the 

position of the ITCZ rather than upper-air tropical circulations. 
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CHAPTER 6: CLIMATE CHANGE PROJECTIONS OF 

THE MID-SUMMER DRY SPELLS OVER THE MAIZE-

PRODUCING REGION OF SOUTH AFRICA 

6.1  ABSTRACT2 

This study examines dry spells for the mid-summer period, using consecutive dry days (CDD) and 

pentads’ total rainfall output from historical climate model simulations. Results from CORDEX RCA4 

simulations for the major maize-producing regions of South Africa are used for this purpose. First, 

historical observations were compared with model simulations from 1979 to 2005. Second, projections 

were made for CDD and pentad totals for two slice periods of 30 years: 2036−2065 and 2066−2095, under 

conditions of the representative concentration pathways (RCP) 4.5 and 8.5. Three thresholds of 1 mm, 

2 mm and 3 mm of daily total rainfall for CDD, and 5 mm, 10 mm and 15 mm total rainfall for a pentad 

were used to analyse dry spells. Low correlation and low skill scores were detected between the individual 

modelled and observed total pentad’s rainfall across the districts for the mid-summer period, indicating 

that individual model ensemble members often failed to simulate the total pentad’s rainfall for South 

Africa’s summer rainfall region. However, ensemble means of the eight CORDEX RCA4 simulations 

showed an improved correlation of about 68% in simulating the CDD and the pentads’ total rainfall. The 

results suggest an increase in CDD and dry pentads for the two future projection slice periods. 

Keywords: Dry spells; mid-summer; climate change; CORDEX; rainfall; projections 

  

 

 

2 When making reference to this section, please cite as follows: Adeola, A.M., Mengistu, M.G., Makgoale, T.E. and 

Olivier, C., 2021. Climate change projections of the mid-summer dry spells over the maize-producing region of 

South Africa. In: Mengistu et al. (Eds). 2021. An investigation of the historical and projected occurrence of the 

South African mid-summer drought and its implications for the agro-water budget. Water Research Commission, 

Pretoria, RSA, WRC Report K5/2830, Chapter 6. 
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6.2  INTRODUCTION  

One of the major anticipated impacts of climate change on rainfall is an increase in variation patterns, 

which might directly or indirectly affect regional water sources. Warmer temperatures might enhance 

evaporation from the soil, resulting in surface drying. This will make regions with a low precipitation even 

drier and potentially contribute to the intensity and duration of dry spells and droughts in general. 

Climate change might therefore have a significant effect on water resources, agriculture and other 

climate-sensitive sectors (Thomas et al., 2007). In addition, extreme weather events such as droughts 

are widely projected to become more frequent, intense and severe as the global climate continues to 

warm up due to anthropogenic greenhouse gas emissions (Hegerl et al., 2004). Changes in extreme 

weather and climate events might have significant impacts on agriculture and are among the most 

serious challenges for food security and human wellbeing. Consequently, many studies have been 

conducted on analysing or generating possible near- to far-term future projections of likely changes in 

climatic variables and indices (Giorgi and Bi, 2005).  

Short and long-term drought is known to have a negative impact on plant growth, agricultural production 

and food security, and therefore on the broader economy (Loukas and Vasiliades, 2004). Short-term 

drought (a dry spell) is defined as a period of dry days with a precipitation deficit, resulting in water 

shortages and arid conditions. Information on the expected length of dry spells is important to decide on 

what crop or variety of crops to plant, and for irrigation planning (Mathugama and Peiris, 2011). Dry spells 

can be used as indicators of drought conditions and are critical for crop production. Furthermore, changes 

in rainfall amount and distribution caused by climate change may also have a negative effect on crop yield 

and might make crop production in a marginal area unviable. Therefore, information on the future 

projection of dry spells is crucial for sustainable crop production and food security.  

In recent decades, there has been strong evidence of increasing trends in the frequency, intensity and 

duration of extreme weather events, along with climate change (Wuebbles et al., 2014). Nowadays, 

advances in modelling the earth system using super computers allows for the use of global general 

circulation models to generate projections of extreme temperature and precipitation trends and 

indicators (Tebaldi et al., 2006). Global coupled ocean-atmosphere general circulation model 

simulations, forced with projected greenhouse gas and aerosol emissions, are the primary tools for 

studying possible future changes in climate mean, variability and extremes (Kharin et al., 2007). 

Recently, numerous regional climate models were used to assess the impact of climate change on 

hydrology and the environment (Frei et al., 2017; Chung et al., 2018; Varikoden et al., 2018). 

Alexander and Arblaster (2009) have used multiple GCMs to simulate observed trends in dry spells 

over Australia, and to assess projected changes in climate extremes. They highlighted the importance 

of validating climate simulations with respect to historical observations. However, the ability of a climate 

model to estimate the present climate and reproduce historical trends leads to a higher confidence in 

projecting future climate (Reifen and Toumi, 2009; Wuebbles et al., 2014). 

The periods of dryness (dry spells) and wetness (wet spells) are usually associated with variations in 

the rainfall time series. The analysis of rainfall spells (dry and wet spells) is based on defining a 

threshold, because the frequency distribution of the length of these spells depends on such a selected 

threshold (Bärring et al., 2006). In several studies, different thresholds have been considered, subject 

to the characteristic of the spells that have been investigated. For example, Moon et al. (1994) used a 

threshold of 0.1 mm precipitation per day in South Korea, while Martin-Vide and Gomez (1999) used 

this threshold in Spain. In other studies, Frei et al. (2003) used a threshold of 1.0 mm precipitation per 

day for analysing spells in the European Alps. Douguedroit (1987), and Usman and Reason (2004) 

used this same threshold in France and southern Africa, respectively. Additionally, Perzyna (1994) used 

a threshold of 2.0 mm per day for analysing spells over southern Norway, while Ceballos et al. (2004) 

used a threshold of 10 mm rainfall per day to analyse wet and dry spells over a basin in Spain. 



Investigation of the historical and projected occurrence of South African mid-summer drought 

55 

A threshold of 3 mm daily rainfall is proposed as the minimum rainfall depth required to satisfy crop 

water needs during the growing season (Reddy 1990). Consequently, in this study, a dry spell is defined 

as a period of five days (a pentad) during which rainfall totals are less than the different predefined 

thresholds. Three thresholds, 1 mm, 2 mm and 3 mm of daily total rainfall for CDD, and 5 mm, 10 mm 

and 15 mm total rainfall for a pentad, were used to analyse dry spells.  

Therefore, the aim of this study is to investigate various climate change projections with respect to 

expected changes in mid-summer dry spells using dynamically downscaled CORDEX projection data. 

Consequently, climate change projections for consecutive dry days for the summer rainfall months 

(October to March), consecutive dry days for the mid-summer rainfall months (December to January) 

and total pentad rainfall for December (pentads 68 to 73) and January (pentads 1 to 6) for 2036−2065 

and 2066−2095 under the conditions of RCP 4.5 and 8.5 are investigated. 

6.3  DATA AND METHODS 

6.3.1 Study area 

The study area considered is the main maize-producing region of South Africa, which receives rainfall 

during the summer months (Figure 6.1). This region includes areas in the Free State, Gauteng, 

KwaZulu-Natal, Limpopo, Mpumalanga and North West. Summer is defined as the six-month period 

extending from October to March. A map illustrating the South African average rainfall totals over the 

period of October to March is depicted in Figure 6.2. Climatological rainfall totals from October to March 

are calculated and related, as a percentage, to the annual rainfall totals (defined here as June to May 

to capture the full period from October to March). Most of the north-eastern parts of South Africa receive 

above 80% of their annual rainfall from October to March. Parts of the eastern coastal areas still receive 

significant rainfall during these months, although they also receive rainfall during winter and spring, 

lowering the overall percentage of annual rain for October to March (NCAR, 2017). Mid-summer dry 

spells occur approximately between mid-December and mid-January (Usman and Reason, 2004). From 

the daily district rainfall, pentad summations were calculated following the methodology used by Grobler 

(1993). Pentads were calculated using Julian days. For example, Pentad 1 refers to 1−5 January and 

Pentad 73 refers to 27−31 December. The extra leap year day, 29 February, was added to Pentad 10. 

Twelve pentads between 2 December (the start of Pentad 68) and 30 January (the end of Pentad 6) 

were selected for a detailed analysis of the mid-summer rainfall for the study area. 

 

Figure 6.1: Map of South Africa showing (A) October to March rainfall totals compared with annual 
rainfall totals (1979 to 2019) using a CPC unified gauge-based analysis of global daily precipitation, and 
(B) the maize-growing areas (Maize Belt) of South Africa 
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6.3.2 Data and time periods 

6.3.2.1 Observation 

The recently released global reanalysis dataset (ERA5) of the European Centre for Medium-range 

Weather Forecasts was used in this study. ERA5 provides hourly estimates of a large number of 

atmospheric, land and oceanic climate variables. The data covers the earth over a 30 km x 30 km grid 

and resolves the atmosphere using 137 horizontally orientated levels from the surface up to a height of 

80 km. ERA5 includes information about uncertainties for all variables at reduced spatial and temporal 

resolutions (ECMWF, 2019).  

6.3.2.2 Models and model verification 

Before climate model projections can be used, it is appropriate to first verify the historical model 

simulations against observations. Generally, if a model performs well in reflecting observed climate in 

its historical simulations, the model might normally also perform well in generating future climate 

projections. Historical (1979–2005) eight-member ensemble mean RCA4 RCM simulations of the mean 

number of consecutive dry days and pentads have been compared to the associated observed data. 

The global reanalysis dataset (ERA5) obtained from the ECMWF was used for observed rainfall 

(ECMWF, 2019). 

Given the coarseness of the spatial resolution of global climate models and their applications at regional 

scales, the study used projections that were dynamically downscaled to a finer spatial resolution of 

0.44° x 0.44°, specifically from simulations performed by the RRCA4 RCM during the CORDEX 

initiative. Eight ensemble members were used, meaning that the RCA4 RCM was forced by eight GCMs 

across its lateral boundaries. Therefore, eight ensemble member projections were available for 

calculating ensemble means (see Table 6.1). The RCA4 is a coupled ocean-atmosphere RCM based 

on the numerical weather prediction model HARLAM (Undén et al., 2002). Dry-spell signals from these 

historical simulations were applied in climate change projections of possible future changes in summer 

and mid-summer dry spells under the RCP conditions of “a medium-to-low” (RCP4.5) and “high” 

(RCP8.5) representative concentration pathway. 

Table 6.1: Projections from eight global climate models used for downscaling to a finer spatial resolution 
(0.4° x 0.4°) using the RCA4 regional climate model  

Model name Country Resolution Literature 

CanESM2m Canada 2.8° x 2.8° Arora et al. (2011) 

CNRM-CM5 France 1.4° x 1.4° Voldoire et al. (2013) 

CSIRO-Mk3 Australia 1.9° x 1.9° Rotstayn et al. (2013) 

IPSL-CM5A-MR France 1.9° x 3.8° Hourdin et al. (2013) 

MIROC5 Japan 1.4° x 1.4° Watanabe et al. (2011) 

MPI-ESM-LR Germany 1.9° x 1.9° Ilyina et al. (2013) 

NorESMI-M Norway 1.9° x 2.5° Tjiputra et al. (2013) 

GFDL-ESM2M USA 2.0° x 2.5° Dunne et al. (2012) 

 

6.3.2.3 Climate change projection scenarios 

These regional climate models, with RCP2.6 and RCP6.0, were considered in the Fifth Assessment 

Report (AR5) (Taylor et al., 2012) of the International Panel on Climate Change (IPCC) (2018).  
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Modellers used these greenhouse gas (GHG) concentration (not emission) trajectories, which are all 

considered realistic, as atmospheric system forcing to generate climate response and change projections. 

The RCPs were defined according to their contribution to atmospheric radiative forcing in the year 2100, 

relative to pre-industrial values. For example, the additions to the earth’s radiation budget as a result of 

an increase in GHGs are RCP2.6 = +2.6 W.m-2; RCP4.5 = +4.5 W.m-2; RCP6.0 = +6.0 W.m-2; and  

RCP8.5 = +8.5 W.m-2. The RCP4.5 and RCP8.5 trajectories are associated with CO2 concentrations of 

approximately 560 and 950 ppm, respectively, by the year 2100 (Riahl et al., 2011). The RCP8.5, also 

known as “business as usual”, is projected to increase even further to a CO2 concentration ceiling of 

approximately 1 200 ppm after the year 2100, while the RCP4.5 is based on active GHG emission 

reduction interventions that could lead to a ceiling of approximately 560 ppm (a doubling of 

concentrations since the start of the Industrial Revolution) by the year 2100, while concentrations could 

stabilise or even decrease after the year 2100.  

The historical period used for both the observation and the model is 1979–2005 (27 years). The 27-

year period was used against a 30-year period of projections due to the availability of ERA5 data not 

later than 1979. Future projections are presented for the two 30-year periods extending from 2036 to 

2065 (near future) and 2066 to 2095 (far future). Projected changes are expressed relative to the 

historical 30-year period of 1979−2005. Daily model simulations of CDD and pentad values of rainfall 

totals were used to generate projections of the summer rainfall period (October to March) and mid-

summer months (December to January). Projections are expressed in terms of a change in the mean 

values. Three thresholds of 1 mm, 2 mm and 3 mm total daily rainfall were used to analyse dry spells. 

In addition, pentad total rainfall is compared to the multi-model mean simulated pentad rainfall totals. 

6.4 RESULTS AND DISCUSSIONS 

6.4.1 Model evaluation 

6.4.1.1 Model evaluation of consecutive dry days 

The results of the comparison between the observed scenario and model ensemble number of 

consecutive dry days for October to March are presented in Figure 6.2 using three precipitation 

thresholds of 1 mm, 2 mm and 3 mm for the historical period 1979–2005. The results indicate that the 

ensemble model can depict the spatial distribution pattern of the observed CDD. A spatial correlation 

of 58% is computed between the observed scenario and model ensemble number of CDD for October 

to March. Particularly, the ensemble model underestimates CDD in October to March over North West, 

the southern part of the Free State, the western parts of Limpopo, Gauteng and the central interior parts 

of Mpumalanga and KwaZulu-Natal for all three thresholds. The overestimated CDD by the model are 

more dominant in the north-eastern parts of the Free State and the western parts of KwaZulu-Natal.   
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Figure 6.2: Comparison between the observed number of consecutive dry days for October to March 
from ERA5 (the first column) and the associated multi-model mean consecutive dry days simulated by 
the RCA4 RCM (the middle column) for the period 1979–2005. The mean bias between the observed 
scenario and the simulated number of consecutive dry days is indicated by the maps in the third column. 
A dry spell is computed for more than five consecutive days with rainfall less than 1 mm (first row), 
2 mm (second row) and 3 mm (third row). 

On the other hand, an average spatial correlation of 63% is indicated between the observed scenario 

and the model ensemble number of CDDs for December and January for the three precipitation 

thresholds of 1 mm, 2 mm and 3 mm (Figure 6.3). The ensemble model tends to underestimate 

December and January’s figures over the southern Free State and North West, and overestimates CDD 

in December and January over northern Limpopo, the eastern Free State and western KwaZulu-Natal. 
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Figure 6.3: Comparison between the observed number of consecutive dry days for December to 
January from ERA5 (the first column) and associated multi-model mean consecutive dry days simulated 
by the RCA4 RCM (the middle column) for the period 1979–2005. The mean bias between the observed 
scenario and the simulated number of CDDs is indicated by the maps in the third column. A dry spell is 
computed for more than five consecutive days with rainfall less than 1 mm (first row), 2 mm (second 
row) and 3 mm (third row). 

6.4.1.2 Model evaluation of pentads 

The comparison between the observed scenario and model ensemble for total precipitation (mm) for 

pentads 68, 69, 70, 71, 72, 73, 1, 2, 3, 4, 5 and 6 for the mid-summer months (December and January) 

is computed and presented in figures 6.4 to 6.7 for the historical period 1979–2005. Generally, the 

results depict a similar spatial pattern in the observation and in the model simulation. An average spatial 

correlation of 68% is computed between the observed scenario and the model simulation pentads. The 

results further indicate that the multi-model simulations overestimate the pentads over central Gauteng 

(all pentads except pentads 2 and 3 during this period), KwaZulu-Natal and Mpumalanga, and including 

northern Limpopo for Pentad 71. 
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Figure 6.4: ERA 5 comparison between the observed pentads’ total rainfall and multi-model mean 
simulated totals for pentads 68, 69 and 70 in terms of total precipitation (mm) for the period 1979–2005 
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Figure 6.5: ERA 5 comparison between the observed pentads’ total rainfall and multi-model mean 
simulated totals for pentads 71, 72 and 73 in terms of total precipitation (mm) for the period 1979–2005  
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Figure 6.6: ERA 5 comparison between the observed pentads’ total rainfall and multi-model mean 
simulated totals for pentads 1, 2 and 3 in terms of total precipitation (mm) for the period 1979–2005 
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Figure 6.7: ERA 5 comparison between the observed pentads’ total rainfall and multi-model mean 
simulated totals for pentads 4, 5 and 6 in terms of total precipitation (mm) for the period 1979–2005 

6.4.2 Dry spell projections 

6.4.2.1 Climate change projection of consecutive dry days 

Figures 6.8 to 6.10 illustrate the projected climate mean of CDD at 1 mm, 2 mm and 3 mm thresholds 

for a two-time slice of the 30-year periods 2036−2065 and 2066−2095 under RCP4.5 and RCP8.5 for 

October to March, while figures 6.11 to 6.13 depict the data for December and January over the study 

area. For the thresholds 1 mm, 2 mm and 3 mm, the results show that average annual CDD are 

expected to increase in future under RCP4.5 with a further increase under RCP8.5 to the two-time slice 

of 2036−2065 and 2066−2095 as opposed to those in the baseline period (1976–2005). For instance, 

for October to March, five consecutive days with less than a 1 mm threshold are expected to increase 

by an average of 35 days under RCP4.5 and by 40 days under RCP8.5 in the northern part of Limpopo 

and the southern part of the Free State for the period 2036−2065.  
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Similarly, the projection indicated that the condition will further increase to an average of 40 days under 

RCP4.5 and 45 days under RCP8.5 in the northern part of Limpopo and the southern part of the Free 

State for the period 2066−2095. The projected CDD over Gauteng, central Mpumalanga and KwaZulu-

Natal under RCP4.5 are averaged at 10 days. Under RCP8.5, the projected CDD are averaged at 15 

days for the period 2036−2065, and are increased to 20 days under RCP4.5 and 25 days under RCP8.5 

for the period 2066−2095. 

The same pattern of increase is projected for CDD in the December to January period. The five 

consecutive days with less than 1 mm rainfall are expected to increase by an average of 12.5 days 

under RCP4.5 and by 15 days under RCP8.5 after 30 years of observed data and by 17.5 days under 

RCP4.5 and 17.5 days under RCP8.5 (with more magnitude) after 60 years of observed data over the 

northern part of Limpopo, the western and northern parts of North West, the north-eastern part of 

Mpumalanga and KwaZulu-Natal, and the southern part of the Free State. The 2 mm and 3 mm 

thresholds are expected to increase further.  

 

Figure 6.8: Projected number of consecutive dry days for summer (October to March) over the summer 

rainfall areas of South Africa using a precipitation threshold of 1 mm for the periods 2036−2065 (top 

left) and 2066−2095 (top right) under the conditions of RCP4.5, and 2036−2065 (bottom left) and 

2066−2095 (bottom right) under the conditions of RCP8.5. A dry spell is defined as more than five 
consecutive days with less than 1 mm of rainfall. 
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Figure 6.9: Projected number of consecutive dry days for summer (October to March) over the summer 

rainfall areas of South Africa using a precipitation threshold of 2 mm for the periods 2036−2065 (top 

left) and 2066−2095 (top right) under the conditions of RCP4.5, and 2036−2065 (bottom left) and 

2066−2095 (bottom right) under the conditions of RCP8.5. A dry spell is defined as more than five 
consecutive days with less than 2 mm of rainfall. 
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Figure 6.10: Projected number of consecutive dry days for summer (October to March) over the summer 

rainfall areas of South Africa using a precipitation threshold of 3 mm for the periods 2036−2065 (top 

left) and 2066−2095 (top right) under the conditions of RCP4.5, and 2036−2065 (bottom left) and 

2066−2095 (bottom right) under the conditions of RCP8.5. A dry spell is defined as more than five 
consecutive days with less than 3 mm of rainfall. 
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Figure 5.11: Projected number of consecutive dry days for mid-summer (December to January) over 
the summer rainfall areas of South Africa using a precipitation threshold of 1 mm for the periods 

2036−2065 (top left) and 2066−2095 (top right) under the conditions of RCP4.5, and 2036−2065 (bottom 

left) and 2066−2095 (bottom right) under the conditions of RCP8.5. A dry spell is defined as more than 
five consecutive days with less than 1 mm of rainfall. 
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Figure 6.12: Projected number of consecutive dry days for mid-summer (December to January) over 
the summer rainfall areas of South Africa using a precipitation threshold of 2 mm for the periods 

2036−2065 (top left) and 2066−2095 (top right) under the conditions of RCP4.5, and 2036−2065 (bottom 

left) and 2066−2095 (bottom right) the under conditions of RCP8.5. A dry spell is defined as more than 
five consecutive days with less than 2 mm of rainfall. 
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Figure 6.13: Projected number of consecutive dry days for mid-summer (December to January) over 
the summer rainfall areas of South Africa using a precipitation threshold of 3 mm for the periods 

2036−2065 (top left) and 2066−2095 (top right) under the conditions of RCP4.5, and 2036−2065 (bottom 

left) and 2066−2095 (bottom right) under the conditions of RCP 8.5. A dry spell is defined as more than 
five consecutive days with less than 3 mm of rainfall 

6.4.2.2 Climate change projection of pentads 

The projected pentads’ total precipitation (mm) for the periods 2036−2065 and 2066−2095 under 

RCP4.5 and RCP8.5 for the mid-summer pentads (December and January) are presented in 

figures 6.14 to 6.25, showing pentads 1 to 6 and 68 to 73. The total precipitation (mm) of Pentad 1  

(1−5 January) is projected for 2036−2065 and 2066−2095. 
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Figure 6.14: Projected total precipitation (mm) for Pentad 1 (1−5 January for the periods 2036−2065 

(top left) and 2066−2095 (top right) under the conditions of RCP4.5, and 2036−2065 (bottom left) and 
2066-2095 (bottom right) under the conditions of RCP8.5 
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Figure 6.15: Projected total precipitation (mm) for Pentad 2 (6−10 January) for the periods 2036−2065 

(top left) and 2066−2095 (top right) under the conditions of RCP4.5, and 2036−2065 (bottom left) and 

2066−2095 (bottom right) under the conditions of RCP8.5 
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Figure 6.16: Projected total precipitation (mm) for Pentad 3 (11−15 January) for the periods 2036−2065 

(top left) and 2066−2095 (top right) under the conditions of RCP4.5, and 2036−2065 (bottom left) and 

2066−2095 (bottom right) under the conditions of RCP8.5 
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Figure 6.17: Projected total precipitation (mm) for Pentad 4 (16− 20 January) for the periods 2036−2065 

(top left) and 2066−2095 (top right) under the conditions of RCP4.5, and 2036−2065 (bottom left) and 

2066−2095 (bottom right) under the conditions of RCP8.5 
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Figure 6.18: Projected total precipitation (mm) for Pentad 5 (21−25 January) for the periods 2036−2065 

(top left) and 2066−2095 (top right) under the conditions of RCP4.5, and 2036−2065 (bottom left) and 

2066−2095 (bottom right) under the conditions of RCP8.5 
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Figure 6.19: Projected total precipitation (mm) for Pentad 6 (26−30 January) for the periods 2036−2065 

(top left) and 2066−2095 (top right) under the conditions of RCP4.5, and 2036−2065 (bottom left) and 

2066−2095 (bottom right) under the conditions of RCP8.5 
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Figure 6.20: Projected total precipitation (mm) for Pentad 68 (2−6 December) for the periods 2036−2065 

(top left) and 2066−2095 (top right) under the conditions of RCP4.5, and 2036−2065 (bottom left) and 

2066−2095 (bottom right) under the conditions of RCP8.5 
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Figure 6.21: Projected total precipitation (mm) for Pentad 69 (7−11 December) for the periods 

2036−2065 (top left) and 2066−2095 (top right) under the conditions of RCP4.5, and 2036−2065 (bottom 

left) and 2066−2095 (bottom right) under the conditions of RCP8.5 
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Figure 6.22: Projected total precipitation (mm) for Pentad 70 (12−16 December) for the periods 

2036−2065 (top left) and 2066−2095 (top right) under the conditions of RCP4.5, and 2036−2065 (bottom 

left) and 2066−2095 (bottom right) under the conditions of RCP8.5 
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Figure 6.23: Projected total precipitation (mm) for Pentad 71 (17−21 December) for the periods 

2036−2065 (top left) and 2066−2095 (top right) under the conditions of RCP4.5, and 2036−2065 (bottom 

left) and 2066−2095 (bottom right) under the conditions of RCP8.5 
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Figure 6.24: Projected total precipitation (mm) for Pentad 72 (22−26 December) for the periods 

2036−2065 (top left) and 2066−2095 (top right) under the conditions of RCP4.5, and 2036−2065 (bottom 

left) and 2066−2095 (bottom right) under the conditions of RCP8.5 
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Figure 6.25: Projected total precipitation (mm) for Pentad 73 (27 −31 December) for the periods 

2036−2065 (top left) and 2066−2095 (top right) under the conditions of RCP4.5, and 2036−2065 (bottom 

left) and 2066−2095 (bottom right) under the conditions of RCP8.5 

6.5  CONCLUSIONS 

Scenarios, according to the IPCC, are images of the future. They are neither forecasts nor predictions. 

They allow one to establish and assess the socio-economic and environmental vulnerability of pre-

climate change references, determine the impacts of those changes, and assess vulnerability after 

adaptation. Consequently, understanding the vulnerability of a region due to climate change is 

imperative for adaptation and policy development. Future projections of climate extremes, and 

consecutive dry days for the summer season (October to March) and the mid-summer months 

(December and January) were computed using the ensemble mean of eight CMIP5 global climate 

models under two RCP scenarios. In general, there is a good spatial correlation between the 

dynamically downscaled GCMs (CORDEX) and the ERA5 output. The results showed that CDD for the 

three selected thresholds (1 mm, 2 mm and 3 mm) are projected to increase across the study area 

under both scenarios. Furthermore, the magnitudes of increase under RCP8.5 are projected to be 

higher than under RCP4.5. 
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Overall, the results of this study help to illustrate the future conditions of the major maize-producing 

regions of South Africa under the risk of climate extreme events. The outcomes will serve as a 

convenient resource to assess the impacts of climate change on agriculture, the environment and water 

resources to enhance local decision making, adaptation and strategic planning to ensure food security. 
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CHAPTER 7: THE IMPACT OF MID-SUMMER DRY 

SPELLS ON THE AGRO-WATER BUDGET AND 

MAIZE YIELD POTENTIAL IN THE MAJOR MAIZE-

GROWING REGIONS OF SOUTH AFRICA 

7.1  ABSTRACT3 

Water stress is one of the major limiting factors in dryland maize production in South Africa. The maize-

growing season experiences different rainfall characteristics, such as dry spells, which affect phenology 

and crop yields. The mid-summer period is particularly important for agriculture since a lack of rain 

during this period negatively affects crop growth and yield. This study investigated the impact of South 

African mid-summer dry spells on the annual water budget and on maize yield. A simple water balance 

model was used to assess the impact of mid-summer dry spells on the agricultural water budget. The 

AquaCrop model was used to investigate the impact of dry spells on maize yield in the primary maize-

growing regions of South Africa. The climatic water budget results showed moisture deficits for all 

pentads during the mid-summer, with median deficits ranging from 5 to 25 mm per pentad. The highest 

deficit was experienced in Pentad 73 (27−31 December) and Pentad 1 (1−5 January). The warm and 

dry western maize-growing region had the highest total deficits (> 130 mm) during the mid-summer 

period, compared to the cool and temperate eastern maize-growing regions. The impact of mid-summer 

dry spells on maize yield was also assessed using the AquaCrop model for three years with high, 

medium and low frequencies of dry spells. The results indicated that the impact of mid-summer dry 

spells on maize yield was evident, showing higher yields for the 2004/05 growing season with a low 

frequency of dry spells. The 2000/01 growing season, with its high frequency of mid-summer dry spells, 

produced the lowest yield. The impact of mid-summer dry spells on maize yield is more pronounced on 

the dry, warm western maize-growing region of South Africa, which showed the lowest yield compared 

to the cool, temperate eastern maize-growing regions. 

Keywords: Pentad; rainfall; mid-summer; dry spells; water budget; maize yield 

 

 

3 When making reference to this section, please cite as follows: Mengistu, M.G., Daniel, S., Masithela, T. and Olivier, C. 

2021. The impact of mid-summer dry spells on the agro-water budget and maize yield potential in the major maize-

growing regions of South Africa. In: Mengistu et al. (Eds). 2021. An investigation of the historical and projected 

occurrence of the South African mid-summer drought and its implications for the agro-water budget. Water 

Research Commission, Pretoria, RSA, WRC Report K5/2830, Chapter 7. 
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7.2  INTRODUCTION 

Southern Africa’s summer rainfall experiences significant rainfall variability, with recurrent wet and dry 

spells and severe droughts (Richard et al., 2001). Several studies on rainfall variability in southern Africa 

have reported both intra-seasonal and inter-annual variability in summer, which is the main cropping 

season in the region (Landman and Tennant, 2000; Usman and Reason, 2004; Tadross et al., 2005; 

Mupangwa et al., 2011; Crétat et al., 2011). This observed variability in rainfall and its impact on crop 

yield makes the southern African region prone to food insecurities. Although the relationships between 

total rainfall and crop yield are clear, it is often the variability in seasonal rainfall characteristics, such 

as onset, cessation and dry spells, that are important and have the most adverse effect on agriculture 

(Tadross et al., 2009). 

Drought occurs when there is a temporal imbalance of water availability due to a persistent lower-than-

average precipitation over a certain period of time (Pereira et al., 2009). Several studies in the past 

have focused on the occurrence, intensity, impact and prediction of drought on an annual and seasonal 

basis. However, short-term droughts (dry spells) are equally vital to the agricultural sector, as the timing 

of the occurrence and intensity of the dry period is more important than seasonal shortfalls in rainfall. 

Usman and Reason (2004) highlighted that a season with above-average rainfall may not be better 

than a below-average season over an agricultural region if the rainfall during the season is not well 

distributed in space and time. Crops are more likely to do well with evenly distributed rains than with 

intermittent heavy showers interrupted by prolonged dry periods (Usman and Reason, 2004).  

Water stress is one of the major limiting factors in dryland (rain-fed) agriculture. Its effects include 

stunted growth, delayed maturity and low crop productivity (Mzezewa et al., 2010). Various dryland 

crops, such as maize, are vulnerable to drought and are sensitive to water stress (Tadross et al., 2009; 

Mupangwa et al., 2011; Zinyengere et al., 2014). The maize-growing season experiences different 

rainfall characteristics, such as dry spells, which may impact on phenology and lead to reduced crop 

yield (Tadross et al., 2009; Moeletsi and Walker, 2012). Numerous studies have confirmed that the 

maize crop is more sensitive to water stress during its silking and pollination stages, compared to the 

vegetative stage (Grant et al., 1989; Du Plessis, 2003; Masupha et al., 2016). Generally, it was found 

that dryland maize production in South Africa is significantly affected by the amount and distribution of 

rainfall during the crop-growing season (Benhil, 2002). Furthermore, the occurrence of mid-summer dry 

spells, from approximately mid-December to mid-January, has a negative impact on yield if coincided 

with the flowering stage of maize (Du Plessis, 2003). 

In crop production, water stress (soil water deficit), is a function of precipitation, evapotranspiration, as 

well as several soil properties (Nesmith and Ritchie, 1992). It is often useful to use water balance models 

to quantify components of a water budget. However, crop growth models represent the interactions 

between the plant and its environment (Jame and Cutforth, 1996) and are better suited to investigate the 

impact of water stress on crop yield. A number of models simulate the growth and development of maize, 

such as the CSM-CERES Maize model (Jones et al., 1986), Hybrid-Maize (Yang et al., 2004) and the 

Decision Support System for Agrotechnology Transfer (DSSAT) (Hoogenboom et al., 2010). However, 

these models require field calibration and a number of input parameters. The FAO’s AquaCrop simulation 

model provides a sound theoretical framework to investigate the maize yield response to environmental 

stress (Farahani et al., 2009).  

AquaCrop is a simple model that uses minimum data inputs during calibration to produce reliable 

estimates of crop growth and yield response to water availability (Raes et al., 2009; Steduto et al., 2009). 

AquaCrop is a crop water productivity model (Steduto et al., 2009; Raes et al., 2018) that has been broadly 

tested for simulating the maize yield response to water (Hsiao et al., 2009; Heng et al., 2009). AquaCrop 

simulates crop growth and yield based on the water-driven growth model that relies on the conservative 

behaviour of biomass per unit transpiration relationship (Steduto et al., 2009).  
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Raes et al. (2018) noted that these conservative parameters require no adjustment to the localised 

environments’ favourable or limiting conditions as their modulation is triggered by stress response functions.  

The aim of this study is to evaluate the impact of South African mid-summer dry spells on maize yield 

using the AquaCrop model. A simple water balance model is used to assess the impact of mid-summer 

dry spells on the agricultural water budget across the major maize-growing areas in South Africa.  

7.3 DATA AND METHODOLOGY 

7.3.1 Climatic water budget 

Daily climate data from the South African Weather Service’s data bank was used to investigate the 

impact of mid-summer dry spells on the water budget and maize yield for the summer rainfall region of 

South Africa. From the summer rainfall region, only 16 districts (Figure 7.1A) with homogeneous rainfall 

and seasonality (Kruger, 2011) from the maize-growing areas (Figure 7.1B) were used for further 

analysis. The number of stations used per district and the length of the dataset used for the analysis 

varied from district to district, as shown in Table 7.1. Rainfall was measured at either individual rainfall 

stations or automatic weather stations. As mentioned in Kruger and Nxumalo (2017), measurements at 

manual stations were done at 08:00 SAST and represent the accumulated rainfall over the preceding 

24 hours, while AWS data represents the total rainfall accumulated over the period between 08:00 

SAST the previous day and 08:00 SAST the current day. Only stations that were operational throughout 

the study period were selected, with at least 90% of daily values available. In cases where zero rainfall 

was recorded for relatively long periods, while surrounding stations recorded significant rainfall 

amounts, the data was flagged and removed (Kruger and Nxumalo, 2017). 

Air temperature was averaged from the available stations in the district to create a district average of 

daily maximum and minimum air temperatures. Solar radiation (Rs) and reference evapotranspiration 

(ETo) were estimated using the Hargreaves and Samani (1982) method: 

Rs = (KT)*(Ra)*(TD)0.5           (10) 

where TD is the maximum daily temperature minus the minimum daily temperature (oC); Ra is extra-

terrestrial radiation (mm/day); KT is an empirical coefficient; and TC is the average daily temperature (oC).  

 

Figure 7.1: (A) Rainfall districts for South Africa with provincial borders (SAWB, 1972), showing the 16 
selected districts with red polygons. (B) A map showing the major maize-growing regions with optimum 
planting dates (Source: Grain SA and Agbiz Research) 
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Table 7.1: The length of the district climate dataset used for the water budget and yield analysis 

District Start date End date Number of stations used for ETo Number of years 

60 1985 2015 2 30 

61 1988 2015 1 27 

62 1993 2015 2 22 

63 1994 2015 1 21 

72 1990 2015 1 25 

73 1990 2015 1 25 

74 1992 2015 2 23 

75 1994 2015 1 21 

83 1991 2015 2 24 

84 1992 2015 1 23 

85 1994 2015 2 21 

86 1994 2015 1 21 

87 1994 2015 1 21 

91 1994 2015 1 21 

92 1985 2015 2 30 

93 1985 2015 1 30 

 

ETo = 0.0135*(KT)*(Ra)*(TD)0.5*(TC+17.8)                   (11) 

where TD is the maximum daily temperature minus the minimum daily temperature (oC); Ra is the extra-

terrestrial radiation (mm/day); KT is an empirical coefficient (0.162); and TC is the average daily 

temperature (oC).  

From the daily district data, pentad summations were calculated following the methodology used in Grobler 

(1993). Pentads were calculated using Julian days, for example, Pentad 1 refers to 1−5 January and 

Pentad 73 refers to 27−31 December. The extra leap year day, 29 February, was added to Pentad 10. 

Eight pentads between 12 December (the start of Pentad 70) and 20 January (the end of Pentad 4) 

were selected for a detailed analysis of the mid-summer rainfall for the study area. 

A simple climatic water budget analysis was used following the methodology of Thornthwaite (1948) 

and Thornthwaite and Mather (1955), which uses precipitation (P) and potential or reference 

evapotranspiration (ETo) to estimate moisture surplus or deficit. Surplus moisture is the water above 

what is lost naturally from the soil when P is greater than ETo. Deficit moisture is water that would be 

lost above what is in the soil when P is less than ETo. 

7.3.2 Maize yield estimation 

The FAO’s AquaCrop simulation model was used to estimate maize yield and investigate the impact of 

mid-summer dry spells on maize yield. The FAO’s AquaCrop model is a water-driven simulation model 

(generic crop water productivity model) (Raes et al., 2018; Steduto et al., 2009). It requires relatively 

few input parameters to simulate the yield response to water for most major field and vegetable crops. 

Its parameters are explicit and mostly intuitive, and the model maintains a sufficient balance between 

accuracy, simplicity and robustness (Raes et al., 2018; Steduto et al., 2009). The use of water 

productivity normalised for climate makes AquaCrop applicable to diverse locations and seasons 

(Karunaratne et al., 2010). 

https://link.springer.com/referenceworkentry/10.1007%2F0-387-30749-4_193#CR38_0-387-30749-4_193
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The AquaCrop model uses canopy ground cover (CC) instead of leaf area index (LAI) as the basis to 

calculate transpiration and separate soil evaporation from transpiration. Biomass is then calculated as 

the product of transpiration and a water productivity parameter: 

B = WP x Σ Tr                    (12) 

where B is above-ground biomass (t ha-1), WP is water productivity (biomass per unit of cumulative 

transpiration), and Tr is crop transpiration. Crop yield (Y) is then calculated as the product of the above-

ground dry biomass and the Harvest Index (HI):  

Y = B x HI                   (13) 

AquaCrop requires soil, crop and atmosphere input data files and parameters. The climate component 

requires daily weather data on maximum and minimum air temperature, rainfall, ETo and CO2 

concentration. The soil profile file requires basic soil characteristics, such as volumetric water content 

at saturation, field capacity, permanent wilting point and saturated hydraulic conductivity of the different 

soil profile depths. The crop input data includes parameters such as phenology, development and water 

stress groups, plant density, emergence time, canopy senescence and maturity time, flowering period 

and the duration of yield formation, rooting depth and reference HI. Other input data includes information 

related to ground water, irrigation and field management.  

Due to the variation in the soils on which maize is grown, a default sandy clay loam soil with moderate 

soil fertility was used for the simulations. For the crop input data, the following recommended optimum 

planting dates for maize are used: the beginning of October to the first week of November for the cooler 

eastern maize-producing areas; from the last week in October to mid-November for the temperate 

central regions; and from the last two weeks in November to mid-December for the drier western areas 

(ARC-GCI, 2002; Du Toit et al., 2002). Target yield plays an important role in determining the required 

plant density for each maize-producing area. To acquire a maize yield of four tons per hectare in each 

of the production regions of the study area, a plant density of 20 000 plants per hectare for the warm 

western region, 21 000 for the central temperate region, and 25 000 per hectare for the cool eastern 

region was used (Du Plessis, 2003). The maize cultivars grown in each region also differ, hence a 

cultivar with 120 growing season lengths was used for the simulations. Three planting dates for the 

different maize-production regions were used, as shown in Table 7.2 in the AquaCrop simulations. 

Since the objective of the study was to investigate the impact of mid-summer dry spells on the yield of 

maize, three different growing seasons with a high, medium and low frequency of dry spells during mid-

summer were used in the analysis. 

Table 7.2: The range of planting density and planting dates for the three major maize-growing areas of 
South Africa 

Production region 
Planting 
density 

(plants/ha) 

First planting 
date 

Second planting 
date 

Third planting 
date 

Cool eastern region 

(districts 60, 61, 62, 63) 

25 000 15 October 20 October 25 October 

Temperate eastern 
region (districts 72, 73, 
74, 75) 

21 000 30 October 5 November 10 November 

Warm and dry western 
region (districts 83, 84, 
85, 86, 87, 92, 93) 

20 000 20 November 25 November 30 November 



Investigation of the historical and projected occurrence of South African mid-summer drought 

88 

7.4  RESULTS AND DISCUSSION 

7.4.1 Climatic water budget 

Rainfall in the study area is highly variable from year to year with a high evapotranspiration that often 

exceeds the rainfall. Rainfall distribution for District 62 (in the cool eastern region), District 74 (in the 

temperate eastern region) and District 84 (in the warm, dry western region) is presented in figures 7.2A, 

7.3A and 7.4A, respectively. Evapotranspiration (ETo) distribution for District 62, 74 and 84 is also 

presented in Figure 7.2B, 7.3B and 7.4B, respectively. The black line is the median, the box covers the 

first and third quantiles (25th and 75th percentiles), the whiskers are 1.5 times the interquartile range, 

and the dots are outliers outside this range. The results show high variability in total pentad rainfall 

during the mid-summer pentads (figures 7.2A, 7.3A and 7.4A). Peak evapotranspiration is also 

experienced for all districts during the mid-summer pentads (pentads 70, 71, 72, 73, 1, 2, 3 and 4), as 

shown in figures 7.2B, 7.3B and 7.4B.  

Generally, dry spells occur due to inadequate rainfall, although the evaporative demand of the atmosphere 

is another determining factor. A simple climatic water budget analysis (Thornthwaite, 1948) was used to 

assess the impact of mid-summer dry spells on the agricultural water budget of the major maize-growing 

areas. Precipitation (P) and reference evapotranspiration (ETo) were used to estimate moisture surplus or 

deficit for the mid-summer pentads, as shown in figures 7.5, 7.6 and 7.7. Surplus moisture is the water 

above what is lost naturally from the soil when P is greater than ETo. Deficit moisture is water that would 

be lost above what is in the soil when P is less than ETo. 

 

Figure 7.2: Mean climatic total pentad rainfall distribution (A) and evapotranspiration (ETo) distribution (B) 
for District 62 within the cool eastern maize-growing region of South Africa 
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Figure 7.3: Mean climatic total pentad rainfall distribution (A) and evapotranspiration (ETo) distribution (B) 
for District 74 within the temperate eastern maize-growing region of South Africa 

 

Figure 7.4: Mean climatic total pentad rainfall distribution (A) and evapotranspiration (ETo) distribution (B) 
for District 84 within the warm and dry western maize-growing region of South Africa 

The difference between the P and ETo results indicate a moisture deficit for all the districts and pentads 

during the mid-summer (figures 7.5 to 7.7), with median deficits ranging from 5 to 25 mm per pentad. 

The highest deficit is experienced in Pentad 1 for districts 62 and 84. Pentad 73 showed high deficits 

for District 74 (Figure 7.6). In general, District 84 (Figure 7.7) in the warm, dry maize-growing region 

had the highest deficit, with medians greater than 15 mm per pentad, compared to districts 62 and 74. 

The total climatic water budget for all the mid-summer pentads and districts in the study area are 

summarised in Table 7.3. Districts 91, 92 and 93 (in the warm, dry western maize-growing region) and 

District 72 (in the temperate eastern region) have the highest total deficits (> 130 mm) during the mid-

summer period (Table 7.3).  
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Figure 7.5: Mid-summer climatic water budget (P – ETo) distribution for District 62 within the cool eastern 
maize-growing region of South Africa. The black line is the median, the box covers the first and third 
quantiles (25th and 75th percentiles), the whiskers are 1.5 times the interquartile range and the dots are 
outliers outside this range. 

 

Figure 7.6: Mid-summer climatic water budget (P – ETo) distribution for District 74 within the temperate 
eastern maize-growing region of South Africa. The black line is the median, the box covers the first and 
third quantiles (25th and 75th percentiles), the whiskers are 1.5 times the interquartile range and the dots 
are outliers outside this range. 
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Figure 7.7: Mid-summer climatic water budget (P – ETo) distribution for District 84 within the warm, dry 
western maize-growing region of South Africa. The black line is the median, the box covers the first and 
third quantiles (25th and 75th percentiles), the whiskers are 1.5 times the interquartile range and the dots 
are outliers outside this range. 

Table 7.3: Summary of the climatic water budget (P – ETo) for all the districts in the study area during 
mid-summer 

District P70 P71 P72 P73 P1 P2 P3 P4 
Mid-summer  

total 

60 -11.5 -12.5 -8.1 -16.0 -13.1 -12.0 -13.1 -8.8 -95.0 

61 -6.3 -8.0 -5.2 -11.0 -8.4 -7.0 -10.5 -6.5 -62.8 

62 -8.1 -5.6 -2.0 -6.6 -7.5 -3.7 -5.8 -4.8 -44.2 

63 -5.9 -6.3 -3.5 -2.7 -7.0 -5.3 -9.6 -5.8 -46.0 

72 -17.7 -19.3 -16.4 -16.8 -17.1 -16.3 -17.2 -12.6 -133.4 

73 -16.0 -13.8 -10.3 -17.3 -17.1 -14.7 -15.5 -17.2 -121.9 

74 -8.6 -9.3 -3.4 -9.7 -10.3 -5.8 -9.3 -1.8 -58.3 

75 -6.1 -9.9 -7.9 -10.1 -4.8 -7.8 -8.2 -2.2 -57.1 

83 -18.7 -20.3 -15.4 -18.9 -18.1 -21.5 -22.3 -19.2 -154.4 

84 -17.9 -14.1 -10.9 -15.7 -18.1 -17.1 -15.4 -12.8 -122.1 

85 -10.9 -14.8 -13.2 -14.1 -11.9 -12.8 -12.3 -2.0 -92.0 

86 -5.2 -6.2 -1.2 -5.0 -6.8 -3.6 -9.5 0.3 -37.2 

87 -15.4 -16.0 -13.3 -17.7 -16.5 -12.3 -16.4 -13.0 -120.5 

91 -20.3 -15.4 -13.5 -16.7 -16.8 -15.7 -16.7 -17.3 -132.4 

92 -20.6 -16.9 -17.2 -18.0 -19.9 -16.3 -16.5 -13.7 -139.0 

93 -18.4 -19.3 -15.2 -19.4 -20.5 -16.6 -17.2 -14.4 -140.9 

 

These results indicate that the evaporative demand of the atmosphere is high during the mid-summer 

season, and that water deficits are experienced in the maize-growing areas of the summer rainfall region 

of South Africa. The climatic water budget results presented in Table 7.3 showed water deficits for all mid-

summer pentads and may have a negative impact on maize yield if compounded with soil water deficits. 
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7.4.2 Maize yield estimation using AquaCrop 

The AquaCrop model is used to investigate the impact of mid-summer dry spells on maize yield in the 

major maize-growing regions of South Africa. The impact of mid-summer dry spells on maize yield was 

assessed over a period of three years with a high, medium and low frequency of dry spells (figures 7.8 to 

7.10). An analysis of the total pentad rainfall for eight pentads in December and January was completed 

to investigate the deviation from the climatological average of the number of dry pentads during the mid-

summer period. Anomalies of dry pentad frequency are presented in figures 7.8 to 7.10 using three 

thresholds for districts 62, 74 and 84. Negative values indicate fewer dry pentads, while positive values 

indicate more dry pentads during the mid-summer period. Three growing seasons, 1999/2000 (medium-

frequency dry spells), 2000/01 (high-frequency dry spells) and 2004/05 (low-frequency dry spells) were 

selected from figures 7.8 to 7.10 for more detailed AquaCrop yield simulations. 

0  

Figure 7.8: Pentad anomaly frequency below average thresholds of 5 mm, 10 mm and 15 mm for the 
eight mid-summer pentads in December and January for District 62 in the cool eastern maize-growing 
region of South Africa 
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Figure 7.9: Pentad anomaly frequency below average thresholds of 5 mm, 10 mm and 15 mm for the 
eight mid-summer pentads in December and January for District 74 in the temperate eastern maize-
growing region of South Africa 

 

Figure 7.10: Pentad anomaly frequency below average thresholds of 5 mm, 10 mm and 15 mm for the 
eight mid-summer pentads in December and January for District 84 in the warm, dry western maize-
growing region of South Africa 
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AquaCrop is used to simulate crop growth and yield response to water availability, and uses green canopy 

cover to describe crop development, where the yields are separated into biomass and Harvest Index 

(Raes et al., 2009). Biomass accumulation is calculated as a product of water productivity (WP) and 

transpiration (Tr). The AquaCrop default biomass water productivity value of 32.0 g m-2 and its HI value 

of 48% were used for the maize yield simulations in this study. Water productivity values of 30–35 g m-2 

is generally accepted for C4 cereal crops in AquaCrop. 

The effect of water stress on canopy expansion is simulated by multiplying the canopy growth coefficient 

with the water stress coefficient for canopy expansion. As root zone depletion (Dr) increases and drops 

below the upper threshold, the stress coefficient becomes smaller than 1 and the canopy expansion starts 

to be reduced (Raes et al., 2018). An example of an AquaCrop simulation showing the effect of water 

stress due to dry spells for the 2000/01 maize-growing season for District 62 is presented in Figure 7.11. 

The effect of water stress during the flowering stage of the maize crop is clearly visible on the actual 

canopy cover and root zone depletion.    

 

Figure 7.11: AquaCrop maize crop growth simulation for District 62 showing rainfall, canopy cover and 
transpiration, and root zone water depletion for the 2000/01 maize- growing season 

Maize yield simulations using AquaCrop (t ha-1) for three growing seasons, with varying frequency of dry 

spells and three recommended planting dates, are presented in tables 7.4 to 7.6 for districts 62, 74 and 

84, respectively. For the wet and cool eastern maize-growing region (District 62), early planting on 

15 October produced higher yields, followed by the 20 October planting for all three maize-growing 

seasons (Table 7.4). As shown in Table 7.4, the impact of mid-summer dry spells on maize yield is evident, 

showing yields that are higher in the 2004/05 growing season, associated with a lower frequency of dry 

spells, and vice versa. In the temperate eastern maize-growing region (District 74), yield is also lower for 

2000/01 − a growing season with a high frequency of mid-summer dry spells (Table 7.5).  



Investigation of the historical and projected occurrence of South African mid-summer drought 

95 

The first planting date (30 October) produced a higher yield for the three growing seasons, as shown in 

Table 7.5. With its low frequency of mid-summer dry spells, lower yields were simulated in the 2004/05 

growing season, compared to the 1999/2000 growing season for District 74. These lower yields could 

likely be due to lower total rainfall and/or the distribution of rains during this growing season, compared 

to the 1999/2000 growing season. 

For the dry, warm western maize-growing region (District 84), early planting on 20 November also 

produced higher yields (Table 7.6). The 2000/01 growing season, with a higher frequency of mid-

summer dry spells, produced the lowest yield (as shown in Table 7.6), compared to the other two 

growing seasons, which had a lower number of dry pentads. The impact of mid-summer dry spells on 

maize yield is more pronounced in this region, showing the lowest yield compared to the cool, temperate 

eastern maize-growing regions. 

Table 7.4: AquaCrop maize yield estimates (t ha-1) using three recommended planting dates and three years 
of varying dry-spell frequencies for District 62 in the cool eastern maize-growing region of South Africa 

Planting date 

Maize yield (t ha-1) 

1999/2000 

(medium-frequency  
dry spells) 

2000/01 

(high-frequency  
dry spells) 

2004/05 

(low-frequency  
dry spells) 

15 October 4.99 4.56 5.94 

20 October 4.96 4.34 5.73 

25 October 4.87 4.23 5.70 

 

Table 7.5: AquaCrop maize yield estimates (t ha-1) using three recommended planting dates and three 
years of varying dry-spell frequencies for District 74 in the temperate eastern maize-growing region of 
South Africa 

Planting date 

Maize yield (t ha-1) 

1999/2000 

(medium-frequency  
dry spells) 

2000/01 

(high-frequency  
dry spells) 

2004/05 

(low-frequency  
dry spells) 

30 October 4.24 2.56 3.45 

5 November 4.24 2.53 3.03 

10 November 4.03 2.84 3.00 

 

Table 7.6: AquaCrop maize yield estimates (t ha-1) using three recommended planting dates and three 
years of varying dry-spell frequencies for District 84 in the warm, dry western maize-growing region of 
South Africa 

Planting date 

Maize yield (t ha-1) 

1999/2000 

(medium-frequency  
dry spells) 

2000/01 

(high-frequency  
dry spells) 

2004/05 

(low-frequency  
dry spells) 

20 November 4.23 1.71 4.39 

25 November 4.16 1.81 4.27 

30 November 4.19 2.24 4.08 
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Maize is mostly planted on drylands in most parts of South Africa, and is sensitive to water stress 

(Zinyengere et al., 2014). Several studies have shown that maize plants are more sensitive to water 

stress during silking and pollination, compared to the vegetative stage (Du Plessis, 2003; Masupha et 

al., 2016). Mid-summer dry spells often coincide with the flowering stage of the maize crop and can 

have damaging effects on maize yield (Sun et al., 2007). The AquaCrop maize yield simulation results 

presented in this study confirm the negative impact of mid-summer dry spells on maize yield. Mid-

summer dry spells occur with different intensities, duration and frequency across the major maize-

growing areas of South Africa (Mengistu et al., 2020). The duration and intensity of dry spells have 

shown an increasing trend in dry spells from east to west of the study area. This is also evident in the 

AquaCrop maize yield results (tables 7.4 to 7.6), showing that the warm western maize-growing region 

is impacted the most by mid-summer dry spells. 

7.5  SUMMARY AND CONCLUSIONS 

Southern Africa is subjected to annual and seasonal rainfall variability, which has a significant impact 

on crop yield and food security. Seasonal rainfall characteristics, such as dry spells during the crop-

growing season, may have adverse effects on plant growth and crop yield. The maize-growing season 

experiences different rainfall characteristics, such as dry spells, which affect phenology and crop yield. 

Several studies have confirmed that the maize crop is more sensitive to water stress during its 

pollination stage. Moreover, the occurrence of mid-summer dry spells from mid-December to mid-

January will have a negative impact on yield if it coincides with the flowering stage of maize. The aim 

of this study was to investigate the impact of South African mid-summer dry spells on the annual water 

budget and maize yield. A simple water balance model was used to assess the impact of mid-summer 

dry spells on the agricultural water budget. The AquaCrop model was used to investigate the impact of 

dry spells on maize yield in the primary maize-growing areas of South Africa. 

The climatic water budget results showed that moisture deficits occur in all districts and pentads during 

mid-summer, with median deficits ranging from 5 to 25 mm per pentad. The highest deficit was 

experienced in pentads 73 and 1. The warm, dry western maize-growing regions experience the highest 

total deficits during the mid-summer period, compared to the cool, temperate eastern maize-growing 

regions. The impact of mid-summer dry spells on maize yield was also assessed using the AquaCrop 

model for three years with a high, medium and low frequency of dry spells. Three recommended planting 

dates were used for the maize yield simulations. The results indicate that the impact of mid-summer dry 

spells on maize yield is evident, showing higher yields for the 2004/05 growing season, which is 

associated with a lower frequency of dry spells. The 2000/01 growing season, which is associated with a 

higher frequency of mid-summer dry spells, produced the lowest yield. The impact of mid-summer dry 

spells on maize yield is more pronounced in the dry, warm western maize-growing region, which shows 

the lowest yield, compared to the cool, temperate eastern maize-growing regions. 

The major maize-growing areas of South Africa experience water deficits and high evaporative demand 

during the mid-summer pentads. The climatic water budget and AquaCrop model results indicate that 

dry spells have a negative impact on maize yield. Optimum planting dates were also investigated from 

the recommended dates for the three major maize-growing regions of South Africa. Planting dates 

should be adjusted to ensure that the water-sensitive growth stages do not coincide with the mid-

summer dry-spell periods. The findings from this study will assist farmers and decision makers to adjust 

their planting dates of summer crops to ensure favourable growing conditions during the water stress-

sensitive growth stages. Information on the climatic water budget could also be used as a guide for 

planning supplementary irrigation during the mid-summer dry period.
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CHAPTER 8: GUIDELINES AND EARLY WARNING 

SYSTEM 

8.1  BACKGROUND4 

Water stress is one of the major limiting factors in dryland agriculture. Its effects include stunted growth, 

delayed maturity and low crop productivity. Rainfall distribution and temperature are some of the limiting 

factors that affect crop productivity. Various crops, such as maize, are vulnerable to dry spells during 

specific phonological stages. The flowering stage of maize has been found to be the most sensitive to 

water stress (Figure 8.1), for example, leading to reductions in crop growth, biomass production and 

yield. Therefore, planting dates should be chosen to ensure that this stage coincides with normally 

favourable growing conditions and not with mid-summer dry spells (Du Plessis, 2003). Adjusting the 

planting date to within the optimum planting period is one of the management practices that can 

increase maize yield. However, optimum planting dates are location specific and depend on the onset 

and cessation of rainfall and soil temperature. The aim of this guideline chapter is to produce and 

implement an early warning system and recommended planting dates for maize production, which will 

assist farmers to avoid mid-summer dry spells during the critical flowering stage. Planting dates with 

high risk can be identified for the major maize-growing regions of South Africa based on the likely 

occurrence of mid-summer dry spells and the time between planting and flowering. 

 

 

 

 

 

 

 

 

 

4 When making reference to this section, please cite as follows: Mengistu, M.G., Olivier, C., Daniel, S. and 

Masithela, T. 2021. Guidelines and early warning system. In: Mengistu et al. (Eds). 2021. An investigation of the 

historical and projected occurrence of the South African mid-summer drought and its implications for the agro-

water budget. Water Research Commission, Pretoria, RSA, WRC Report K5/2830, Chapter 8. 
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Figure 8.1: Maize growth stages (PANNAR, 2016) 

8.2  DATA AND METHODOLOGY 

Daily rainfall data from the South African Weather Service’s data bank from 1979 to 2014 was used to 

investigate mid-summer dry spells. From the summer rainfall region, which receives rain mostly from 

October to March, only 16 districts (Figure 8.2) with homogeneous rainfall and seasonality for the maize-

growing areas (Figure 8.3) were used. The study area receives 80% or more of its total annual rainfall 

between October and March. 

The Markov chain probability model was used for dry-spell analysis using a threshold value of 3 mm 

rainfall per day (15 mm per pentad). Reddy (1990) used a threshold of 3 mm per day, which is the 

minimum rainfall depth threshold value for crops to satisfy their crop water requirement during a growing 

season. A pentad with less than 15 mm rainfall was considered a dry pentad and a pentad with 15 mm 

or more rainfall a wet pentad. The Markov chain probability model calculates the initial probabilities of 

having a dry or a wet spell for a given pentad.  
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Figure 8.2: Rainfall districts for South Africa with provincial borders (SAWB, 1972), showing the 16 
selected districts with red polygons 

 

Figure 8.3: A map showing South Africa’s maize-growing areas (AgWeb, 2015) 
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For the climate change predictions of rainfall, CORDEX model simulations, dynamically downscaled 

over the African domain at a spatial resolution of 0.44° x 0.44°, were utilised. Specifically, RCA4, forced 

across its lateral boundaries by the CMIP5 global circulation models (shown in Table 5.1) (Taylor et al., 

2012), was used. The RCA4 model is a coupled ocean-atmosphere regional climate model based on 

the HARLAM numerical weather prediction model (Undén et al., 2002). In terms of climate projections, 

three projected time intervals were considered. These are the current climatology, spanning 2006–

2035; the near-future, defined as the period starting from 2036–2065; and the distant future, spanning 

2066–2095. The CORDEX-Africa model simulations under RCP4.5 and RCP8.5 scenarios across the 

selected time intervals were used in the analysis. The IPCC describes RCP4.5 as an intermediate 

scenario. Emissions peak around 2040 and start declining by approximately 2045. In RCP8.5, 

emissions continue to rise throughout the 21st century. This is generally taken as the basis for worst-

case climate change scenarios.  

Multi-model ensembles, i.e. models produced by combining multiple model ensemble members, were 

used for the climate change rainfall characteristic predictions. This involves the combination of 

information from all participating models, a process that is believed to increase the skill, reliability and 

consistency of ensemble models. In this study, multi-model ensembles refer to a set of model 

simulations from different CORDEX-Africa models (Table 5.1), which were created using the Simple 

Multi-model Averaging (SMA) technique (Georgakakos et al. 2004).  

The onset of rain is defined as the last day on which rainfall of 25 mm or above has been accumulated 

over the previous 10 days, and at least 20 mm accumulated in the subsequent 20 days (Tadross et al., 

2009). The additional 20 mm of cumulative rainfall over the next 20 days ensures that there is enough 

moisture for germination and the early development stage. The cessation of the rainy season is defined 

as three consecutive dekads (10-day periods) with less than 20 mm rainfall each, occurring after 

1 February (Tadross et al., 2009).  

Daily SAWS district rainfall data was used to calculate the onset and cessation for each season for the 

respective observed and simulated (historical and future) scenarios. Onset was calculated as days since 

1 September (the earliest potential start to the summer season) and cessation as days since 1 February 

(the earliest expected cessation date) of the following year. This data was then fitted to a normal 

distribution curve, from which the cumulative probabilities were calculated at various confidence levels.  

8.3  GUIDELINES AND EARLY WARNING SYSTEM 

8.3.1 Observed and projected rainfall onset 

The cumulative probability of rainfall onset for the study site using daily SAWS rainfall district data from 

1979 to 2014 and climate change projections is presented in Figure 8.4 for regions 62 and 86, as well 

as in tables 8.1 to 8.7. The graphs showing the probability of rainfall onset for all regions in the study 

site are presented in Appendix B. 
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Figure 8.4: The cumulative probability of rainfall onset for regions 62 and 86 using the daily SAWS 
rainfall district data and climate change projections 
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Table 8.1: Probability of rainfall onset for the study site using daily SAWS rainfall district data from 1979 
to 2014. Probability indicates onset to occur on or before the listed dates. 

Region 

Probability of onset of rainfall 

95% 90% 85% 80% 

60 27 November 19 November 13 November 8 November 

61 14 November 8 November 3 November 30 October 

62 4 November 29 October 26 October 23 October 

63 11 November 5 November 2 November 30 October 

72 25 November 16 November 11 November 7 November 

73 3 December 25 November 19 November 14 November 

74 13 November 06 November 2 November 30 October 

75 5 November 31 October 28 October 26 October 

83 13 December 3 December 27 November 21 November 

84 9 December 29 November 23 November 18 November 

85 29 November 22 November 16 November 12 November 

86 16 November 11 November 7 November 4 November 

87 15 December 6 December 30 November 26 November 

91 10 December 1 December 25 November 20 November 

92 23 December 14 December 7 December 2 December 

93 28 December 16 December 9 December 3 December 

 

Table 8.2: Probability of rainfall onset for the study site using daily CORDEX historical data from 1976 
to 2005. Probability indicates onset to occur on or before the listed dates. 

Region 

Probability of onset of rainfall (historical 1976−2005) 

95% 90% 85% 80% 

60 21 October 18 October 16 October 14 October 

61 7 October 4 October 2 October 30 September 

62 10 October 6 October 4 October 2 October 

63 26 October 23 October 21 October 19 October 

72 24 November 18 November 14 November 11 November 

73 31 October 27 October 24 October 22 October 

74 14 October 10 October 8 October 6 October 

75 22 October 19 October 16 October 14 October 

83 7 November 3 November 30 October 28 October 

84 3 November 31 October 28 October 26 October 

85 13 November 8 November 5 November 2 November 

86 9 November 4 November 1 November 29 October 

87 3 December 28 November 25 November 22 November 

91 4 November 31 October 29 October 27 October 

92 8 November 5 November 2 November 31 October 

93 3 December 28 November 24 November 22 November 
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Table 8.3: Probability of rainfall onset for the study site using daily CORDEX data for RCP4.5 from 2006 
to 2035. Probability indicates onset to occur on or before the listed dates. 

Region 

Probability of onset of rainfall (RCP4.5 2006−2035) 

95% 90% 85% 80% 

60 22 October 18 October 15 October 13 October 

61 8 October 5 October 2 October 30 September 

62 15 October 11 October 9 October 6 October 

63 24 October 21 October 19 October 17 October 

72 15 November 10 November 7 November 4 November 

73 5 November 1 November 29 October 27 October 

74 16 October 12 October 9 October 7 October 

75 20 October 16 October 13 October 11 October 

83 4 November 31 October 28 October 26 October 

84 7 November 3 November 1 November 30 October 

85 14 November 10 November 7 November 4 November 

86 6 November 3 November 1 November 30 October 

87 29 November 25 November 22 November 20 November 

91 4 November 1 November 30 October 28 October 

92 9 November 6 November 4 November 2 November 

93 22 November 19 November 16 November 14 November 

 

Table 8.4: Probability of rainfall onset for the study site using daily CORDEX data for RCP4.5 from 2036 
to 2065. Probability indicates onset to occur on or before the listed dates. 

Region 

Probability of onset of rainfall (RCP4.5 2036−2065) 

95% 90% 85% 80% 

60 27 October 22 October 19 October 17 October 

61 11 October 7 October 4 October 2 October 

62 15 October 11 October 8 October 6 October 

63 3 November 30 October 27 October 24 October 

72 15 November 10 November 6 November 4 November 

73 2 November 30 October 27 October 25 October 

74 17 October 13 October 10 October 7 October 

75 26 October 21 October 18 October 16 October 

83 31 October 28 October 25 October 23 October 

84 2 November 31 October 29 October 28 October 

85 12 November 8 November 5 November 3 November 

86 12 November 8 November 4 November 2 November 

87 30 November 26 November 23 November 21 November 

91 5 November 2 November 30 October 28 October 

92 8 November 5 November 3 November 1 November 

93 6 December 1 December 27 November 24 November 
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Table 8.5: Probability of rainfall onset for the study site using daily CORDEX data for RCP4.5 from 2066 
to 2095. Probability indicates onset to occur on or before the listed dates. 

Region 

Probability of onset of rainfall (RCP4.5 2066−2095) 

95% 90% 85% 80% 

60 27 October 23 October 20 October 18 October 

61 11 October 8 October 6 October 4 October 

62 15 October 12 October 10 October 9 October 

63 3 November 30 October 28 October 26 October 

72 20 November 14 November 11 November 8 November 

73 9 November 5 November 2 November 31 October 

74 20 October 16 October 14 October 12 October 

75 25 October 21 October 19 October 17 October 

83 12 November 7 November 3 November 31 October 

84 8 November 5 November 2 November 31 October 

85 12 November 9 November 6 November 4 November 

86 7 November 4 November 2 November 1 November 

87 27 November 24 November 21 November 19 November 

91 10 November 6 November 3 November 1 November 

92 13 November 8 November 6 November 3 November 

93 2 December 27 November 24 November 22 November 

 

Table 8.6: Probability of rainfall onset for the study site using daily CORDEX data for RCP8.5 from 2006 
to 2035. Probability indicates onset to occur on or before the listed dates. 

Region 

Probability of onset of rainfall (RCP8.5 2006−2035) 

95% 90% 85% 80% 

60 27 October 22 October 18 October 16 October 

61 7 October 4 October 1 October 29 September 

62 9 October 6 October 3 October 1 October 

63 31 October 26 October 23 October 21 October 

72 12 November 8 November 5 November 2 November 

73 3 November 30 October 28 October 25 October 

74 15 October 11 October 8 October 5 October 

75 24 October 19 October 16 October 14 October 

83 2 November 28 October 26 October 23 October 

84 5 November 1 November 30 October 28 October 

85 13 November 8 November 4 November 1 November 

86 5 November 1 November 29 October 27 October 

87 30 November 26 November 23 November 20 November 

91 6 November 2 November 31 October 29 October 

92 9 November 5 November 3 November 31 October 

93 28 November 24 November 21 November 18 November 
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Table 8.7: Probability of rainfall onset for the study site using daily CORDEX data for RCP8.5 from 2036 
to 2065. Probability indicates onset to occur on or before the listed dates. 

Region 

Probability of onset of rainfall (RCP8.5 2036−2065) 

95% 90% 85% 80% 

60 24 October 20 November 17 October 15 October 

61 11 October 07 November 5 October 3 October 

62 16 October 12 November 9 October 7 October 

63 3 November 30 November 28 October 26 October 

72 20 November 15 November 11 November 8 November 

73 4 November 1 November 29 October 28 October 

74 14 October 11 October 9 October 7 October 

75 25 October 21 October 18 October 16 October 

83 4 November 30 October 27 October 24 October 

84 5 November 2 November 31 October 30 October 

85 12 November 9 November 6 November 4 November 

86 8 November 5 November 2 November 31 October 

87 28 November 24 November 21 November 19 November 

91 5 November 2 November 31 October 30 October 

92 14 November 10 November 7 November 5 November 

93 29 November 24 November 21 November 19 November 

 

Table 8.8: Probability of rainfall onset for the study site using daily CORDEX data for RCP8.5 from 2066 
to 2095. Probability indicates onset to occur on or before the listed dates. 

Region 

Probability of onset of rainfall (RCP8.5 2066−2095) 

95% 90% 85% 80% 

60 29 October 25 October 22 October 20 October 

61 15 October 12 October 9 October 7 October 

62 24 October 19 October 16 October 14 October 

63 13 November 8 November 5 November 2 November 

72 26 November 20 November 16 November 13 November 

73 6 November 3 November 1 November 30 October 

74 21 October 17 October 15 October 13 October 

75 31 October 27 October 24 October 22 October 

83 1 November 30 October 28 October 26 October 

84 8 November 5 November 2 November 1 November 

85 12 November 9 November 7 November 5 November 

86 10 November 7 November 4 November 3 November 

87 01 December 27 November 24 November 22 November 

91 10 November 6 November 3 November 1 November 

92 13 November 9 November 7 November 5 November 

93 1 December 26 November 23 November 21 November 
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8.3.2 Observed and projected rainfall cessation 

The cumulative probability of rainfall cessation for the study site using the daily SAWS rainfall district 

data from 1979 to 2014 and climate change projections is presented in Figure 8.5 (regions 62 and 86), 

as well as in tables 8.9 to 8.16 and   
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 to  

. The graphs showing the probability of rainfall cessation for all regions in the study site are presented 

in Appendix C. 

 

Figure 8.5: The cumulative probability of rainfall cessation for regions 62 and 86 using the daily SAWS 
rainfall district data and climate change projections 
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Table 8.9: Probability of rainfall cessation for the study site using daily SAWS rainfall district data from 
1979 to 2014. Probability indicates cessation to occur on or before (after February) the listed dates. 

Region 

Probability of cessation of rainfall 

95% 90% 85% 80% 

60 9 May 28 April 21 April 15 April 

61 5 May 25 April 19 April 14 April 

62 5 May 25 April 18 April 13 April 

63 8 May 28 April 22 April 17 April 

72 23 May 11 May 3 May 27 April 

73 12 May 1 May 24 April 19 April 

74 7 May 28 April 22 April 17 April 

75 6 May 25 April 18 April 13 April 

83 7 May 26 April 18 April 12 April 

84 15 May 5 May 28 April 22 April 

85 7 May 27 April 20 April 14 April 

86 24 April 14 April 8 April 3 April 

87 21 April 11 April 4 April 29 March 

91 12 May 1 May 23 April 17 April 

92 12 May 30 April 22 April 16 April 

93 26 April 15 April 8 April 3 April 

 

Table 8.10: Probability of rainfall cessation for the study site using daily historical CORDEX data from 
1976 to 2005. Probability indicates cessation to occur on or before (after February) the listed dates. 

Region 

Probability of cessation of rainfall (historical 1976−2005) 

95% 90% 85% 80% 

60 14 June 5 June 30 May 26 May 

61 19 June 12 June 7 June 3 June 

62 10 June 2 June 28 May 24 May 

63 2 June 25 May 19 May 15 May 

72 22 May 12 May 5 May 29 April 

73 23 May 17 May 12 May 9 May 

74 5 July 26 June 20 June 16 June 

75 13 June 4 June 29 May 24 May 

83 19 June 10 June 4 June 30 May 

84 19 May 13 May 8 May 5 May 

85 2 May 25 April 21 April 17 April 

86 18 May 9 May 4 May 29 April 

87 27 March 22 March 18 March 15 March 

91 27 May 20 May 16 May 12 May 

92 12 May 5 May 1 May 27 April 

93 31 March 24 March 19 March 15 March 
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Table 8.11: Probability of rainfall cessation for the study site using daily CORDEX data from 2006 to 
2035 for RCP4.5. Probability indicates cessation to occur on or before (after February) the listed dates. 

Region 

Probability of cessation of rainfall (RCP4.5 2006−2035) 

95% 90% 85% 80% 

60 19 June 11 June 6 June 2 June 

61 30 June 22 June 16 June 12 June 

62 13 June 5 June 31 May 27 May 

63 20 May 14 May 9 May 6 May 

72 5 June 24 May 17 May 11 May 

73 20 May 13 May 9 May 5 May 

74 26 June 17 June 12 June 7 June 

75 8 June 31 May 26 May 22 May 

83 14 June 5 June 30 May 26 May 

84 20 May 14 May 10 May 6 May 

85 26 April 20 April 17 April 14 April 

86 14 May 6 May 30 April 26 April 

87 27 March 22 March 18 March 15 March 

91 22 May 16 May 12 May 9 May 

92 6 May 1 May 27 April 23 April 

93 30 March 24 March 19 March 16 March 

 

Table 8.12: Probability of rainfall cessation for the study site using daily CORDEX data from 2036 to 
2065 for RCP4.5. Probability indicates cessation to occur on or before (after February) the listed dates. 

Region 

Probability of cessation of rainfall (RCP4.5 2036−2065) 

95% 90% 85% 80% 

60 2 June 27 May 23 May 20 May 

61 13 June 6 June 1 June 29 May 

62 21 May 17 May 14 May 11 May 

63 26 May 19 May 14 May 10 May 

72 3 June 24 May 17 May 11 May 

73 23 May 15 May 10 May 5 May 

74 20 June 13 June 8 June 4 June 

75 29 May 22 May 18 May 15 May 

83 6 June 29 May 24 May 19 May 

84 12 May 6 May 2 May 29 April 

85 1 May 26 April 22 April 19 April 

86 10 May 3 May 29 April 25 April 

87 3 April 28 March 24 March 21 March 

91 30 May 23 May 18 May 15 May 

92 9 May 3 May 29 April 26 April 

93 5 April 29 March 25 March 21 March 
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Table 8.13: Probability of rainfall cessation for the study site using daily CORDEX data from 2066 to 
2095 for RCP4.5. Probability indicates cessation to occur on or before (after February) the listed dates. 

Region 

Probability of cessation of rainfall (RCP4.5 2066−2095) 

95% 90% 85% 80% 

60 30 May 24 May 19 May 16 May 

61 20 Jun 11 Jun 6 June 1 June 

62 7 June 30 May 25 May 22 May 

63 24 May 17 May 12 May 8 May 

72 29 May 18 May 11 May 5 May 

73 14 May 8 May 4 May 1 May 

74 1 July 22 June 16 June 11 June 

75 18 June 9 June 2 June 28 May 

83 24 May 18 May 14 May 11 May 

84 10 May 4 May 1 May 28 April 

85 1 May 24 April 20 April 16 April 

86 6 May 29 April 25 April 22 April 

87 24 March 19 Mar 16 March 14 March 

91 13 May 8 May 5 May 2 May 

92 29 April 25 April 21 April 19 April 

93 27 March 21 March 17 March 13 March 

 

Table 8.4: Probability of rainfall cessation for the study site using daily CORDEX data from 2006 to 
2035 for RCP8.5. Probability indicates cessation to occur on or before (after February) the listed dates. 

Region 

Probability of cessation of rainfall (RCP8.5 2006−2035) 

95% 90% 85% 80% 

60 19 June 10 June 4 June 31 May 

61 10 June 4 June 31 May 27 May 

62 29 May 24 May 20 May 17 May 

63 11 May 6 May 3 May 30 April 

72 13 June 1 June 24 May 17 Maye 

73 24 May 16 May 12 May 8 May 

74 30 June 22 June 17 June 13 June 

75 30 May 23 May 19 May 15 May 

83 14 June 6 June 31 May 26 May 

84 15 May 9 May 5 May 2 May 

85 10 May 3 May 28 April 24 April 

86 24 April 21 April 18 April 16 April 

87 29 March 24 March 20 March 17 March 

91 20 May 14 May 10 May 7 May 

92 9 May 3 May 29 April 25 April 

93 24 March 19 March 15 March 12 March 
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Table 8.15: Probability of rainfall cessation for the study site using daily CORDEX data from 2036 to 
2065 for RCP8.5. Probability indicates cessation to occur on or before (after February) the listed dates. 

Region 

Probability of cessation of rainfall (RCP8.5 2036−2065) 

95% 90% 85% 80% 

60 8 June 31 May 26 May 21 May 

61 11 June 4 June 30 May 26 May 

62 31 May 25 May 20 May 17 May 

63 11 May 5 May 1 May 28 April 

72 12 June 31 May 23 May 16 May 

73 25 May 17 May 12 May 7 May 

74 17 June 10 June 5 June 1 June 

75 20 May 14 May 10 May 7 May 

83 12 June 03 Jun 28 May 24 May 

84 26 May 18 May 13 May 9 May 

85 27 April 21 April 17 April 13 April 

86 9 May 2 May 28 April 25 April 

87 5 April 29 March 25 March 21 March 

91 21 May 15 May 11 May 8 May 

92 23 May 14 May 8 May 3 May 

93 23 March 17 March 14 March 11 March 

 

Table 8.16: Probability of rainfall cessation for the study site using daily CORDEX data from 2066 to 
2095 for RCP8.5. Probability indicates cessation to occur on or before (after February) the listed dates. 

Region 

Probability of cessation of rainfall (RCP8.5 2066−2095) 

95% 90% 85% 80% 

60 26 May 20 May 15 May 12 May 

61 4 June 29 May 25 May 21 May 

62 16 May 12 May 8 May 6 May 

63 7 May 2 May 28 April 25 April 

72 19 May 8 May 1 May 26 April 

73 18 May 11 May 6 May 2 May 

74 30 May 25 May 21 May 18 May 

75 22 May 16 May 12 May 9 May 

83 29 May 22 May 18 May 14 May 

84 30 April 26 April 23 April 21 April 

85 22 April 17 April 13 April 10 April 

86 2 May 26 April 22 April 19 April 

87 29 March 23 March 20 March 17 March 

91 18 May 13 May 9 May 6 May 

92 28 April 23 April 20 April 17 April 

93 25 March 19 March 16 March 13 March 
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8.3.3 Optimum planting dates and occurrence of mid-summer dry spells 

Planting during the recommended optimum period for an area will assist farmers to gain higher yields 

using favourable climatic conditions. Dry spells during the flowering stage of maize can cause yield 

losses. The flowering stage may vary between different cultivars of maize and the growing environment. 

For example, the flowering stage occurs about 65 days after emergence in medium-growing maize 

hybrids. Different varieties of maize are planted in the study area. The flowering stage varies from region 

to region depending on the maize cultivar used.  

The optimum planting dates based on the rainfall onset, duration and occurrence of mid-summer dry spells 

are presented in Table 8.17. The information presented in Table 8.17 can be used as a general guideline 

and early warning system for optimum maize planting dates for the major maize-growing regions. The 

occurrence and duration of mid-summer dry spells will also assist in identifying high-risk dates and avoiding 

water stress during the maize-flowering period for the different amize-growing regions and locations. 

Table 8.17: Optimum planting dates based on the cumulative probability (> 80%) of onset and high-risk 
dates with consecutive dry pentads during mid-summer. High-risk mid-summer dates are based on the 
Markov chain dry-spell probability analysis 

Region Optimum planting dates 
High-risk mid-summer 

period 
Duration of high-
risk period (days) 

60 8 November to 27 November 27 December to 15 January 20 

61 30 October to 14 November 27 December to 15 January 20 

62 23 October to 4 November 27 December to 5 January 10 

63 30 October to 11 November 27 December to 15 January 20 

72 7 November to 25 November 12 December to 5 January 25 

73 14 November to 3 December 27 December to 15 January 20 

74 30 November to 13 November 1 January to 15 January 15 

75 26 October to 5 November 1 January to 10 January 10 

83 21 November to 13 December 27 December to 20 January 25 

84 18 November to 9 December 27 December to 15 January 20 

85 12 November to 29 November 27 December to 5 January 10 

86 4 November to 16 November 1 January to 15 January 15 

87 26 November to 15 December 22 December to 5 January 15 

91 20 November to 10 December 22 December to 15 January 25 

92 2 December to 23 December 22 December to 5 January 15 

93 3 December to 28 December 22 December to 5 January 15 
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CHAPTER 9: CONCLUSIONS AND 

RECOMMENDATIONS 

9.1  CONCLUSIONS 

Rainfall is one of the most important factors limiting dryland crop production in South Africa. It is often 

not only the occurrence of a dry spell, but also its intensity and when this dry period occurs that is of 

vital significance. Various crops, such as maize, are vulnerable to dry spells during specific phonological 

stages. The flowering stage has been found to be the stage in which maize is most sensitive to water 

stress, leading to reductions in crop growth, biomass production and crop yield. The mid-summer period 

is of particular significance, since a lack of rain for a few days during this period may affect crop yields 

considerably. It has been observed that, in the summer rainfall region of South Africa, there is a hiatus 

in rainfall during mid-summer and dry spells occur with different intensities and frequencies across the 

major maize-growing areas. The factors that control this switch in rainfall regimes need to be understood 

so that timely predictions can be made for the occurrence of short-term mid-summer dry spells. The 

aim of this project was to conduct an in-depth study of the mid-summer dry spells in the major maize-

growing areas of South Africa.  

The research required high-quality rainfall data, which was obtained from the South African Weather 

Service’s data network. This facilitated the investigation of the frequency, intensity and duration of mid-

summer dry spells in the summer rainfall areas of South Africa. The study included an investigation into 

the ability of climate models to capture these mid-summer dry spells, as well as a synoptic weather 

system analysis to identify the atmospheric forcing that drives such dry spells. The AquaCrop water 

productivity model was used to simulate the impact of mid-summer dry spells on maize yields. Lastly, 

guidelines and an early warning system were developed, which can be used to select optimum maize-

planting dates for the major maize-growing regions in South Africa.  

The results show that, climatologically, the mid-summer months do not necessarily experience lower 

rainfall than the early and late summer months. However, during mid-summer, dry pentads occur with 

different intensities, duration and frequencies across the maize-growing areas of the summer rainfall 

region of South Africa. The analysis of the duration and intensity of dry spells also showed a decrease 

from west to east in the study area. Two main weather patterns dominate the mid-summer season: the 

strong subtropical ridge influence, and the troughs and easterly weather. The results also show that 

ENSO has a strong influence on the mid-summer weather patterns. However, other climate drivers, 

such as SAM and SWIO, show no significant influences. Notably, even though ENSO has an impact on 

the weather patterns, it does not seem to be a driver of dry spells specifically. 

Generally, comparison of the CORDEX RCA4 simulations with the historical observations for the mid-

summer period show that RCA4 simulations underestimate dry spells compared to the climatologically 

observed values. Investigations of the upper-air tropical circulation diagnostics and position of the ITCZ 

also show that the RCA4 simulations differ from the observed scenarios, indicating that large-scale 

upper-air circulations are not well captured in the model simulations. Climate change predictions 

indicate that dry spells are projected to increase across the study area under both the RCP4.5 and 

RCP8.5 scenarios, with more pronounced increases under RCP8.5 than under RCP4.5. 

The climatic water budget analysis showed moisture deficits for all pentads during mid-summer, with 

the highest deficit experienced in Pentad 73 (27−31 December) and Pentad 1 (1−5 January). The warm, 

dry western maize-growing region has the highest total deficits during mid-summer, compared to the 

cool, temperate eastern maize-growing regions.  
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The AquaCrop model simulations indicate that the impact of mid-summer dry spells on maize yield is 

evident, showing higher yields for the growing season with a low frequency of dry spells. The impact of 

mid-summer dry spells on maize yield is more pronounced in the dry, warm western maize-growing region 

of South Africa, showing the lowest yield compared to the cool, temperate eastern maize-growing regions. 

The major maize-growing areas of South Africa experience water deficits and high evaporative demand 

during mid-summer. The results indicate that dry spells have a negative impact on maize yield. Planting 

dates should be adjusted to ensure that the water-sensitive growth stages do not coincide with the mid-

summer dry spells. In addition, soil and water conservation techniques, such as in-field rainwater 

harvesting, are a viable option to alleviate water stress in rainfed maize production. 

9.2  RECOMMENDATIONS 

The results of the dry-spell analyses indicate that mid-summer dry spells occur at different intensities, 

duration and frequency across the maize-growing areas of the summer rainfall region of South Africa. 

The maize-growing season experiences different rainfall characteristics, such as dry spells, which affect 

phenology and crop yield. The research presented in this study will contribute significantly to research 

on short-term drought (dry spells) in South Africa and addresses some of the research gaps in dry-spell 

analysis studies, which are of utmost importance for rainfed crop production. The findings from this 

study will assist farmers and decision makers to strategically adjust the planting dates of their summer 

crops to ensure favourable growing conditions during the water stress-sensitive growth stages. 

Information about dry spells could also be used to select a crop variety for a given location and to plan 

supplementary irrigation practices. 

Planting during the recommended optimum period for an area will assist farmers to gain higher yields 

using favourable climatic conditions. The optimum planting dates based on the information of rainfall 

onset, duration and occurrence of mid-summer dry spells presented in Table 8.17, coupled with seasonal 

rainfall forecasts, can be used as a general guideline and early warning system for optimum maize-

planting dates for the major maize-growing regions. Information on the occurrence and duration of mid-

summer dry spells will also assist farmers and decision makers to identify high-risk dates and avoid water 

stress during the maize-flowering period for the different maize-growing regions and locations. 

The pattern of onset and cessation of rainfall is changing in the study area, specifically for the warm 

western maize-growing regions. The optimum planting dates for some areas in the warm western 

maize-growing region are already shifting towards late December and January. Future research should 

focus on the analysis and characteristics of dry spells in the warm western maize-growing region and 

their impacts on crop yield.  

Climate change predictions using CORDEX RCA4 simulations indicate that dry spells are projected to 

increase across the study area. In general, an underestimation of dry spells is detected between the 

model simulated and observed climatological dry spell occurrences for the mid-summer season. 

However, some regions within the study area seem to capture the climatological occurrence of dry 

spells well, which suggests possible small-scale inadequacies in the models − an avenue for further 

investigation. Therefore, it is recommended that mid-summer dry-spell analysis should also be 

assessed using other CORDEX regional climate models, as well as comparing them to statistical 

downscaling methods.  
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APPENDIX A: CAPACITY BUILDING 

Capacity building and technology transfer 

Capacity building and technology transfer activities included the scientific training of students for 

postgraduate qualifications, scientific papers published and delivered at international conference, and 

stakeholder engagement workshop. Research capacity was built by registering students at the 

University of Pretoria and the University of KwaZulu-Natal (Table A1). Capacity building was also 

achieved through the competency development of the SAWS project team members on different 

aspects of mid-summer dry spells. 

Table A1: Students who have registered under the project for postgraduate qualifications. 

Name Degree Status 

Daniel Siphamandla  MSc Agrometeorology (University of KwaZulu-Natal) Final year 

Mathole Kelebogile  PhD Meteorology (University of Pretoria) Final year 

 

Scientific articles and conference papers 

1. MENGISTU MG, OLIVIER C, BOTAI JO, ADEOLA AM and DANIEL S (2021). Spatial and temporal 

analysis of the mid-summer dry spells for the summer rainfall region of South Africa. WaterSA, 

DOI: 10.17159/wsa/2021.v47.i1.9447. 

 

2. DANIEL S, MENGISTU MG, OLIVIER C and BOTA JOI (2020). Analysis of wet and dry spells in 

the summer rainfall region of South Africa. 14th KMS International Conference on Meteorological 

Research, Applications, and Services, 21−23 October 2020.  

 

3. OLIVIER C, LANDMAN S, ENGELBRECHT C and MENGISTU MG. Synoptic analysis of the mid-

summer dry spells for the summer rainfall region of South Africa. (Draft paper to be submitted to 

International Journal of Climatology). 

 

4. MENGISTU MG, OLIVIER C, MATHOLE K, MAKGOALE T and ADEOLA A. Evaluation of CORDEX 

models in simulating historical dry spells over major maize producing regions of South Africa. (Draft 

paper). 

5. ADEOLA AM, MENGISTU M, MAKGOALE TE and OLIVIER C. Climate change projections of the 

mid-summer dry spells over the maize producing region of South Africa. (Draft paper). 

6. MENGISTU MG, DANIEL S, MASITHELA T and OLIVIER C. The impact of mid-summer dry spells 

on the agro-water budget and maize yield potential in the major growing regions of South Africa. 

(Draft paper). 

Stakeholder engagement workshop 

A virtual stakeholder engagement workshop was held on 26 February 2021. The objectives of the 

workshop were as follows:  

• Disseminate research findings of the project  

• Exchange and share information on mid-summer dry spells with stakeholders 

 

https://doi.org/10.17159/wsa/2021.v47.i1.9447
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APPENDIX B: ONSET OF SUMMER RAINFALL  

Cumulative probability graphs for onset to have occurred since 1 September of the same season are given below. The black line represents the observed 

climatological onset dates and the blue lines indicate the various simulated historical and future scenarios as indicated by the legend. 
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APPENDIX C: CESSATION OF SUMMER RAINFALL  

Cumulative probability graphs for cessation to have occurred since 1 February of the same season (in the following year) are given below. The black line represents 

the observed climatological cessation dates and the blue lines indicate the various simulated historical and future scenarios as indicated by the legend. 
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