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South Africa is frequently subjected to severe droughts and dry spells during the rainy season. As such, 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
yields. 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
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 for the
analysis of dry spells. Dry spell analysis showed that dry pentads occur during mid-summer with differing
intensity, duration and frequency across the summer rainfall region. 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. 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 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 1% to 29% probability of getting 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.

INTRODUCTION

South Africa is a semi-arid country with mean annual rainfall totals below 500 mm (Taljaard, 1996).
In most parts of South Africa rainfall occurs during the austral summer months from 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 southeast and east coast, then 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 in the rising rainfall occurs over part of the summer
rainfall region (Taljaard, 1986). 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., 2014), as
well as the south-western region which receives the majority of its rain during the winter months
(Reason et al., 2002).

Southern Africa 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, dry spells are equally important 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
intermittent heavy showers interrupted by prolonged dry periods (Usman and Reason, 2004). Various
crops, such as maize, are vulnerable to dry spells during specific phenological stages (Tadross et al.,
2009; Mupangwa et al., 2011). Water stress is one of the major limiting factors in dryland (rainfed)
agriculture and 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). Therefore, planting dates should be chosen to ensure that
this stage coincides with normally favourable growing conditions and does not coincide 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 particularly important since a lack of rain
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for even a few days during this period may decrease crop yields.
Variability in seasonal rainfall totals alone may not explain the
relationship between rainfall and crop yields, 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 5 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 cyclonic (baroclinic) regime in early summer switches
to a dominantly tropical (barotropic) system, characteristic of
late summer (Bhalotra, 1984). With the exception of a study
by Grobler (1993), little research has been devoted to dry spell
characteristics in South Africa.

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 spells of rainfall, since
the frequency distribution of the length of the spells is dependent
on the selected threshold (Barring et al., 2006). Different thresholds
have been used internationally based on the aspect of the spells
that needed to be considered. Moon et al. (1994) and Matrin-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 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 daily rainfall for wet and dry spell analysis.
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 5 days (a pentad)
during which rainfall totals are less than predefined thresholds.
Three thresholds of 5 mm, 10 mm, and 15 mm total rainfall for a

pentad were used for the analysis of dry spells. This study aims to
perform a detailed spatial and temporal analysis on the occurrence
of the mid-summer dry spells (MSD) based on magnitude, length
and time of occurrence in the summer rainfall region of South
Africa.

DATA AND METHODOLOGY

Daily rainfall data from the South African Weather Service
(SAWS) data bank were used to investigate mid-summer dry
spells. Rainfall was measured at either individual rainfall stations
or automatic weather stations (AWSs). As mentioned in Kruger
and Nxumalo (2017), measurements at manual stations were
done at 08:00 SAST and represent the accumulated rainfall over
the preceded 24 hours, while AWS data represent the total rainfall
accumulated over the period from 08:00 SAST the previous day to
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 (a month or longer) when surrounding
stations recorded significant rainfall amounts, the data were
flagged and removed (Kruger and Nxumalo, 2017).

The summer period is defined as the 6-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 Fig. 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
October to March period). The study area receives 80% or more of
its total annual rainfall from October to March as shown in Fig. 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 rain mostly during October to March (Fig. 1), only 16
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Figure 1. October to March rainfall totals compared with annual rainfall totals (1979-2018) using CPC unified gauge-based analysis of global

daily precipitation
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Figure 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)

districts (Fig. 2A) with homogeneous rainfall and seasonality
(Kruger, 2011) from the maize-growing areas (Fig. 2.B) were used
for further analysis. From the daily district rainfall (Kruger and
Nxumalo, 2017), pentad summations (totals) were calculated
following the methodology used in Grobler (1993). Pentads
were calculated using Julian days; for example, Pentad 1 refers to
January 1-5 and Pentad 73 refers to December 27-31. The extra
leap year day, 29 February, was added to the 10* pentad. Eight
pentads between 12 December (start of Pentad 70) and 20 January
(end of Pentad 4) were selected for detailed analysis of the mid-
summer rainfall for the study area.

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 as a dry pentad and a pentad with
15 mm or more rainfall as a wet pentad. The Markov chain model
calculates the initial probabilities of getting a dry spell or wet spell
for a given pentad. The calculation of conditional probabilities
provides the information on the dry spell followed by dry or wet
spell and vice-versa. The calculations of initial and conditional
probabilities are given below.

Initial probability:
P,=F /N (1)
P,=F,/N )
Conditional probabilities:
Byy = oy 1, 3)
Py =Fyw!Fy (4)
P =1-P,, (5)
Consecutive dry and wet pentad probabilities
2D= P, Py, (6)
2W = Py, Py (7)
3D = By, PopgaPonys ®)
3W = Py s Pawns )

where, P, is the probability of the pentad being dry, P,, is the
probability of the pentad being wet, N is the number of years of
data, F, is the number of dry pentads, F,, is the number of wet
pentads, Py, is the probability of a dry pentad preceded by a
dry pentad, Py, is the probability of a wet pentad preceded by
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a wet pentad, Py, is the probability of a dry pentad preceded
by a wet pentad, Fpy, is the number of dry pentads preceded by
another dry pentad, Fy,, is the number of wet pentads preceded
by another wet pentad, 2D is the probability of 2 consecutive dry
pentads starting with a particular pentad, 2W is the probability
of 2 consecutive wet pentads starting with the pentad, 3D is the
probability of 3 consecutive dry pentads starting with the pentad,
3W is the probability of 3 consecutive wet pentads starting with
the pentad, Pp,,, is the probability of the pentad being dry (first
pentad), Py, is the probability of the second pentad being dry,
given the preceding pentad dry, Py, ; is the probability of the
third pentad being dry, given the preceding pentad dry, Py, is
the probability of the pentad being wet (first pentad), Py, is the
probability of the second pentad being wet, given the preceding
pentad wet, and Py, is the probability of the third pentad being
wet, given the preceding pentad wet.

RESULTS AND DISCUSSION
Time-series analysis of mid-summer rainfall

Long-term mean monthly rainfall totals were plotted to check the
seasonality and rainfall variability for all selected districts from
the summer rainfall region. The district rainfall plots exhibited
austral summer rainfall seasonality with mean monthly rainfalls
peaking in December. Examples of the plots are presented in Fig. 3,
showing rainfall seasonality for 4 districts covering different
maize-growing regions of the summer rainfall areas of South
Africa.

Most studies of mid-summer drought evaluate an already existing
climatological dry period within a typical summer season
(Bhalotra, 1984; Karnauskas et al., 2013; Perdigén-Morales et al.,
2017). During this relatively dry period, precipitation is reduced
by up to 40% and constitutes a clear signal of bimodal nature of the
summer precipitation (Perdigén-Morales et al., 2017). 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 Fig. 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.
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Figure 3. Rainfall seasonality for four different maize-growing regions of South Africa. The black line is the median, box covers the 1t and 3+
quantile (25" and 75™ percentiles), whiskers are 1.5 times the interquartile range and dots are outliers outside this range
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Figure 4. Pentad rainfall distributions for the 16 district rainfall regions contained within the revised study area. The black line is the median, box
covers the 1t and 3" quantile (25 and 75t percentiles), whiskers are 1.5 times the interquartile range and dots are outliers outside this range

Water SA 47(1) 76-87 / Jan 2021 79
https://doi.org/10.17159/wsa/2021.v47.i1.9447



District 74 - Anomaly number of pentads below average thresholds
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Figure 5. Pentad anomaly frequency below-average thresholds of 5 mm, 10 mm, and 15 mm for the eight pentads in December and January

covering the four different maize-growing regions of South Africa

Table 1. The non-parametric Mann-Kendall test of dry pentads using three thresholds for 16 homogeneous rainfall districts for the mid-summer

period (1985-2015)

District Thresholds
>5mm >10 mm >15mm
Z-statistic Attained significance level  Z-statistic Attained significance level  Z-statistic Attained significance level

60 =117 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%
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%

An analysis of total pentad rainfall for 8 pentads in December and
January was done to investigate the deviation from the climatolog-
ical average of the number of dry pentads during the mid-summer
period. Anomalies of dry pentad frequency are presented in Fig. 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 Fig. 5. The non-parametric Mann-Kendall trend test
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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 1 for the dry pentads during the
mid-summer using the three thresholds. As presented in Table 1,
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 also have shown a decrease in 5 mm pentad rainfall
totals at 92% and 93% confidence level, respectively.
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Boxplots of annual frequencies of dry pentads during the mid-
summer (December-January) using the three thresholds of 5 mm,
10 mm and 15 mm are presented in Fig. 6. The bands inside the
boxplots show the medians and the ends of the whiskers (vertical
lines) represent the minimum and the 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 Fig. 6, indicating
more dry pentads for all three thresholds for the 30-year period.

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 2. A pentad with less than

15 mm rainfall was considered as a dry pentad. The Markov chain
model calculates the initial probabilities of getting dry spell (Py),
conditional probabilities of dry spell followed by dry spell (Py;,),
two (2D) and three (3D) consecutive dry spells. Climatologically,
Districts 72, 83 and 93 show a higher likelihood of getting
consecutive dry spells than the other regions. Consecutive dry
spells also seem more likely to occur during Pentads 73 and 1.
These results are in agreement with the findings of Grobler (1993),
who reported mid-summer dry spells for the study area which
lasted, on average, 7 to 14 days, occurring typically at the end of
December and the beginning of January.
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Figure 6. The number of pentads with below-average thresholds of 5 mm, 10 mm, and 15 mm for the eight pentads in December and January
(1985-2015) covering the four different maize-growing regions of South Africa

Table 2. Markov chain results for the 16 rainfall districts contained 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 - P, (B) probability for dry pentad given the previous
pentad dry - Py, (C) probability for two consecutive pentads being dry starting with the pentad — 2D, (D) probability for three consecutive

pentads being dry starting with the pentad — 3D

District Pentad
70 71 72 73 1 2 3 4
®)P,

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 7740 64.50 45.20 74.20 7740 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 7740 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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Table 2 Continued. Markov chain results for the 16 rainfall districts contained 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 - P, (B) probability for dry pentad given
the previous pentad dry - Py, (C) probability for two consecutive pentads being dry starting with the pentad — 2D, (D) probability for three
consecutive pentads being dry starting with the pentad — 3D

District Pentad
70 71 72 73 1 2 3 4
(B) Ppp
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
(©)2D
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 5.4 6.87 9.03 9.99 4.16 5.83 416
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 3710
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 2710 29.10 40.20 43.10 19.80 15.00 21.60
(D) 3D
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 3.7
62 0.81 1.05 1.37 1.75 1.29 0.54 0.75 0.81
63 113 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 3.20 473 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 13.70 770 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 2340 13.90 5.10 6.30 9.80
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Spatial analysis of mid-summer rainfall

The episode of dry spells (EP) is the number of consecutive dry
spells (= 2 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 Fig. 7, the
mean EP values varied from 1.69 to 2.10 across the districts. High
mean EP values were observed around Districts 75, 86 and 91 in

Mpumalanga, Limpopo and North West Provinces, respectively.
Most dry spell episodes with higher EP are concentrated in the
north-central part of the study area. Similarly, the standard
deviation (STD) of the EP shown in Fig. 8 illustrates that the main
deviation from the mean EP is located in District 74. Although
high mean values of EP were noticed in the north-central part of
the study area there is little variation from the mean EP.
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Figure 7. The mean episode of dry spells (EP) during mid-December and mid-January using a threshold value of 15 mm for the period of
1985-2015. (EP) is the number of consecutive dry spells (= 2 pentads) in one mid-summer period
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Figure 8. The standard deviation of the episode of dry spells (EP) during mid-December and mid-January using a threshold value of 15 mm for

the period of 1985-2015
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The average maximum duration of dry spells (DD), which is the
maximum duration of consecutive dry spells using a threshold
of 15 mm between mid-December and mid-January per year,
is depicted in Fig. 9 and the deviations from the mean for each
district (standard deviation of DD) in Fig. 10. There is a close
range of mean DD across the districts; however, there is a decline
in the duration of dry spells from the west to east of the study

area. As shown in Fig. 9, high mean values of DD are noticeable
in Districts 83 and 92 in Free State and North West Provinces,
respectively. This indicates that dry pentads are more evident over
the districts during the mid-summer period compared to other
districts. More deviations from the mean DD were also observed
for rainfall Districts 83 and 92 compared to the other districts as
shown in Fig. 10.
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Figure 9. The mean maximum duration of dry pentads (DD) during mid-December and mid-January using a threshold value of 15 mm for the

period of 1985-2015
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Figure 10. The standard deviation of the maximum duration of dry pentads (DD) during mid-December and mid-January using a threshold value

of 15 mm for the period of 1985-2015
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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 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 Africa 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 is important in terms of
adverse effects on agriculture (Tadross et al., 2009).

The maize growing season experiences different rainfall
characteristics such as dry spells which may impact phenology
and lead to reduced crop yields (Tadross et al., 2009; Moeletsi and
Walker, 2012). Maize is mostly planted on drylands in most parts
of Southern Africa and is 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 show 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).

Several studies have reported on dry and wet spell analysis over
southern Africa and their impacts 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 crop. 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 of 5 mm, 10 mm,
and 15 mm total rainfall for a pentad. As shown in the previous
sections, the frequency (Figs 5 and 6), magnitude (Fig. 7),
and duration (Fig. 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 occurrence probability of dry spells from
east to west of the study area.

Annual frequency of dry pentads for the mid-summer period
ranged between 0 and 4 pentads for the 5 mm threshold and
from 1 to 7 for the 10 mm and 15 mm thresholds, as presented in
Fig. 6. These results are comparable with the study of Usman and
Reason (2004), who reported mean frequency 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 (3 mm per day) threshold pentad rainfall
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. (2003) suggested a higher
threshold of 4.95 mm can be used to define a wet day.

Markov chain results for the 16 rainfall districts contained 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 2). There is a 5% to
48% probability of experiencing 2 consecutive dry pentads and,
for the same period, there is a 1% to 29% probability of getting 3
consecutive dry pentads for the study area, as shown in Table 2.
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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 there is
enough soil moisture available. However, districts (e.g. 72, 83 and
93) experiencing 2 and 3 consecutive dry pentads are likely to
be water-stressed. These dry spells, compounded with the high
temperatures experienced during this 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 the Limpopo Province by Mzezewa et al. (2010)
and Tshililo (2017) have highlighted that dry spells are one of the
most important determinants of maize yield reduction if coincident
with the water stress—sensitive stages of the maize crop. Therefore,
planting dates should be chosen to ensure that this stage coincides
with normally favourable growing conditions and does not coincide
with mid-summer dry spell periods (Du Plessis, 2003). In-situ
rainwater harvesting is a viable option to alleviate water stress in
rainfed maize production. Moreover, information on the length of
dry spells could be used for selecting drought-tolerant crop varieties
and could also be used as a guide for planning supplementary
irrigation during the mid-summer dry period.

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 yields negatively. 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 does not show the relationship between rainfall and
crop yields. However, little research has been dedicated to dry
spell characteristics 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
for the analysis of 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. 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 dry pentads occur during mid-
summer with 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 mid-summer for 16 selected homogeneous rainfall districts
indicates that there is no significant trend in the frequency of dry
spells at the 95% significance level. The initial and conditional
probabilities of getting a dry spell using the Markov chain 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 2 consecutive dry pentads
and 1 to 29% probability of getting 3 consecutive dry pentads.
Consecutive dry spells mostly seem to occur during Pentads 73
(end of December) and 1 (beginning of January). Furthermore,
the Markov chain analysis showed a decrease in the probability
of dry spells from west to east of the study area. Analysis of the
duration and intensity of dry spells also showed a decrease from
west to east of the study area.

The research presented in this study will significantly contribute
to dry spell research in South Africa and addresses some of the
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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 planting
dates of summer crops to ensure favourable growing conditions
during the water stress—sensitive growth stages. Information
about dry spells could also be used for selecting a crop variety in a
given location and for planning supplementary irrigation.
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