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ABSTRACT 

 
Maize (Zea mays L.) is a staple food in South Africa. Under rain-fed conditions, 
drought is a major limiting factor for crop growth and development. Among the various 
indices of characterising drought, the Standardized Precipitation Evapotranspiration 
Index (SPEI) has the ability to combine a multi-scalar character with the capacity to 
include the effects of temperature variability and evapotranspiration to monitor 
droughts with respect to severity, duration, onset, extent and end. This study was 
conducted to analyze drought occurrences and severity at different probability levels 
in the Luvuvhu River catchment, using the SPEI. This was based on climatic data 
from seven weather stations (1975 to 2014) which represent the catchment fairly well 
in terms of climate, soil and topographical features. Reference ET was calculated by 
Hargreaves method. SPEI was based on the Log-Logistic probability distribution of 
the water balance (D) per growing season at a 4-month temporal scale. The index 
was then aggregated at different timescales following three consecutive planting 
dates (October, November and December), as all the farmers cannot plant 
immediately after the first significant rains due to non-availability of tractor services 
and other inputs. For drought analysis, a 120-day maize crop was considered and 
analysis was carried out for the whole growing period. The SPEI time series was then 
subjected to the non-parametric Spearman’s Rank Correlation test in order to 
determine trends. Results indicated a high variability of drought conditions over the 
area. Probability levels at 10%, 20% and 50% revealed that mild drought conditions 
were the most frequent in the area, giving a return period of once in two seasons. 
Furthermore, it was observed that planting in October placed the crops at a higher 
risk of experiencing droughts, as compared to planting in November and December. 
Trend analysis indicated no significant trends except for weak increasing SPEI values 
at Thohoyandou, implying that the severity of drought decreased over time in this 
area. Therefore, such findings can provide valuable information as to how to plan for 
crops and develop plans for mitigating the impact of drought in a given area. 
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1. INTRODUCTION 
 
Drought is a worldwide recurring climate disaster affecting most economic sectors (Li 
et al., 2009; Sonmezet al., 2005). It differs between regions and its impacts vary 
because of differences in economic, social and environmental characteristics. This 
climate disaster is defined as the consequence of consistently below average 
precipitation, and it is associated with high temperatures, high winds, and low 
humidity (Mniki, 2009). 
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Agricultural drought is complex and no single index can define its features and 
impacts (Song et al., 2013). Various indices [Standardized Precipitation Index (SPI), 
Standardized Precipitation Evapotranspiration Index (SPEI), Normalized Difference 
Vegetation Index (NDVI) and the Water Requirement Satisfaction Index (WRSI)] have 
been developed to detect and monitor droughts worldwide. Index selection should be 
solely based on individual needs of the user for a specific region (Song et al., 2013). 
 
SPEI considers both precipitation and evapotranspiration (ET0) in determining 
drought (Vicente-Serrano et al. 2015). Its main advantage is that it compares the 
highest possible atmospheric water demand (ET0) with the current water availability 
(precipitation)(Vicente-Serrano et al. 2015). The SPEI was selected to 1) investigate 
the probabilities of drought during the growing season of maize, relative to different 
planting dates; and 2) assess the SPEI trends with respect to drought severity, in the 
Luvuvhu River catchment area. 
 

2. MATERIALS AND METHODS 
 
2.1  Description of case study area 

 
The Luvuvhu River Catchment (Figure 1) lies in the Vhembe district at the N-E corner 
of the Limpopo Province (29.49°E - 31.23°E and 22.17°S). The catchment area is 
5941 km2 subdivided into 14 quaternary catchments (Nkuna and Odiyo, 2011). The 
soils are sandy loam and the rainfall is influenced by the topography with the mean 
annual precipitation ranging from less than 450 mm on the low lying plains (northern 
and eastern parts) to more than 1 200 mm in the mountainous areas (ARC, 2015). 
 

Figure 1.  The Luvuvhu River catchment and location of the weather stations used in 
this study. 
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This catchment is an economically poor and under-developed region as per South 
African standards, wherein a significant number of people derive their subsistence 
from dryland maize farming, livestock and remittances from migrant working family 
members (DWAF, 2004). Therefore, rainfall variability can expose crops to a range of 
mild to severe drought, resulting in reduced yields in these small-scale farmer areas, 
as maize production is entirely rain-fed (Bouagila and Sushama, 2013). Thus, we 
selected the LuvuvhuRiver Catchment area as a case study. 

 
2.2  Data 
 
Climatological data (rainfall and temperature) were obtained from the Agricultural 
Research Council (ARC, 2015). Table 1 presents the geographical description of the 
seven weather stations that were selected, comprising datasets of ≥30 years. The 
data was examined for quality and missing values were patched using the ARC 
stand-alone Data Patch function which employs the Multiple Linear Regression (MR) 
and the Inverse distance weighting (IDW) method using neighbouring stations 
(Shabalala and Moeletsi, 2015). 
 
Table 1. The seven weather stations in the Luvuvhu R. Catchment, used in the study. 
 

Station Name Latitude (°E) Longitude (°S) Altitude (m) Time frame 

1. Levubu -23.042 30.151 880 1983-2014 

2. Lwamondo -23.044 30.374 648 1983-2014 

3. Thohoyandou -22.967 30.500 600 1983-2014 

4. Tshiombo -22.801 30.481 653 1983-2014 

5. Punda Maria -22.683 31.017 457 1975-2004 

6. Sigonde -22.397 30.713 428 1983-2014 

7. Pafuri -22.450 31.317 305 1975-2004 

 
Reference ET (ET0) was calculated by Hargreaves method (Hargreaves and Samani 
1985), from an input data file containing geographic coordinates of the station, 
minimum and maximum air temperature. This method was selected as the best 
alternative for quantifying evapotranspiration in large-scale of studies where data 
(relative humidity, vapour pressure deficit, wind speed or solar radiation) were 
missing (Droogers and Allen 2002; Moeletsi et al., 2013; Trambaueret al., 2014). 
Moreover, Hargreaves and Allen (2003) indicated that this method leads to a notably 
smaller sensitivity to error in climatic inputs as it calculates ET0 as a function of 
minimum and maximum air temperature and extraterrestrial radiation. 
 
2.3  Determination of drought using spei 

 

For SPEI formulation, the algorithm developed by Vicente-Serrano et al. (2010) was 
applied using R package SPEI version 1.65  developed by Bergueria and Vicente-
Serrano (2013). The first step was to compute the climatic water balance (𝐷) i.e. 
difference between precipitation (𝑃) and 𝐸𝑇0 for a given month: 
 
𝐷 = 𝑃 − 𝐸𝑇0         (1) 
 
Where:𝐷= Climatic water balance; 𝑃= Precipitation; 𝐸𝑇0= Reference ET. 
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A log-logistic probability function 𝐹(𝑥)was then fitted to the data series of 𝐷, where 
the log-logistic distribution is the distribution of a random variable whose logarithm 
follows a logistic distribution. The function𝐹(𝑥) was then transformed to a normal 
variable following the classical approximation of (Abramowitz and Stegun, 1965; cited 
by Ujeneza, 2014). The SPEI is the obtained variable Z and it ranges from≥ +2 
(extremely wet) and ≤ -2 (extremely dry). Negative SPEI values specify drought 
conditions (Table 2) and the larger the negative value, the more intense the drought. 
 

Table 2. Drought classes by SPEI values (McKee et al., 1993) 
 

SPEI Drought category 

0 to -0.99 Mild drought 

−1.00 to -1.49 Moderate drought 

-1.5 to -1.99 Severe drought 

≤−2.00 Extreme drought 

 
In order to obtain accumulated seasonal drought conditions SPEI was calculated at 4-
month timescale for each month of the year, which is equivalent to the growing period 
of a120-day maturing maize crop. The Index series were then obtained and arranged 
according to the agricultural season i.e. June – July. Cumulative distribution functions 
were constructed in STATISTICA software, using the SPEI series and analysis was 
conducted at 10%, 20% and 50% probability of non-exceedance, where the 
probability levels denotes the different classes of drought (severe, moderate and 
mild), giving a return period of 1 in 10, 5 and 2 growing seasons, respectively. 
 
2.4  SPEI trends 
 
Trends in the SPEI series were calculated using the non-parametric Spearman’s 
Rank Correlation test for each station. Spearman rank correlation test is based on the 
coefficient ρ which ranges from –1 to 1, where a positive value indicates an 
increasing trend and a negative value indicates a decreasing trend (Gitau, 2011). The 
absolute value of the coefficient indicates its strength, in other words larger values 
indicate stronger linear relationships (Gitau, 2011). The method of calculating the 
coefficient ρ to determine the trend is given by (Gitau, 2011): 
 

𝜌 =  −6 ∑ (
𝑑𝑖

𝑛(𝑛2−1)
)

2 
𝑛
𝑖−1         (2) 

 
Where:𝑑𝑖= the difference between each rank of corresponding values of x and y and 

𝑛= the number of data pairs. 

 

3. RESULTS AND DISCUSSION 
 
3.1  Probabilities of SPEI with reference to drought during the growing 

season 
 
Figure 2, depicts SPEI probabilities during the growing season of maize, relative to 
the three planting dates. The 10% probability of non-exceedance reflect SPEI values 
corresponding to moderate and severe drought conditions. Relative to planting in 
October, severe drought conditions were observed only at Levubu and Tshiombo, 
whereas planting in November also revealed two stations (Tshiombo and Pafuri) with 
a probability of not exceeding SPEI -1.5.  
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When considering the 20% probability level, mild to moderate drought conditions 
were reflected. It can be noted that moderate droughts were most frequent across the 
catchment following October and November planting dates, with five of the seven 
stations (Fig.2 B-F) giving a probability of not exceeding SPEI -1. This implies that 
these areas are at a risk of receiving moderate drought conditions once in five 
growing seasons. For planting in December, the risk was observed only at Pafuri.  
 
Near normal to mild drought conditions were revealed by the 50% probability of non-
exceedance level. Relative to planting in October, all stations except for 
Thohoyandou indicated a risk of mild droughts during the growing season. It can also 
be observed that at Punda Maria, Sigonde and Pafuri, mild droughts can be expected 
once in two growing seasons, irrespective of the planting date.     
 
Results indicated that the probabilities of getting mild drought conditions during the 
growing period was highest as compared to severe drought conditions. This similar 
distribution of drought events was due to the transformation of the derived SPEI 
values into standard normal variables (Edossaet al. 2014). When considering the 
10% probability, cases of severe droughts were observed at three stations (Levubu, 
Tshiombo and Pafuri) following planting in October and November.  At 20% 
probability level, 80% of the stations revealed high risk of moderate drought 
conditions following planting in October and November. While, the 50% probability 
level revealed that mild droughts were most frequent across the Luvuvhu River 
Catchment with respect to planting in October. This implies that planting in November 
to December could favor agricultural productivity as compared to October. It was also 
noted that stations located in drier areas(<600 mm of annual precipitation) were at 
risk of experiencing mild drought conditions following all planting dates. These areas, 
have been reported (Masupha et al., 2015) to receive significant rains typically later 
(December-January) as compared to the other stations, hence the variation in 
drought conditions as compared to other stations. 
 
Resulting implications could cause reduced yields, as the maize crop is sensitive to 
the occurrence of drought (Wetterhallet al., 2014). Thomas (2008) indicated that 
adaptation methods such as shifting planting dates are relatively inexpensive and 
easy to implement, therefore they should be applied in order to cope with inter-annual 
droughts in rain-fed systems. Moreover, dryland farmers can also be advised to 
change their cropping patterns and rotations, use shorter maturing crops and switch 
to crop varieties that are more tolerant to drought (Thomas, 2008). 
 
3.2  SPEI trends 
 

Spearman’s rank correlation test for each drought category are shown on Figure3. 
Results of the analysis indicate that generally there were no significant trends across 
the catchment, except for Thohoyandou showing a noticeable upward trend, with ρ 
values of 0.56, 0.49, and 0.43 for all planting dates, respectively. This implies a slight 
increase in seasonal SPEI values, meaning that the area became wetter during the 
analysis period. A similar study on simulating the characteristics of droughts in 
Southern Africa (Ujeneza, 2014), showed a slight significant downward trend, 
implying an increase in the intensity of drought over the area. However, the study was 
conducted using monthly gridded climate data for the period 1940 – 2004, which is 
longer than that used in this present study. 
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Figure 2. Cumulative distribution function of SPEI during the growing season of 

maize relative to the three planting dates for stations Levubu (A), 
Lwamondo (B), Thohoyandou (C), Tshiombo (D), Punda Maria (E), 
Sigonde (F) and Pafuri (G). 
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Figure 3. Observed SPEI trends per growing season relative to the three planting 

dates for stations Levubu (A), Lwamondo (B), Thohoyandou (C), 
Tshiombo (D), Punda Maria (E), Sigonde (F) and Pafuri (G). 
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4. CONCLUSION 
 
SPEI values at 4-month timescales were assessed to observe seasonal drought 
conditions during the maize growing period. Analysis of drought during the growing 
season were based on three planting dates and results indicated mild and moderate 
drought conditions were the most frequent in the area, with a return period of once in 
two to five growing seasons, respectively. Severe drought occurrences were also 
noted at various rainfall regions across the catchment. Furthermore, at most of the 
stations (Levubu, Lwamondo, Tshiombo, Punda Maria and Sigonde), the highest risk 
of experiencing moderate to severe drought were observed following planting in 
October. This led to a recommendation of using November-December as the optium 
planting date in these regions.Trends analysis depicted that generally there were no 
trends except for weak increasing SPEI values at Thohoyandou, implying that the 
severity of drought decreased over time in this area. 
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