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PART I – Drought in Western Cape Province – January 2018  

Authors: D. Masante, N. McCormick, J. Vogt 

 

 

 

1 Executive Summary of PART I 

 

 Western Cape Province in South Africa is going through a severe drought, 

affecting in particular the highly populated urban area of Cape Town and 

its water supply. 

 

 The current drought is the effect of a sustained below-average monthly 

rainfall series since 2015, which intensified in the last wet season (April to 

September 2017). The very exceptional nature of this event is highlighted 

by GDOs long-term indicators of precipitation anomalies (e.g. SPI-48). 

 

 Cape Town’s water supply is in critical emergency, water for any use has 

been restricted through water cuts and rationing. The day of “zero-water” 

has been established as 12 April 2018 by Cape Town water authorities1. 

Saldanha and Stellenbosch municipalities are facing a similar level of 

emergency for water supply. 

 

 Very little precipitation may be expected before April. 

 

 

                                           
1http://resource.capetown.gov.za/documentcentre/Documents/City%20research%20reports%20and%20review/damlevels.pdf 
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2 Description of the Affected Area 

 

South Africa’s Western Cape Province is located at the southernmost part of the 

continent, over an area of more than a million square kilometres. The region has a set 

of mountain ranges running parallel to the coastline, which give rise to its varied 

climatic gradients and vegetation patterns. In general, climate is a mild Mediterranean 

type on the coasts (wet winter and dry summer), shifting to semi-arid and continental 

towards the interior and past the mountains. Vegetation is mostly made of scrubland, 

here called fynbos, a very typical and fire prone vegetation type. Agriculture is a 

growing sector in the region, which hosts renowned vineyards. Western Cape includes 

one of the country’s capitals, Cape Town, also one of the main urban areas. General 

data are shown below. 

 

Western Cape2  

Population, estimate (2017) 6 510 300 

GDP per capita (current US$) (2016) 6201.88 

Population density  

(per km2 of land Area) 

45 

 

 

While much of the southern African continent has been recovering, following heavy 

summer rains, from a drought caused by El Nino, Cape Town in Western Cape is still 

gripped by its worst drought in a century, having had very low rainfall for the last 

three years. The drought is reportedly having severe impacts on the population, with 

water supplies to Cape Town’s residents due to be cut off on 12 April 2018 unless 

there is a drastic reduction in water consumption, while the water level of the 

Theewaterskloof dam (the largest in the Western Cape water supply system, holding 

41% of the water storage capacity available to Cape Town) is critically low3.  

                                           
2 https://en.wikipedia.org/wiki/Economy_of_the_Western_Cape 
3https://www.theguardian.com/world/2018/jan/24/cape-town-to-run-out-of-water-by-12-april-amid-worst-drought-in-a-

century 
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3 Likelihood of Drought Impact (LDI) 

The LDI indicates the likelihood of having impacts from a drought, by taking into 

account the exposure and socio-economic vulnerability of the area (Figure 1).   

 

Remarkably, almost none of the region is shown under risk, with a clear drop from the 

high levels of the last winter. This is because the LDI takes into consideration the 

overall precipitation in the past three months, which has been about normal during 

that time in the region. So, while LDI flags rising and short-term droughts, in this 

instance it does not highlight the long-term aspect of the drought. 

 
 

Figure 1 – Likelihood of drought impact (LDI), evolution over time in Western Cape (South Africa) 

 

4 Precipitation Analysis 

Precipitation includes total monthly of both rainfall and snow. Figure 2 shows the 

monthly precipitation pattern near Cape Town since January 2015: only one fifth of the 

months reached or exceeded the expected average, with the wettest period looking 

narrower than normal. As a result, in the past three years, the area received only 65% 

of the expected precipitation overall (Figure 3). During 2017 the figure went down to 

60% and considering the last cold season, between April and September 2017, further 

down to 55% compared to the long-term measurements. July in particular, being the 

wettest month, received barely half its normal precipitation. 

 

 

Figure 2 – Monthly total precipitation (blue bars) near Atlantis (Western Cape, South Africa, 
coordinates: N-33.57422, E18.62183). The solid line represents the long-term monthly average 

(1981-2010); the dotted lines are plus/minus one standard deviation. 
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Figure 3 - Cumulative precipitation over a period of 3 years near Atlantis (Western Cape, South 

Africa, coordinates: N-33.57422, E18.62183). The bar colors indicate the cumulative deficit (red 
gradient) or surplus (blue gradient) compared to the cumulated monthly long-term average 
(solid line), for the same time span and location. 
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5 Standardized Precipitation Index (SPI) 

 

The SPI is an index used to monitor the occurrence of meteorological drought. The 

lower the SPI, the more intense is the drought (Figure 4). Note that different 

accumulation periods are shown (3, 9, 24 and 48 months). As mentioned, precipitation 

in the last quarter of 2017 has been roughly within normal, so the 3-months SPI does 

not fall too far from normal fluctuations during the last few months, suggesting a mild 

drought at the most. However, the SPI 9-months from Figure 4 shows the serious lack 

of precipitation during late 2016 and 2017, with SPI values dropping to the threshold 

of minus three. In relation to impacts, more concerning are the long-term SPIs, which 

go past the “extreme drought” value. This entails a constant under-supply of water to 

reservoirs since at least 2015 (Table 1 and Figure 8), which explains the current crisis 

of water provisioning in Cape Town. The 24-months’ time series shows the starting 

point for the drought, with precipitation of 2015 dragging the SPI to very negative 

values. The 48-months SPI reaches the rare value of SPI minus four, a level of truly 

exceptional drought. 

 

 
Figure 4 - SPI for a cumulative period of 3, 9, 24 and 48 months near Atlantis (Western Cape, 
South Africa, coordinates: N-33.57422, E18.62183 ).  
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Figure 5 - SPI for a cumulative period of 24 months over Western Cape, December 2017. 
 

6 fAPAR and Soil Moisture Anomaly 

The fraction of Absorbed Photosynthetically Active Radiation (fAPAR) represents the 

fraction of the solar energy absorbed by leaves. fAPAR anomalies, specifically the 

negative deviations from the long term average over the same period, are a good 

indicator of drought impacts on vegetation (Figure 6). As expected from the recent 

precipitation pattern across Western Cape, vegetation greenness is affected by 

drought, showing negative anomalies in the very circumscribed region of Western 

Cape, especially around and North of the capital. 

 

  
Figure 6 – fAPAR anomaly in Western Cape (South Africa) for the period 01-01-2018 to 10-01-
2018. 

 

Concerning soil moisture, a situation of severe drought is detected from September 

2017 onwards (Figure 7), in particular on the westernmost part of the Province. 
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Figure 7 – Soil moisture anomaly in Western Cape Province in September 2017 (left) and in 
December 2017 (right). 
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7 Maps and Tables of the Western Cape Drought (various 

sources) 

 
 
Figure 8 - Location of dams in Western Cape4 
 

 
Table 1 – Current Dam Water Levels in Western Cape, 24/1/2018. Units of volume are 
megaliters (Ml). 
 

Major Dams 

Storage 

Ml 

Capacity 

% 

24/01/2018 

Berg River 130 010 54.8 

Steenbras Lower 33 517 45.1 

Steenbras Upper 31 767 86.0 

Theewaterskloof 480 188 13.9 

Voelvlei 164 095 18.5 

Wemmershoek 58 644 52.4 

Total Stored Ml 898 221 241 358 

% Storage 100.0 26.9 

 

 

                                           
4 From: https://www.westerncape.gov.za/general-publication/latest-western-cape-dam-levels 
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Figure 9: Projection of overall dam levels in Western Cape, as % of total capacity5. 

 

8 Media Coverage 

 The Guardian. 24 January 2018. “Cape Town told to cut water use or face 

losing supply by 12 April”. 

https://www.theguardian.com/world/2018/jan/24/cape-town-to-run-out-

of-water-by-12-april-amid-worst-drought-in-a-century 

 

 City of Cape Town. 22 January 2018. “Weekly Water Dashboard Report”. 

http://resource.capetown.gov.za/documentcentre/Documents/City%20res

earch%20reports%20and%20review/damlevels.pdf 

 

 GroundUp (Cape Town news agency). 22 January 2018. “How severe is the 

drought?An analysis of the latest data”. 

https://www.groundup.org.za/article/how-severe-drought-detailed-look-

data/ 

 

 Eyewitness News. 20 January 2018. “Spike in grape prices inevitable amid 

drought”. http://ewn.co.za/2018/01/20/economist-spike-in-grape-prices-

inevitable-amid-drought 

 

 BBC News. 18 January 2018. “South Africa: Cape Town slashes water use 

amid drought”. http://www.bbc.com/news/world-africa-42731084 

 

 Western Cape Government. 2018. “Latest Western Cape dam levels”. 

https://www.westerncape.gov.za/general-publication/latest-western-cape-

dam-levels 

 

                                           
5From:http://resource.capetown.gov.za/documentcentre/Documents/City%20research%20reports%20and%20review/damlevel

s.pdf 

https://www.theguardian.com/world/2018/jan/24/cape-town-to-run-out-of-water-by-12-april-amid-worst-drought-in-a-century
https://www.theguardian.com/world/2018/jan/24/cape-town-to-run-out-of-water-by-12-april-amid-worst-drought-in-a-century
https://www.groundup.org.za/article/how-severe-drought-detailed-look-data/
https://www.groundup.org.za/article/how-severe-drought-detailed-look-data/
http://ewn.co.za/2018/01/20/economist-spike-in-grape-prices-inevitable-amid-drought
http://ewn.co.za/2018/01/20/economist-spike-in-grape-prices-inevitable-amid-drought
http://www.bbc.com/news/world-africa-42731084
https://www.westerncape.gov.za/general-publication/latest-western-cape-dam-levels
https://www.westerncape.gov.za/general-publication/latest-western-cape-dam-levels
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9 Information Sources 

 Joint Research Centre (European Commission): Global Drought 

Observatory (GDO) -http://edo.jrc.ec.europa.eu/gdo/ 

 

 Global Precipitation Climatology Centre (GPCC) -

http://gpcc.dwd.de/pub/data/gpcc/PDF/GPCC_intro_products_v2011.pdf 

 

 Cape Town city Council http://www.capetown.gov.za/ 

 

  

http://gpcc.dwd.de/pub/data/gpcc/PDF/GPCC_intro_products_v2011.pdf
http://www.capetown.gov.za/
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PART II – The Water Crisis in Southern Africa: Spatio-

Temporal Analysis 

Authors: C. Carmona-Moreno, I. Ameztoy-Aramendi, E. Cordano 

 

 

This part of the report presents an analysis of the medium to long-term spatial patterns 

and temporal behaviour of climate variables (precipitation and temperature) in Southern 

Africa. It gives a regional overview of the recent water crisis in Western Cape, and 

complements the first part of this report produced by the JRC's Disaster Risk 

Management Unit and the Global Drought Observatory (GDO report), compiled for DG 

ECHO.  

The work presented in this Part II is carried out by the WEFE4DEV work package of the 

JRC's Water-Energy-Food-Ecosystems (WEFE) Project, and contributes to the online 

African Atlas on WEFE Cooperation. This atlas aims to help African policymakers in 

identifying current and future issues that impact water management, food and energy 

security in Africa. 

The report shows the 2018 water crisis in Western Cape in a temporal and regional 

context, in order to help the community (including African policymakers) better 

understand the exceptional character of these phenomena, their periodicity and whether 

these exceptional events are occurring at a regional scale. It will help policymakers to 

better define future mitigation, resilience and adaptation policies and the spatial scale at 

which these measures should be implemented. 
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1 Executive summary of Part II 

From the spatial-temporal analyses (1981 – 2017) carried out, this report shows that, in 

the Southern African region: 

 Although this current event has a very exceptional nature as highlighted by GDOs 

in Part I of this report, the periodicity of very high precipitation deficits (close to 

70-80% during the rainy season in Southern Africa!) is less than 10 years; and, 

the precipitation deficits of almost 50-70% (during the rainy season) can occur 

with a periodicity of 5 years;  

 the frequency of moderate to extreme heatwaves has been increasing during the 

past 10 years. 
 

The consequences and severity of these events in the Western Cape region have a direct 

impact on crop production and human health, particularly affecting the most vulnerable 

populations (children and the elderly). Given that the high recurrence rate of these 

phenomena in the region is likely to be exacerbated by climate change, one-off measures 

(such as the water restrictions imposed on Cape Town’s residents) should be combined 

with more structural measures in the medium to long term in order to cope with and 

mitigate the consequences on the most vulnerable populations. Some suggestions: 

• To explore the diversification of food production towards more drought-

resistant crops and varieties; 

• To invest in climate resilience and early preventative and mitigation actions 

with more appropriate infrastructures and decision support systems. 

 

2 Introduction 

 

Extreme temperature and precipitation events are important information sources for 

hazard mitigation and management. A comprehensive assessment of their spatio-

temporal frequency characteristics is the initial step in defining public policies relating to, 

for example, Water Resource Management (Oki and Kanae, 2006; Maeda et al., 2012).  

Extreme anomalies in both variables have obvious negative impacts in many socio-

economic areas, including those related to the Water-Energy-Food-Ecosystems (WEFE) 

Nexus and many of those defined under the Sustainable Development Goals (SDGs). An 

understanding of the characterisation of climate variability and associated extreme 

events can help more effectively design food security policies.  

Understanding, for example, the average frequency of a given precipitation deficit can 

occur or the magnitudes and associated trends of heatwaves is crucial to identify 

appropriate measures in the mid-long term. A recent study on heatwaves, for example, 

shows that such events are increasing number in Africa, where extreme conditions are 

affecting the vast majority of the African population (Ceccherini et al., 2017). Examples 

of water shortages are also increasingly common, as with the recent severe drought that 

is affecting the Western Cape Province in South Africa. The urban area of Cape Town is 

facing a critical emergency water supply situation due to below-average monthly rainfall 

since 2015 (GDO Analytical Report, 2018).  

In order to provide a more general overview of the latter event in Southern Africa, this 

report presents some results derived from an analysis carried out on precipitation and 

temperature extremes at a regional scale. Precipitation frequency has been characterised 

using the L-moments approach (Hosking, 1990; Hosking and Wallis, 1997) while the 

temperature extremes have been assessed by mean of the Heat Wave Magnitude Index 
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(Russo et al., 2015). Both analyses have been spatially carried out in a regional context, 

covering the following countries: Namibia, Botswana, Zimbabwe, Mozambique, 

Swaziland, Lesotho and South Africa (Figure 10). The results are provided in the form of 

spatially explicit maps. 

  

Figure 10 - Study area; Southern African countries 

 

 

3 Data and Methodology 

3.1 L-moments of Precipitation and Temperature 

L-moments statistics have been calculated to study precipitation and temperature 

characteristics in the study area. For precipitation, the Climate Hazards Group InfraRed 

Precipitation with Station Data (CHIRPS) was used at the monthly scale for 1981-2017. 

CHIRPS is a gridded 30+ year quasi global rainfall dataset with a resolution of 0.05 

degrees (Funk et al., 2014). Temperature characterisation (1979-2017) has been carried 

out using daily values derived from the ERA-INTERIM dataset for 1981-2017 (Berrisford 

et al., 2011). With a resolution of about 80 km, it is a global atmospheric reanalysis 

dataset produced by the European Centre for Medium-Range Weather Forecasts 

(ECMWF).  

The L-moments are similar to other statistical moments, but with the advantage of being 

less susceptible to the presence of outliers and performing better with smaller sample 

sizes. For a random variable X, the first four L-moments are given by the following 

equations: 

Λ1 = E[X] 

Λ2 = E[X2:2 - X1:2]/2 

Λ3 = E[X3:3 - 2X2:3 + X1:3]/3 

Λ4 = E[X4:4 - 3X3:4 + 3X2:4 – X1:4]/4 
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For convenience, the second, third and fourth L-moments are often presented as L-

moment ratios: Τ2= Λ2/ Λ1 

Τ3= Λ3/ Λ2 

Τ4= Λ4/ Λ2 

The 1st L-moment (L-mean) is identical to the conventional statistical mean. The 2nd L-

moment (L-cv) measures a variable’s dispersion or the expected difference between two 

random samples. The 3rd and 4th L-moment (L-skewness and L-kurtosis) are measures 

relating to the shape of the sample distribution. The L-skewness quantifies the 

asymmetry of the sample distribution, and the L-kurtosis measures whether the samples 

are peaked or flat relative to a normal distribution.  

3.2 Frequency Analysis of Precipitation 

Once L-moments were calculated, precipitation was characterised by the Extreme Value 

Analysis (EVA). EVA aims to represent the likelihood of receiving a specific rainfall 

amount based on a given time frame by fitting a parametric statistical distribution. 

Monthly and annual cumulated precipitation, also derived from CHIRPS, has been 

modelled using a Pearson-3 distribution function.  

From this, a number of indexes such as quantile and return period maps can be derived. 

In our case we present monthly and annual deficit maps in the form of percentages with 

respect to average precipitation levels. These maps have been calculated for 5-, 10- 20- 

and 50-year return periods.  

3.3 Heat Wave Magnitude Index daily 

According to Russo et al. (2015), the HWMId is a simple numerical indicator that takes 

both the duration and the intensity of the heatwave into account. The HWMId is defined 

as the maximum magnitude of the heatwaves in a year. Specifically, a heatwave is 

defined as a period of 3 or more consecutive days with maximum temperatures above a 

daily threshold calculated for a 30-year reference period. The threshold is defined as the 

90th percentile of daily maxima temperature, centered on a 31-day window.  

The magnitude index sums excess temperatures beyond a certain normalised threshold 

and merges durations and temperature anomalies of intense heatwave events into a 

single indicator. As well as for the L-moment analysis, the ERA-INTERIM maximum and 

minimum temperatures for the period 1981-2015 were used to conduct the analysis.  

 

For further information, the implemented methodologies are extensively described in: 

 Hosking 1990, Hosking and Wallis 1997 and Maeda et al. 2013 for L-

moments and precipitation frequency analysis; 

 Heatwave analysis in Russo et al. 2015, as well as results for the entire 

African Continent are presented in Ceccherini et al., 2017. 
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4 Results Analysis  

 

In this paragraph, the 2018 Water Crisis in Western Cape will be placed in a regional and 

temporal context.  

 

4.1 In the Regional Context  

Figure 11.a shows that the Mean Annual Precipitation for the past 37 years (1981 – 

2017) is usually below 400 mm in the western region of Southern Africa, with minimum 

values of around 150 mm and even less along the Namibian coast. These values are 

lower than those of the eastern regions of South Africa and Mozambique. These low 

values are also characterised by a strong inter-annual variability (from year to year, 

Figure 11.b). This is particularly the case in Namibia and western Botswana, but it is also 

evident in the Western Cape region (medium variability level during the year). The rainy 

season (summer season) of Southern Africa typically lasts from October to April and 

reaches maximum strength between November and March, the period in which most 

locations usually receive more than 75% of their annual precipitation. For this 

reason, the analysis and the results shown in this report have focused on these months 

for the region. Also, due to its local Mediterranean climate, rainfall in Cape Town occurs 

in the winter months of May through July. 

Figure 12 shows the variability in precipitation for the summer rainy season (November – 

March). It shows that the variability in precipitation is particularly strong in the western 

region and even stronger in the Western Cape Province during December and February. 

This strong variability therefore explains the occurrence of drought events (1981 – 

2017). Figure 3 also shows that the precipitation variability will probably slightly 

decrease (improve) after March 2018 reaching its average value according to 

the “typical temporal behaviour” (medium- to low level of variability).  

 

 

Figure 11 - Precipitation Analysis – Time series 1981-2017: a) Mean Annual Precipitation 

in millimetres (1st L-moment); b) Precipitation Variability (non-dimensional, 2nd L-

moment). 
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Figure 12 - Precipitation Analysis – Time series 1981-2017: Precipitation Variability 

during the last months of the Southern African summer season 

Figure 13.a shows the mean annual temperature in the region based on an analysis of 

the time series 1981-2017. Figure 13.b shows the temperature variability along the year 

and its spatial distribution. The variability of the temperature in the Western Cape region 

is notably high. This strong variability leads to strong fluctuations on the surface water 

evaporation in Southern African, which explains the fAPAR and soil moisture anomalies 

and therefore clarifies the anomalies reported by the GDO Analytical Report. This has 

direct consequences on, among others, water (quality and quantity), agricultural 

production and the increased need for energy for water pumping, irrigation, cooling, etc. 

 

Figure 13 - Temperature Analysis Time series 1981-2017: a) Mean Annual Temperature (ºC) b) 
Temperature Variability (non-dimensional). 
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4.2 In the Temporal Context  

PRECIPITATION  

From a policymaking perspective, it is particularly important to put the 2018 water crisis 

in Western Cape in a temporal context, as this helps understand the exceptional nature 

of these events, in a general way:  

1. Occurrences with return periods of more than 50 years suggest that one-off 

measures could be enough to mitigate the impact on populations because of their very 

exceptional nature; but,  

2. Occurrences with return periods of less than 50 years would mean that more 

structural measures should be considered to combat these recurrent phenomena. 

In the latter case, decision-makers should take into account these periods of occurrence 

in the definition of their short- and medium-term mitigation and resilience planning to 

combat climate variability. Given that frequently recurring water shortages can certainly 

have an impact on the regional socio-economy, decision-makers should plan appropriate 

infrastructures, develop specific water supply programmes, agriculture and energy 

strategies, etc., to mitigate the impacts. 

Figure 14 shows precipitation deficits (%) with respect to the annual precipitation 

average calculated for four different return periods (5, 10, 20 and 50 years). It shows 

that the southern region could be affected by rainfall deficits of 10 to 20% every five 

years on average, and that these deficits can increase up to 20 to 30% with a frequency 

of ten years average.  

 

 

 

 

 

 

 

Figure 14 - Precipitation Analysis – Time series 1981-2017: Precipitation Deficit as a % of 

the mean rainfall calculated for different Return Periods (5, 10, 20 and 50 years) - 

(Annual maps). 

Figure 15 shows the deficits during the months of the rainy summer season in Southern 

Africa when most locations receive up to 75% of their annual rainfall. Considering that 

the deficits during these months can reach up to 50-80% of the usual rainfall with a 

certain periodicity (5-10 return period) for the last 30 years, this should encourage policy 

makers to develop infrastructures or policies that mitigate the recurring effects on the 

population. 
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Figure 15 - Precipitation Analysis – Time series 1981-2017: Precipitation Deficit (%) with 

respect to the monthly mean rainfall for different Return Periods (RP 5, 10, 20 and 50 

years) - (November, December, January, February, March) 

A deficit of 50-70% of monthly precipitation during the rainy season occurs on 

average every 5 years in December and February. A precipitation deficit of 70-

80% occurs every 10 years on average in the Western Cape.  

The products presented in this report can help decision-makers build infrastructures to 

support and/or mitigate these large deficits of precipitation (to ensure water supply and 
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sanitation), and also to decide whether a development project (agricultural, water 

supply, energy structure) should be allowed to proceed in the risk area, or on the design 

of infrastructure to mitigate an event with a certain return period. 

 

TEMPERATURE  

As stated in the methodology section, the HWMId is 

a simple numerical indicator that takes both the 

duration and the intensity of the heatwave into 

account. This index can be also classified into 

different categories (Table 2), from normal to 

moderate, severe and extreme temperature 

conditions. Figure 16 shows the year-by-year 

conditions between 1981 and 2017, highlighting, for 

example, the occurrence of some severe to very 

extreme heatwaves in 2008, 2011, 2015, 2016 and 

2017. All in all, it shows an increasing number of 

moderate to extreme events in the past 10 

years. This is in line with the conclusion also 

reported in Ceccherini et al., 2017.  

 

 

Figure 16 - Temperature Analysis – Time series 1981-2017: Yearly Heat Wave Magnitude 

Index between 1981 and 2017 

Figure 17 shows the number of years since 1981 that had HWMI values greater than 4 

or, in other words, events that fall into extreme to ultra-extreme categories. Most such 

events can be detected on the borders of Botswana, Zimbabwe, Zambia and Angola, 

where more than 10 extreme events occurred in the past 36 years.  

 

  

 
Table 2 Classification of heatwaves (i.e. 

HWMI) scale categories 



23 

 

Figure 17 - Temperature Analysis – Time series 1981-2017: Number of years in the 

period 1981-2017 exceeding HWMI values of 4. 

Children and the elderly are the most vulnerable to heatwaves because of the great 

impact on health. In Southern Africa, this impact is strongly related to malnutrition, clean 

water, access to water and sanitation (WASH). 
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5 2018 – Water Crisis in Southern Africa – Conclusions 

 

The temporal analyses (time series 1981-2017) presented in this technical report show 

that a deficit of 50-70% of monthly precipitation during the rainy season can 

systematically occurs every 5 years in December and February. Deficits of 70-80% occur 

every 10 years in the Western Cape. The number of moderate to extreme heatwave 

events has been increasing over the past 10 years. These events have a clear impact on 

population health and on the regional socio-economic activities (agriculture, water supply 

and energy production). 

The analyses show that exceptional precipitation deficits (of 5- and 10-year return 

periods) and extreme temperature events (heatwaves) occur frequently in Southern 

Africa in general, and particularly in the Western Cape. The recurrence of these events 

should be taken into consideration by policy- and decision-makers when defining 

medium- to long-term mitigation and resilience measures and the definition of strategic 

development plans. This is particularly important given that the metropolitan area of 

Cape Town currently has 4 million inhabitants, to which it is expected to add another 

200 000 people (5%) in the next five years. Punctual measures such as strict water 

restrictions on its residents put by Cape Town (The Washington Post, 8 Feb 2018) should 

be combined with more structural medium- to long-term measures to fight against the 

recurrent events that will only be exacerbated by climate change. In this way the 

scientific suggestions are: 

 

 To explore the diversification of food production towards more drought-

resistant crops and varieties; 

 

 To invest in climate resilience and early actions with more appropriate 

infrastructures and information systems. 

 

The products presented in this technical report can help policymakers (particularly those 

in the Western Cape) make decisions regarding the building of infrastructures to support 

the large deficits in precipitation (to ensure water supply and sanitation, and mitigate the 

impact on agriculture and energy), and to decide whether a development project 

(agricultural, water supply, energy structure) should be allowed to proceed in the risk 

area or on the design of an infrastructure designed to mitigate an event with a certain 

return period. 

 



25 

References 

Berrisford, P., Dee, D. P., Poli, P., Brugge, R., Fielding, K., Fuentes, M., Kållberg, P. W., 

Kobayashi, S., Uppala, S., Simmons, A. (2011). The ERA-Interim archive Version 2.0, 

ECMWF, Shinfield Park, Reading. 

Ceccherini, G., Russo, S., Ameztoy, I., Marchese, A. F., and Carmona-Moreno, C. (2017): 

Heat waves in Africa 1981–2015, observations and reanalysis, Nat. Hazards Earth Syst. 

Sci., 17, 115-125, https://doi.org/10.5194/nhess-17-115-2017,. 

CHIRP. Available online: http://chg.geog.ucsb.edu/data/chirps/ (accessed on February 

2018). 

Dee, D. P., Uppala, S. M., Simmons, A. J., Berrisford, P., Poli,P., Kobayashi, S., Andrae, 

U., Balmaseda, M. A., alsamo, G.,Bauer, P., Bechtold, P., Beljaars, A. C. M., van de Berg, 

L., Bidlot,J., Bormann, N., Delsol, C., Dragani, R., Fuentes, M., Geer,A. J., Haimberger, 

L., Healy, S. B., Hersbach, H., Hólm, E. V.,Isaksen, L., Kållberg, P., Köhler, M., 

Matricardi, M., McNally,A. P., Monge-Sanz, B. M., Morcrette, J.-J., Park, B.-K., Peubey,C., 

de Rosnay, P., Tavolato, C., Thépaut, J.-N., and Vitart, F.: The ERA-Interim reanalysis: 

configuration and performance of the data assimilation system, Q. J. Roy. Meteorol. Soc., 

137, 553–597, doi:10.1002/qj.828, 2011. 

Emanuele Cordano, Iban Ameztoy, Cesar Carmona (2017). RasterList: A Raster Where 

Cells are Generic Objects. R Package version 0.5.8. https://CRAN.R-

project.org/package=rasterList 

ERA-INTERIM. Available online: http://apps.ecmwf.int/datasets/data/interim-full-

daily/levtype=sfc/ (accessed on February 2018). 

Funk, Chris, Pete Peterson, Martin Landsfeld, Diego Pedreros, James Verdin, 

Shraddhanand Shukla, Gregory Husak, James Rowland, Laura Harrison, Andrew Hoell & 

Joel Michaelsen. 

"The climate hazards infrared precipitation with stations—a new environmental record for 

monitoring extremes". Scientific Data 2, 150066. doi:10.1038/sdata.2015.66 2015. 

Global Drought Observatory (GDO), Joint Research Centre and ERCC Analytical Team. 

Drought in Western Cape Province – January 2018. GDO Analytical Report. Online: 

http://edo.jrc.ec.europa.eu/documents/news/GDODroughtNews201801_South_Africa.pdf  

Hosking, J.R.M and Wallis, J.R. (1997) Regional Frequency Analysis: An Approach Based 

on L-moments. Cambridge University Press, 

UK. http://dx.doi.org/10.1017/cbo9780511529443 

Maeda, E. E., Arevalo Torres, J. and Carmona-Moreno, C. (2013), Characterisation of 

global precipitation frequency through the L-moments approach. Area, 45: 98–108. 

doi:10.1111/j.1475-4762.2012.01127.x 

Oki T and Kanae S 2006 Global hydrological cycles and world water 

resources Science 313 1068–1072 

Russo, S., Sillmann, J., and Fischer, E. M.: Top ten European heatwaves since 1950 and 

their occurrence in the coming decades, Environ. Res. Lett., 10, 124003, 

doi:10.1088/1748- 9326/10/12/124003, 2015 

The Washington Post, 8 Feb 2018 - 

https://www.washingtonpost.com/graphics/2018/world/capetown-water-

shortage/?utm_term=.c516f9b4726a 

 

https://doi.org/10.5194/nhess-17-115-2017
http://chg.geog.ucsb.edu/data/chirps/
https://cran.r-project.org/package=rasterList
https://cran.r-project.org/package=rasterList
http://apps.ecmwf.int/datasets/data/interim-full-daily/levtype=sfc/
http://apps.ecmwf.int/datasets/data/interim-full-daily/levtype=sfc/
http://www.nature.com/articles/sdata201566
http://www.nature.com/articles/sdata201566
http://edo.jrc.ec.europa.eu/documents/news/GDODroughtNews201801_South_Africa.pdf


26 

List of abbreviations and definitions 

 

CHIRPS   Climate Hazards Group InfraRed Precipitation with Station Data 

DG   Directorate General 

DEVCO   International Cooperation and Development 

EC   European Commission 

ECMWF   European Centre for Medium-Range Weather Forecast 

ECHO   European Civil Protection and Humanitarian Aid Operations 

GDO   Global Drought Observatory 

HWMId   Heat Wave Magnitude Index daily 

JRC   Joint Research Centre  

RP   Return Period 

SDG   Sustainable Development Goals 

WEFE   Water-Energy-Food-Ecosystems 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



27 

List of figures 

Figure 10 Study area; Southern African countries .....................................................16 

Figure 11 Precipitation Analysis – Time series 1981-2017: a) Mean Annual Precipitation in 

millimetres (1st L-moment); b) Precipitation Variability (non-dimensional, 2nd L-moment).

 ..........................................................................................................................18 

Figure 12 Precipitation Analysis – Time series 1981-2017: Precipitation Variability during 

the last months of the Southern African summer season ...........................................19 

Figure 13 Temperature Analysis Time series 1981-2017: a) Mean Annual Temperature 

(ºC) b) Temperature Variability (non-dimensional). ..................................................19 

Figure 14 Precipitation Analysis – Time series 1981-2017: Precipitation Deficit as a % of 

the mean rainfall calculated for different Return Periods (5, 10, 20 and 50 years) - 

(Annual maps). ....................................................................................................20 

Figure 15 Precipitation Analysis – Time series 1981-2017: Precipitation Deficit (%) with 

respect to the monthly mean rainfall for different Return Periods (RP 5, 10, 20 and 50 

years) - (November, December, January, February, March) .......................................21 

Figure 16 Temperature Analysis – Time series 1981-2017:  Yearly Heat Wave Magnitude 

Index between 1981 and 2017 ...............................................................................22 

Figure 17 Temperature Analysis – Time series 1981-2017: Number of years in the period 

1981-2017 exceeding HWMI values of 4. .................................................................23 

 

List of tables 

Table 2 Classification of heatwaves (i.e. HWMI) scale categories ................................22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

file:///D:/Projects/2.-%20Parallel%20Work/HW_LMom_SouthAfrica_09022018/Document/TechRep_format/Water%20Crisis%20in%20Southern%20Africa-gm_IA.docx%23_Toc507682807


28 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Disclaimer and Legal Notice: This report by the Joint Research Centre (JRC) is a 

product under constant development and may change at any time without notice. The 

views expressed here may not in any circumstances be regarded as stating an official 

position of the European Commission (EC). National borders are purely a graphical 

representation, only intended to be indicative, and do not reflect the official EC position. 

Neither the EC nor any person acting on behalf of the Commission is responsible for the 

use that might be made of this publication. 

 



 

 

  

GETTING IN TOUCH WITH THE EU 

In person 

All over the European Union there are hundreds of Europe Direct information centres. You can find the 
address of the centre nearest you at: http://europea.eu/contact 

On the phone or by email 

Europe Direct is a service that answers your questions about the European Union. You can contact this 
service: 

- by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls), 

- at the following standard number: +32 22999696, or 

- by electronic mail via: http://europa.eu/contact 

FINDING INFORMATION ABOUT THE EU 

Online 

Information about the European Union in all the official languages of the EU is available on the Europa 
website at: http://europa.eu 

EU publications 
You can download or order free and priced EU publications from EU Bookshop at: 

http://bookshop.europa.eu. Multiple copies of free publications may be obtained by contacting Europe 

Direct or your local information centre (see http://europa.eu/contact). 

http://europea.eu/contact
http://europa.eu/contact
http://europa.eu/
http://bookshop.europa.eu/
http://europa.eu/contact


 

 
doi:10.2760/81873 

ISBN 978-92-79-85851-2 

K
J-0

4
-1

8
-4

7
5
-E

N
-N

 


