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ABSTRACT
One method to inform decisions with respect to sustainable, efficient and equitable water allocation and use is water footprint 
assessment (WFA). This paper presents a preliminary WFA of South Africa (SA) based on data for the period 1996–2005. Crop 
production was found to contribute about 75% of the total water footprint of national production. The total water footprint of 
crop production is mainly composed of five crops: maize, fodder crops, sugarcane, wheat and sunflower seed, which account 
for 83% of the crop water footprint. The average water footprint of a South African consumer is 1 255 m3/yr, below the world 
average of 1 385 m3/yr, and is dominated by the consumption of meat (32%) and cereals (29%). About one fifth of this water 
footprint of consumption is external to SA. While SA is a net virtual water importer, the virtual water trade analysis revealed 
that a large share of blue water consumption is related to export. Sustainability concerns are that the major river basins face 
severe blue-water scarcity for extended periods of the year, and that water pollution levels related to nitrogen and phosphorus 
were found to be unsustainable in all river basins in SA. Efficient allocation and use of water is investigated by means of 
comparing the consumptive water footprint to global benchmark values, as well as the economic green- and blue-water 
productivity and the economic land productivity of the crops cultivated in SA. Furthermore, crops with specific potential for 
biofuel production are assessed. Lastly, recommendations to address the identified issues are given.
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INTRODUCTION

Under the Apartheid system, access to water was based largely 
on riparian rights, and thus linked to land ownership. Since 
Black South Africans could not own land, except in specially 
designated ‘homeland’ areas, this system favoured white 
commercial farmers, who had the right to use water to which 
they had access (Dollar et al., 2010; Kemerink et al., 2011). The 
National Water Act (NWA, No. 36 of 1998) (RSA, 1998) took 
a radically different approach. It recognised that water has the 
potential for being ‘a powerful tool for restructuring society’ 
(Dollar et al., 2010) and required that its allocation be used 
to help address the injustices of the past, and to combat rural 
poverty and underdevelopment (Molobela and Sinha, 2011). In 
this model, central government acts as a trustee, but most water 
allocation decisions are to be made at provincial and catchment 
levels, using a system of participatory, integrated water resource 
management. Equitable distribution, along with sustainability 
and efficiency, are the principles of the NWA. Although pay-
ment for ecosystem services is still a contentious issue in South 
Africa (SA), the NWA includes this important issue and is one 
of the few water acts that requires that an ‘ecological Reserve’ 
be set aside, i.e., the minimum flow level needed to ensure 
ecosystem health. Despite the good intentions of the NWA, the 
respective water allocation and management institutions need 
to be supported with information regarding optimum manage-
ment strategies in order to put these plans successfully into 
practice. 

Furthermore, on 15 January 2014, the Department of 
Energy released the long-awaited position paper on the South 
African Biofuels Regulatory Framework. It announced that, by 

1 October 2015, it will be mandatory for 2% of all liquid fuels 
in SA to be supplied by biofuels, estimated to be 393 million ℓ/
yr of bio-ethanol and 970 million ℓ/yr of biodiesel (SA Biofuels 
Regulatory Framework, 2014). While the Framework does take 
into account the implications of the policy for water use, trade-
offs between the water use and yield per hectare of different 
feedstock crops are not explicitly considered. Hence there is an 
urgent need to provide such information in order to support 
decision makers. 

A recent paper by Siebrits et al. (2014) identified prior-
ity water research areas in SA. Among the most important 
research questions that emerged from this work were ‘allocative 
efficiency’ and ‘sustainable development’. In light of the issues 
regarding the implementation of the NWA and biofuel devel-
opment in SA, plus the priority research areas identified by 
Siebrits et al., we present here a first water footprint assessment 
(WFA) for South Africa. This paper seeks to demonstrate how 
WFA can be used to support the addressing of environmental 
sustainability and economic efficiency concerns of water alloca-
tion and use in the South African context, thereby informing 
water management and policy making to identify appropriate 
strategies and to set sustainability targets. 

METHOD

The analysis was carried out according to the methodology set 
out in the Water Footprint Assessment Manual (Hoekstra et 
al., 2011). The water footprint (WF) is a measure of a human’s 
appropriation of freshwater resources, considering both direct 
and indirect water use (Hoekstra et al., 2011). It is a multidi-
mensional indicator, showing water consumption volumes 
(evaporated or incorporated into a product) by source and 
polluted volumes by type of pollution, whereby all components 
of a total water footprint are specified geographically and 
temporally. The water footprint is generally expressed in terms 
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of water volume per unit of time or water volume per unit of 
product. Depending on the goals and scope of the analysis it 
can also be expressed as volume per monetary unit, per number 
of jobs, or per nutritional value, among others.

The water footprint is composed of three colours: green, 
blue and grey (Hoekstra et al. 2011). The green process water 
footprint is the volume of green water (rainwater) consumed 
during the production process of a good. It is the total rain-
water evapotranspiration plus the water incorporated in the 
product. The blue-water footprint refers to consumption of 
blue-water resources (surface- and groundwater). The blue-
water footprint of a process is defined as the sum of blue-water 
evapotranspiration, blue water incorporated into a product and 
lost return flow (water not returning to the same catchment 
area or water that is not returned in the same time period). It 
should be noted that consumptive use of blue water is gener-
ally smaller than water withdrawal, because water withdraw-
als partly return to the catchment. The blue-water footprint 
is hence the ‘net water withdrawal’. The grey-water footprint 
of a product, or production phase of a good, is an indicator of 
the degree of freshwater pollution that can be associated with 
production. It is the volume of freshwater that is required to 
assimilate the load of pollutants based on existing ambient 
water quality standards (Hoekstra et al., 2011). The grey-water 
footprint is determined by dividing the pollutant load by the 
difference between the maximum acceptable concentration for 
that pollutant and its natural concentration in the receiving 
water body.

Water footprint assessment (WFA) is a method to quan-
tify water use, assess its sustainability and prioritise where to 
reduce a particular water footprint and at the same time make 
it more sustainable, efficient and equitable. The water footprint 
concept is rooted in the recognition that human impacts on 
freshwater systems can ultimately be linked to human con-
sumption, and that water shortages and water pollution can 
be better understood and addressed by considering produc-
tion and supply chains as a whole (Hoekstra et al., 2011). WFA 
comprises (i) setting goals and scope; (ii) quantification and 
location of the water footprint of a process, product, producer 
or consumer, or quantification in space and time of the water 
footprint in a specified geographic area; (iii) assessment of 
the environmental, social and economic sustainability of this 
water footprint; and (iv) formulation of a response strategy. 
As Hastings and Pegram (2012) and Vanham and Bidoglio 
(2013) point out, determining and assessing water footprints, 
in particular for river basins, is challenging in terms of data 
requirements, and the method still needs to be refined further, 
particularly with respect to grey-water footprint accounting 
(recent advances are shown by Franke et al. (2013)), and in 
terms of social and economic sustainability assessment. 

The goals and scope (Phase 1) of the water footprint assess-
ment carried out here are a coarse resolution WFA for South 
Africa as a whole, to identify priority products, hotspot regions, 
and related sustainability issues, and to provide recommenda-
tions on options to improve the current situation. In Phase 2, 
the accounting phase, the water footprint of production, the 
virtual water trade, and the water footprint of consumption 
are determined. We strive to provide a rather comprehensive 
evaluation by including various environmental and economic 
aspects in the sustainability assessment (Phase 3) presented 
here. Two aspects of environmental sustainability are consid-
ered. We compared – per catchment – the blue-water footprint 
to blue-water availability, i.e., the blue-water scarcity (Hoekstra 
et al., 2012) and the nitrogen- and phosphorus-related 

grey-water footprints to available assimilation capacity, i.e., the 
water pollution level (Liu et al., 2012). Furthermore, we consider 
economic sustainability through assessment of water use effi-
ciency in the region, which was analysed by means of economic 
green- and blue-water productivities of crops, calculated by 
dividing the producer price (US$/t) by the water footprint of the 
product (m3/t). The economic land productivity was determined 
as the product of yield (t/ha) and producer price (US$/t). A simi-
lar analysis is conducted for potential biofuel feedstocks. Lastly, 
the consumptive (green + blue) water footprints of crop produc-
tion were compared to global benchmark values to identify the 
potential for water footprint reduction per crop. Based on the 
results obtained in Phases 2 and 3, in the response formula-
tion phase (Phase 4) potential measures are discussed; however, 
detailed follow-up analyses with high-resolution data should be 
carried out to determine the most effective strategies for spe-
cific local situations. In addition the potential for incorporating 
results from such an assessment in policy decisions is discussed.

DATA

The underlying water footprint data for crop production in 
SA that were utilized in this study stem from Mekonnen and 
Hoekstra (2010a), who estimated the global water footprint of 
crop production for the time period 1996–2005 with a crop 
water-use model at a 5 by 5 arc minute spatial resolution. The 
water footprints of grazing and animal water supply were 
obtained from Mekonnen and Hoekstra (2010b). The virtual 
water import and export data related to trade of agricultural 
and industrial products are from Mekonnen and Hoekstra 
(2011). Data on blue-water scarcity were obtained from 
Hoekstra et al. (2012) and the water pollution level data stem 
from Liu et al. (2012). Data on yield and producer price per crop 
were obtained from FAOSTAT (FAO, 2014). Furthermore, the 
consumptive water footprint benchmarks for crop production 
of Mekonnen and Hoekstra (2013) were employed. 

WATER FOOTPRINT ACCOUNTING FOR SOUTH AFRICA

To date there have been a limited number of detailed water 
footprint studies undertaken in SA. For example, SABMiller, 
together with WWF-UK, investigated the water footprints 
of crops for beer production, such as barley in the Northern 
Cape Province and maize in the North West Province 
(SABMiller and WWF-UK, 2009). Preliminary investigations 
have also been carried out by the Breede-Gouritz Catchment 
Management Agency (formerly Breede-Overberg Catchment 
Management Agency), and specifically for one catchment, 
the Breede-Overberg (BOCMA, 2011). This paper presents a 
first WFA of SA as a whole, based on data for the time period 
1996–2005. 

Water footprint of production

The total water footprint (green, blue and grey) of national pro-
duction for the period 1996–2005 in SA was 58 853 million m3/
yr (Mekonnen and Hoekstra, 2011), which is 0.6% of the total 
global water footprint of production. The green-water footprint 
has the largest share (78.0%), followed by blue (12.1%) and grey 
(9.9%). The total water footprint of national production consists 
of crop production (75.7%), grazing (18.5%), domestic water 
supply (4.7%), industrial activities (0.6%) and livestock produc-
tion (drinking and service water) (0.5%) (see Table 1).
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The green-water footprint of crop production is dominated 
by 5 crops. Maize contributes almost 46% to the total green-
water footprint, followed by fodder crops with a share of some 
23%, sugarcane with 7%, and wheat and sunflower seed, both 
contributing about 6%. In the case of the blue-water footprint 7 
crops – fodder crops (38%), sugarcane (9%), wheat (8%), maize 
(5%), cotton (5%), grapes (4%) and oranges (3%) – have a share 
of 3% or more. The grey-water footprint in crop production is 

also largely due to 7 crops: maize (41%), fodder crops (18%), 
sugarcane (9%), wheat (7%), dry beans (4%), potatoes (4%) and 
sunflower seed (3%). The top 20 crops in terms of total water foot-
print of production shown in Fig. 1 account for 97% of the green-, 
87% of the blue- and 91% of the grey-water footprint. The total 
(green, blue and grey) water footprint of crop production is domi-
nated by maize, fodder crops, sugarcane, wheat and sunflower 
seeds, which together account for 83% of the water footprint.

Figure 1
Green (top), blue (centre) and grey (bottom) water footprint (percentage of total) of crop production in SA (average for 1996–2005) (own elaboration 

based on Mekonnen and Hoekstra, 2010a)
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The spatial distributions of the green, blue, grey and total water 
footprints of national production in SA are shown in Fig. 2. 
The largest total-water footprints of production are located in 
regions of the Limpopo, North West, Mpumalanga, Gauteng 
and Free State Provinces, and in coastal regions of KwaZulu-
Natal as well as in coastal regions of the Western Cape. 

Virtual water trade

The total virtual water import to SA in the period 1996–2005 
was 13 350 million m3/yr. About 86% of the virtual water 
imports relate to imported crops and crop products, 7% to 
imported industrial products and 7% to imported animal 

products (Table 2). The total virtual water export from SA in 
the period 1996–2005 was 11 991 million m3/yr. Since virtual 
water imports were larger than virtual water exports, SA is a 
net virtual water importer. The virtual water export is domi-
nated by export of crop products (78%), followed by animal 
products (18%) and industrial products (4%).

Table 3 provides a summary of the total virtual water flows 
of SA. For both import and export, the green component of 
the water footprint has the largest share, whereas the imported 
grey-water footprint component is larger than the grey-water 
footprint for export. A relatively large volume of blue water, 
3 372 million m3, is related to export, while 976 million m3 are 
imported.

Figure 2
Average green (top left), blue (top right), grey (bottom left) and total (bottom right) water footprint of production in SA for the time period 1996–2005 

(own elaboration based on Mekonnen and Hoekstra, 2011)

Table 1
The water footprint of national production in SA for the time period 1996–2005 (average values) (million m3/yr) (Source: 

Mekonnen and Hoekstra, 2011)

WF of crop production WF of 
grazing

WF of 
animal 
water 

supply

WF of industrial 
production

WF of domestic 
water supply

Total water footprint

Green Blue Grey Green Blue Blue Grey Blue Grey Green Blue Grey

35 027 6 412 3 126 10 901 282 38 309 390 2 368 45 927 7 123 5 803

Table 2
Virtual-water flows related to trade in crop, animal and industrial products in million m3/yr, averaged for 1996–2005 

(Source: Mekonnen and Hoekstra, 2011)

Related to crop products Related to animal products Related to industrial 
products

Green Blue Grey Green Blue Grey Blue Grey

Import 9 844 831 764 863 64 21 81 882

Export 5 598 3 194 538 – 975 130 24 48 485
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Table 4
The average water footprint of national consumption in SA for the period 1996–2005 (million m3/yr) (Source: Mekonnen and 

Hoekstra, 2011)

Water footprint of consumption of agricultural products Water footprint of consumption of 
industrial products

Water footprint 
of domestic water 

supplyInternal External Internal External

Green Blue Grey Green Blue Grey Blue Grey Blue Grey Blue Grey

35 552 3 466 2 253 10 867 484 566 23 183 48 523 390 2 368

Table 5
The internal and external water footprint of South African consumption (million m3/yr) (average values for 1996–2005) 

(Source: Mekonnen and Hoekstra, 2011)

Internal External Total Ratio external/total 
WF (%)Green Blue Grey Green Blue Grey Green Blue Grey

35 552 3 879 4 805 10 867 532 1 089 46 419 4 411 5 894 22

Table 3
Total virtual water flows (million m3/yr) averaged for 1996–2005 (Source: Mekonnen and Hoekstra, 2011)

Import Export Net virtual water import

Green Blue Grey Green Blue Grey Green Blue Grey

10 707 976 1 667 7 574 3 372 1 046 3 133 –2 396 622

Water footprint of consumption

The water footprint of a consumer in SA in the period 1996–
2005 (average total population 1996–2005: 45 184 000) was, on 
average, 1 255 m3/yr (Table 5). This is below the world average, 
which is 1 385 m3/yr (Hoekstra and Mekonnen, 2012).

The total water footprint of consumption in SA is 56.7 bil-
lion m3/yr over the period 1996–2005. The largest water foot-
print component is the green water, with 82% of the total water 
footprint of consumption. The blue- and grey-water footprints 
of national consumption are 8% and 10% of the total. The larg-
est fraction (93.8%) of the total water footprint of South African 
consumers relates to the consumption of agricultural products. 
The consumption of industrial products and domestic water 
supply contribute 1.4% and 4.8% to the total water footprint of 
consumption, respectively (Table 4). 

The internal water footprint of South African consump-
tion is mainly due to the consumption of agricultural products, 
followed by domestic water supply and industrial products. The 
external water footprint is largely due to the import of agri-
cultural products for domestic consumption and, to a smaller 
extent, due to the import of industrial products. It is interesting 
to note that the ratio of external to total water footprint of con-
sumption is higher for industrial products (74%) than for agricul-
tural products (22%). However, this not surprising, as SA imports 
the majority of its capital equipment and this practice has been 
growing at a faster rate than commodity imports (Edwards and 
Lawrence, 2006). For the agricultural sector, the ratio of the 
external to the total water footprint is significantly higher for 
the green-water footprint (20%) than for the blue (1%) or the 
grey-water footprint (1%). For the industrial sector, the external 
blue-water footprint to total industrial water footprint ratio is 
6%, whereas this figure for the grey component is 67%.

About 78% of the water footprint of South African national 
consumption is internal and 22% is external (Table 5). Hence 
about one fifth of the water resources consumed or polluted 
to make all products consumed by South African citizens are 
located outside of the country (see Figs 3 and 4).

Figure 3 shows the geographic distribution of the green-, 
blue- and grey-water footprint of consumption by South 
African citizens. Please note that values less than 0.01 mm/
yr have been excluded in order to provide a clearer picture of 
the most important regions regarding the water footprint of 
consumption.

Figure 4 shows the geographic distribution of the total 
water footprint (combined green, blue and grey) of consump-
tion by the population of SA and provides an enlarged view of 
the provinces of SA.

The two largest shares of the total water footprint of South 
African consumption are meat with 32%, followed by cere-
als with 29% (Fig. 5). Vegetable oils (6%), milk and domestic 
water supply (each 5%) are other large contributors. Sugar and 
sweeteners, and offal, contribute 4% and 3%, respectively. Eggs, 
fruits, wine and beer, fibres and rubber each have a 2% share in 
the total water footprint of consumption.

WATER FOOTPRINT SUSTAINABILITY ASSESSMENT

Environmental sustainability

Blue-water scarcity

Blue-water scarcity in a river basin in a certain period is defined 
here according to Hoekstra et al. (2011) as the ratio of the total 
blue-water footprint in the river basin to the blue-water avail-
ability in the basin, thereby accounting for environmental 
flow requirements (EFR). The presumptive EFR standard used 
here suggests that 80% of the natural runoff is allocated as 
an environmental flow requirement. The remaining 20% can 
be considered as blue water available for human use without 
affecting the integrity of the water-dependent ecosystems 
(Richter et al., 2012). If the environmental flow requirement (or 
ecological Reserve, as titled in the NWA) is known from local 
studies for a certain river basin – e.g., as part of the catchment 
management strategy – then those data should replace the pre-
cautionary approach used here. It must also be mentioned that 
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Figure 3
Water footprint of consumption (top to bottom: green-, blue- and grey-water footprint) by the population of SA for the period 1996–2005 (own 

elaboration based on Mekonnen and Hoekstra, 2011)
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Figure 3 
Water footprint of consumption (top to bottom: green-, blue- and grey-water footprint) by the 
population of SA for the period 1996–2005 (own elaboration based on Mekonnen and Hoekstra, 2011) 
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the Government may choose to allow more than 20% of natural 
runoff to be appropriated for other purposes, thereby accepting 
potential adverse ecological consequences.

Blue-water scarcity values have been classified, according 
to Hoekstra et al. (2012), into 4 levels of water scarcity: low 
(< 1, i.e. the blue-water footprint divided by the blue-water 

availability is less than 1; blue-water footprint is less than 20% 
of natural runoff; EFR not violated), moderate (1–1.5; blue-
water footprint is between 20% and 30% of natural runoff; EFR 
violated), significant (1.5–2; blue-water footprint is between 
30% and 40% of natural runoff; EFR violated) and severe (> 2; 
blue-water footprint is larger than 40% of natural runoff; EFR 

Figure 4
Total water footprint of consumption by the population of SA for 

the period 1996–2005. The provinces of SA are shown in detail (own 
elaboration based on Mekonnen and Hoekstra, 2011).

Figure 5
The total water footprint of South African consumption per capita, 

shown by commodity (average values for 1995–2006) (own elaboration 
based on Mekonnen and Hoekstra, 2011)

Table 6
Major river basins in SA, their respective population, number of months that a basin faces moderate, significant or severe 

blue-water scarcity, and products with a significant contribution to WFblue in the basin (own elaboration based on 
Hoekstra et al., 2012 and Mekonnen and Hoekstra, 2010a)

River basin Population Number of months per year that a basin 
faces moderate, significant or severe 

blue-water scarcity

Products with a significant contribution (≥ 3%) to 
WFblue in the basin

Moderate Significant Severe (% contribution)

Limpopo 15 637 400 2 0 5 Fodder crops - 31%, sugarcane - 11%, seed cotton - 11%, 
wheat - 6%, domestic - 5%, maize - 4%, bananas - 3%

Orange 12 665 700 2 1 3 Fodder crops - 36%, wheat -11%, maize - 8%, sugarcane - 
7%, domestic - 5%, potatoes - 3%, grapes - 3%

Incomati 2 416 140 1 0 3 Sugarcane - 33%, fodder crops - 28%, maize - 5%, domes-
tic - 5%, seed cotton -4%, apples - 4%, bananas - 3%

Maputo 1 264 770 1 0 3 Sugarcane - 81%, fodder crops - 6%, domestic - 4%

Tugela 1 784 420 2 0 3 Fodder crops-28%, maize -16%, grapes - 12%, sugarcane - 
6%, apple - 5%, wheat - 4%, bananas - 4%, domestic - 4%, 
pears - 3%

Great Fish 299 461 0 0 12 Fodder crops - 49%, sugarcane - 10%, apples - 6%, 
bananas - 5%, maize -3%, pears - 3%

Doring 167 084 0 1 7 Fodder crops - 48%, wheat - 11%, sugarcane - 11%, grapes 
- 11%, potatoes - 3%

Gamka 278 648 2 1 2 Fodder crops - 62%, sugarcane - 10%, grapes - 7%, wheat 
- 6%

Great Kei 873 587 0 1 11 Fodder crops - 53%, domestic - 10%, sugarcane -9%, 
apples - 4%, bananas -3%

 

5 
 

 
 
 
Figure 5 
The total water footprint of South African consumption per capita, shown by commodity (m3/yr per 
capita) (average values for 1995–2006) (own elaboration based on Mekonnen and Hoekstra, 2011) 
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violated). Table 6 summarizes the results of the analysis of the 
water-scarcity indicator and the related products with a significant 
contribution to the blue-water footprint in the respective basin. 

All river basins are facing severe blue-water scarcity for at 
least 2 months (Gamka), and for up to 12 months (Great Fish), 
a year; i.e., at this time the water footprint is two or more times 
the blue-water availability. Furthermore, several basins experi-
ence moderate and significant blue-water scarcity in additional 
months of the year. While there are differences with respect to 
the most significant crops in the individual river basins, it can 
be seen that, overall, a few crops play the most significant role, 
in addition to domestic water consumption. 

It must be noted that the blue-water scarcity indicator 
used here does not account for inter-basin transfer schemes. 
Hence, the blue-water scarcity in the Great Fish River basin 
does not take into consideration the Orange River Project, 
which transfers water from the Orange River to the Great Fish 
River through a series of tunnels and canals. The scheme has a 
maximum transfer rate of 54 m3/s. The water is also transferred 
from the Great Fish River to the Sundays River. One of the 
main aims of the Orange River Project was to vitalise the fertile 
but water-scarce Great Fish River and Sundays River valleys. 
The area of land scheduled to be brought under irrigation in the 
project was 76 000 ha. The actual area under irrigation is about 

55 000 ha, which is a substantial increase from the original 
13 000 ha. Yet it should also be mentioned that the enlarged 
irrigation area has increased the level of leaching of fertilizers 
into the Fish River. 

Water pollution

Anthropogenic pollution due to nitrogen (N) and phosphorus 
(P) in SA has been investigated using the ‘water pollution level’ 
(WPL) as defined by Hoekstra et al. (2011). WPL is the ratio of 
the total grey-water footprint in an area (typically a watershed, 
or a catchment or a river basin) to the actual run-off of the 
watershed under study. For WPL values exceeding 1.0, ambient 
water quality standards are violated. From Fig. 6, it can be seen 
that in all river basins considered the WPL for N is higher than 
1.0 (for the study year 2000). Particularly high N-related WPL 
levels are found in the Limpopo basin and in basins along the 
coast. The situation has been found to be similar for pollution 
due to phosphorus (Fig. 6).

Water pollution may aggravate water scarcity, since the pol-
luted water may pose a health risk, reduce water productivity 
in crop production, and become unsuitable for other purposes. 
Hence, the WPL indicator provides additional information to 
determine the sustainability of freshwater use and allocation.

Figure 6
Water pollution level (WPL) for nitrogen (N, top) and phosphorus (P, bottom) of major river basins in SA for the year 2000 (own elaboration 

based on Liu et al., 2012)
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Figure 6 
Water pollution level (WPL) for nitrogen (N, top) and phosphorus (P, bottom) of major river basins in SA 
for the year 2000 (own elaboration based on Liu et al., 2012) 
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Water use efficiency

To evaluate the efficiency of allocation and use of water 
resources we investigated those 20 crops (out of 51 – see 
Appendix) that have the largest average total water footprint of 
production for the time period 1996–2005 in SA (see also Fig. 
1). These 20 crops account for 97% of the total green-, 87% of 
the total blue- and 91% of the total grey-water footprint of pro-
duction, and overall for 95% of the average total water footprint 
of production for the time period 1996–2005. In addition we 
consider the most important livestock products.

Figure 7 shows the total consumptive (green- and blue-) 
water footprints and the economic green- and blue-water pro-
ductivity of the major crop and livestock products in SA. Grapes, 
potatoes, green maize, apples, pears, and oranges have a rela-
tively high economic green and blue-water productivity, while at 
the same time their consumptive water footprint is relatively low 
compared to other crops that are considered here. In particular 
seed cotton and oats have a large share of the blue-water foot-
print of production to total consumptive water footprint, with 
less economic water productivity than most other crops. Meat 
products do have a large consumptive water footprint overall, 
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Figure 7 
Consumptive water footprint and economic green and blue-water productivity (EWP) of the 20 crops 
with the highest total water footprint produced in SA, plus the most important livestock products. Note 
that fodder crops do not have an economic water productivity. Therefore oats, which ranks 21st with 
respect to the total water footprint of production, has been added. Data are averaged for the time 
period 1996–2005. (Own elaboration based on Mekonnen and Hoekstra (2010a) and FAO (2014). 
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Table 7
Average water footprint of crops cultivated in SA, potentially providing ethanol and biodiesel (time period 1996–2005) 

(Data source: Mekonnen and Hoekstra, 2010a)

Crop WFgreen WFblue WFgrey Green water Blue water Grey water

(m3/GJ ethanol) (litres of water/litres of ethanol)

Ethanol

Wheat 102 23 10 2 397 529 226

Paddy rice 83 337 0 1 947 7 899 0

Barley 120 21 7 2 823 494 162

Maize 166 3 13 3 879 79 306

Rye 3 408 0 94 79 855 0 2 207

Sorghum 128 6 4 2 991 133 88

Potato 29 22 22 688 521 513

Sugarcane 51 12 6 1 196 280 133

(m3/GJ biodiesel) (litres of water/litres of biodiesel)

Biodiesel

Soybean 439 14 2 14 556 465 76

Groundnut 158 31 7 5 248 1 033 237

Sunflower seed 409 10 19 13 580 334 620

Rapeseed 322 0 14 10 693 0 451

Seed cotton 188 514 12 6 238 17 062 408
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for which the main portion is green water. Their economic water 
productivities do not rank particularly high.

We compare the average combined green- and blue-water 
footprint values of the most important crops produced in SA 
with global benchmark values at the best 25th percentile of 
production of Mekonnen and Hoekstra (2013) to identify the 
potential for increasing water productivities per crop. It can 
be seen from Fig. 8 that most of the average consumptive crop 
water footprints in SA are larger than the global benchmark 
values. 

The average yield for the crops considered and the related 
economic land productivity are shown in Fig. 9. Grapes, apples, 
pears, potatoes, bananas, oranges and green maize stand out 
regarding the economic land productivity. Yield is a determin-
ing factor and is one of the key aspects for decision making, 
e.g., in the debate regarding biofuel production in SA. However, 
several aspects must be considered to arrive at sustainable 
solutions.

In order to address concerns about food security, the 
Biofuels Regulatory Framework (SA Department of Energy, 
2014) currently excludes maize (a staple food in SA) and 
sugarcane (because of irrigation requirements) from biofuel 
crops, despite arguments from industry that these crops are 
most productive for biofuels and currently produced in SA 
(Business Day, 2014; Letete and Von Blottnitz, 2012; SA Civil 
Society Information Service 2012); see also Fig. 9. Instead, the 
first phase will consider only grain sorghum (for bio-ethanol) 
and soybeans (for bio-diesel). Licensed producers will also 
have to conform to other requirements in order to be granted 
the subsidy, such as 25% ownership by Black South Africans, 
a minimum of 10% of feedstocks being sourced from Black 
smallholder farmers, and, if irrigation is required, a detailed 
motivation for how this will be done ‘without negatively 
impacting the country’s constrained water resources’. A Water 
Research Commission (WRC) scoping study on water use of 
biofuel crops in SA found that soybean production (mainly in 
the eastern part of the country) would, for the most part, not 
use more water (i.e. reduce runoff) than the dominant indig-
enous vegetation (‘veld type’) (Jewitt et al., 2009). 

In Table 7 crops cultivated in SA with potential for etha-
nol and biodiesel production are compared regarding their 

Figure 8
Comparison of average consumptive (green + blue) water footprint of 

crops ranking in the top 21 for total water footprint of production (time 
period 1996–2005) to benchmark values of Mekonnen and Hoekstra 

(2013). Here the 25th percentiles of the global water footprint values for 
each crop have been chosen.
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Figure 9 
Crop yield and economic land productivity (ELP) of the 20 crops with the highest total water footprint 
produced in SA. Note that fodder crops neither have a yield nor an economic land productivity. 
Therefore oats, which ranks number 21 with respect to the total water footprint of production, has been 
added. Data are averaged for the time period 1996–2005 (Own elaboration based on FAO (2014). 
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efficiency in terms of water consumed or polluted per GJ of 
ethanol/biodiesel produced and litres of water consumed or 
polluted per litre of ethanol/biodiesel produced. 
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Notable is that rainfed rye has a comparatively high green-
water footprint. This is due to the extremely low rye yield in SA 
(average for 1996 to 2005: 211 kg/ha). SA even had the lowest 
yield (in terms of kg/ha) of all rye-producing countries world-
wide (FAO, 2014). Rye also has the highest nitrogen-related 
grey-water footprint of the ethanol-producing crops studied. 
Paddy rice stands out with the highest blue-water footprint, 
while having a zero grey-water footprint. Wheat, barley, maize, 
sorghum, potato and sugarcane must, depending on the goal 
with respect to sustainable production, be assessed separately. 
Goals could be, e.g., overall reduction of the water footprint, 
reduction of the blue-water consumption and/or reduction of 
pollution. As can be seen from Table 7, depending on the goal 
the selection will be different among these six crops. For exam-
ple, for sorghum the total water footprint is 137 m3/GJ ethanol, 
which is similar to the total water footprint of wheat (135 m3/
GJ ethanol), less than that of maize (182 m3/GJ ethanol) and 
barley (148 m3/GJ ethanol), but higher than that of potatoes (73 
m3/GJ ethanol) and sugarcane (69 m3/GJ ethanol). Sorghum has 
a lower blue-water footprint than sugarcane, barley, potatoes 
and wheat. Of those six crops, only the blue-water footprint of 
maize is lower than that of sorghum. Sorghum has the lowest 
grey-water footprint (except for rice). Yet while the green-water 
footprint of sorghum is lower than that of maize (166 m3/GJ 
ethanol), it is higher than that of barley (120 m3/GJ ethanol), 
wheat (102 m3/GJ ethanol), sugarcane (51 m3/GJ ethanol) and 
potatoes (29 m3/GJ ethanol). When turning to crop options for 
biodiesel production seed cotton has both the highest overall 
water footprint and the highest blue-water footprint. The other 
crop options investigated here will again be ranked differently 
depending on the goal that is pursued, i.e., overall water foot-
print reduction, reduction of the green-, blue- or grey-water 
footprint. Further criteria will, needless to say, also play a role 
when making a decision regarding crop choice.

RESPONSE FORMULATION AND DISCUSSION

Based on the results of the water footprint accounting and the 
water footprint sustainability assessment, several recommen-
dations to address the issues identified can be provided. The 
focus lies on blue-water scarcity, water pollution and water use 
efficiency. Some measures will result in improvements in one, 
two or all three of these issues.

Agronomic measures

The blue-water footprint exceeded blue-water availability in 
several basins for several months of the year. There is a large 
potential to reduce the consumptive water footprint of crop cul-
tivation in SA. By applying individual best management prac-
tices to, e.g., reach the benchmark values of the level of the best 
25th percentile of global production, substantial water savings 
are feasible for most of the crops considered here in detail (see 
Fig. 8). Rockström et al. (2007) point out that, while climatic 
factors play an important role for yields and evapotranspira-
tion, the consumptive water use of a crop is largely determined 
by agricultural management. Blue-water footprint reduction 
can in general be achieved by increasing yield and/or reducing 
non-beneficial evapotranspiration. While improvements solely 
in irrigated agriculture will have merit, the largest potential 
for reduction lies in rainfed agriculture and supplemental 
irrigation (see Fig. 7 and Appendix). Devising strategies to 
improve green-water productivity may lead to lower blue-water 

requirements and can support efforts to reduce the blue-water 
footprint, thereby helping to alleviate blue-water scarcity in 
hotspot regions. Optimum agronomic management strate-
gies to reduce the pressure on freshwater resources in SA will 
combine crop management (improving crop water and nutrient 
uptake), water management (improving water availability), soil 
management (improving infiltration and soil water-holding 
capacity) and nutrient management (improving nutrient avail-
ability). These strategies need to be deduced for a given system 
and cannot be provided based on this country-wide assessment.

Water pollution should be reduced or avoided altogether 
in all sectors. From Fig. 6 it can be seen that pollution levels 
with respect to nitrogen and phosphorus are unsustainable in a 
great many river basins. We leave the determination of specific 
measures for future research. 

Trade

The cultivation and successive trade of crops with relatively 
high economic return and comparably small negative impact 
on freshwater resources can become part of wise water govern-
ance. The analysis showed that grapes, potatoes, green maize, 
apples, pears and oranges have a relatively high economic 
green- and blue-water productivity, while at the same time their 
consumptive water footprint is relatively low compared to other 
crops that are considered here. It should be noted that in earlier 
work for the Breede-Overberg river basin the economic blue-
water productivity of grapes was found to be particularly high 
(BOCMA, 2011). Furthermore, investment in import of water-
demanding crop varieties can help to alleviate water scarcity. 
An example in SA is the case of rice. Policy may include incen-
tives to use the resources on higher value crops and in a more 
efficient way. To put adequate strategies into practice, func-
tional and efficient water allocation and management institu-
tions are required. Yet, despite the 15 years that have elapsed 
since the enactment of the NWA, by March 2012, only 2 (out 
of the original 19 envisaged) catchment management agencies 
were operational, with another 6 being gazetted and awaiting 
approval (PMG, 2012). There has since been a reorganisation 
of the original 19 designated water management areas into 9 
larger ones in an attempt to overcome the capacity constraints 
in some areas.

Choice of cultivars

Another option to find the optimum of environmental sustain-
ability and economic efficiency is that various cultivars could 
be evaluated regarding their suitability for more intensive 
cultivation, thereby potentially (partially) replacing less opti-
mal crops. Examples of crops with comparably high economic 
water productivity that receive less consideration at present are 
tobacco, tomatoes, strawberries, cucumbers and tangerines. 
Except for tobacco, these crops exhibit a comparably low con-
sumptive water footprint (see Appendix). For a certain region 
an alternative crop variety may pose an opportunity to raise 
both sustainability and efficiency. 

Consumption patterns

The analysis showed that the water footprint of a consumer in 
SA is, on average, to a large extent determined by consumption 
of livestock and cereal products. A change in the consumption 
pattern, thereby reducing meat consumption, can reduce the 
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water footprint of consumption significantly. This has been 
shown by Vanham et al. (2013) in detail for European diets. 
This will certainly be a challenge, as per capita incomes are 
rising and the demand for meat is increasing. Awareness of 
consumers must be raised regarding this issue. 

Decisions on biofuel production to include information 
on water consumption and pollution

Issues of sustainability and the use of limited resources, 
such as water, are raised throughout the Biofuels Regulatory 
Framework (SA Department of Energy, 2014), but tempered by 
statements such as: ‘However, a cautionary approach ought to 
be adopted when introducing sustainability criteria for liquid 
biofuels as compliance thereto normally comes at a premium 
for investors’ (p. 7). This is expected, since environmental 
impacts and sustainability have generally had a low priority in 
the biofuels industry in African countries, with success being 
measured primarily through economic profits and job creation 
(Amigun et al., 2011). The focus is still very much on first-
generation biofuel feedstock crops, such as sorghum, maize, 
soybeans and sugarcane, and is likely to remain so in SA for 
some time. We provided an evaluation of the water footprint 
of crops currently cultivated in SA that are suitable for biofuel 
production, in order to support decision making. More devel-
oped industries are now moving to second-generation non-food 
feedstocks, biomass and bio-waste. Third-generation biofuels 
from algae are still in the experimental stages (Biofuels UK, 
2014), but promising results have been reported (Gerbens-
Leenes et al., 2014). Both of these have the potential to decrease 
the water footprint of biofuels significantly in the future.

One potential crop for first generation ethanol produc-
tion not included here is sugar beet, as it is at present not being 
produced on a large scale in SA. However, Nasterlack et al. (2014) 
report on a proposed bioethanol project in the Cradock area, 
located in the Great Fish River Valley of the Eastern Cape in SA. 
Agricultural sugar beet production trials have been conducted 
in the Great Fish River Valley for more than a decade, with 
promising yield results. Agricultural activity would take place 
on existing farmland, or on biomes classified as ‘least concern’. 
However, due to the regional climate, crops are grown exclusively 
under irrigation in this region. Therefore a detailed assessment 
of the crop water consumption and pollution is required to assess 
the suitability and sustainability of sugar beet production for 
ethanol. In this context it must be noted that in a global assess-
ment by Gerbens-Leenes et al. (2009) of the water footprint of 
crops that contribute most to global agricultural production, it 
was found for ethanol production that sugar beet, and potato 
(60 and 100 m3/GJ) had the lowest combined green- and blue-
water footprint, followed by sugarcane (110 m3/GJ). In that global 
assessment sorghum had the highest water footprint (400 m3/GJ). 
For biodiesel, soybean and rapeseed had the lowest combined 
green- and blue-water footprint values (around 400  m3/GJ).

CONCLUSIONS

Water resource management is one of the pillars of agriculture 
and hence food security, of energy and hence energy security, of 
industry and industrial production and of domestic water sup-
ply. The same holds for its importance for trade and develop-
ment planning, and it is therefore advisable to link water policy 
with other policies, such as environmental, agricultural, indus-
trial, economic, energy, trade and foreign policies as well as 

with international cooperation. By means of this first national 
water footprint assessment of SA, a comprehensive picture of 
water consumption and pollution, related issues and potential 
solutions are provided. Efforts by catchment management agen-
cies should be undertaken to carry out assessments at higher 
spatial resolution using current local data, to evaluate trends 
and to include social aspects, in particular, equity of water allo-
cation, in addition to environmental and economic aspects in 
the sustainability assessment. While data requirements of such 
assessments will pose a challenge, the information obtained 
and the strategies derived therefrom can be instrumental, so 
that the water resources of SA are used, controlled, managed, 
conserved, developed and protected for the benefit of all. Such 
assessments can also provide supplementary information to the 
South African Water Resource Classification System.
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APPENDIX

Table A1
Average producer price (FAO, 2014); yield (FAO, 2014); green, blue, grey water footprint (WF) (Mekonnen and Hoekstra, 

2010a), economic green + blue water productivity (EWP) and economic land productivity (ELP) of crops cultivated in  
South Africa for the time period 1996–2005.

Item
Producer 

price 
(US$/t)

Yield (t/ha) Green WF 
(m3/t)

Blue WF 
(m3/t)

Grey WF 
(m3/t)

Green + 
blue EWP 
(US$/m3)

ELP (US$/
ha)

Apples 260.8 26.7 252 200 25 0.58 6 967
Apricots 199.5 12.0 495 402 56 0.22 2 386
Avocados 438.6 6.3 996 759 109 0.25 2 758
Bananas 259.9 22.1 288 431 29 0.36 5 748
Barley 154.7 1.9 1 225 214 70 0.11 291
Beans, dry 495.9 1.3 773 835 1 525 0.31 651
Beans, green 345.9 6.1 333 250 116 0.59 2 115
Cabbages and other brassicas 69.3 47.6 88 60 14 0.47 3 299
Carrots and turnips 141.4 26.2 128 91 26 0.65 3 697
Cauliflowers and broccoli 135.2 21.1 147 77 32 0.60 2 853
Cherries 1 290.7 3.1 1 990 1 809 220 0.34 3 964
Cow peas, dry 266.8 0.5 2 231 1 814 3 986 0.07 133
Cucumbers and gherkins 327.4 13.7 272 167 49 0.75 4 473
Figs 1 040.8 2.6 2 327 1 516 256 0.27 2 683
Grapefruit (incl. pomelos) 168.7 29.5 213 139 23 0.48 4 984
Grapes 933.5 13.8 217 157 48 2.50 12 856
Groundnuts, with shell 366.2 1.6 2 210 435 100 0.14 578
Lemons and limes 213.9 20.7 290 189 32 0.45 4423
Lettuce and chicory 187.3 14.5 163 129 48 0.64 2 707
Maize 114.3 2.7 1 661 34 131 0.07 312
Maize, green 414.1 9.7 366 320 70 0.60 4 000
Mangoes, mangosteens, guavas 340.8 12.2 507 697 53 0.28 4 152
Melons, other (inc.cantaloupes) 243.9 11.7 247 114 57 0.68 2 842
Nuts, nes 2 798.0 3.2 1 975 2 023 0 0.70 8 844
Oats 105.8 1.4 1 328 2 462 79 0.03 144
Onions, dry 164.9 19.6 230 231 36 0.36 3 232
Oranges 193.7 23.6 250 161 27 0.47 4 574
Peaches and nectarines 243.0 11.6 512 460 57 0.25 2 828
Pears 264.3 23.3 281 223 28 0.52 6158
Peas, dry 313.0 1.2 994 957 1 693 0.16 371
Peas, green 254.9 5.2 497 442 130 0.27 1 330
Pineapples 115.1 16.4 239 94 42 0.35 1 892
Plums and sloes 699.3 8.9 662 717 75 0.51 6 208
Potatoes 189.9 30.8 90 68 67 1.20 5 850
Pumpkins, squash and gourds 105.4 16.9 158 93 40 0.42 1 785
Rye 117.3 0.2 34 653 0 958 0.00 25
Seed cotton 423.5 1.5 1 386 3 790 91 0.08 650
Sisal 569.9 0.7 6 499 3 794 2 843 0.06 400
Sorghum 115.0 2.8 1 298 58 38 0.08 327
Soybeans 235.8 1.6 2 739 88 14 0.08 373
Strawberries 823.7 9.1 290 431 81 1.14 7 465
Sugarcane 22.2 58.5 119 28 13 0.15 1 298
Sunflower seed 216.1 1.3 2 886 71 132 0.07 277
Sweet potatoes 125.0 3.5 1192 698 570 0.07 440
Tangerines, mandarins,  
clementines, satsumas 307.6 22.8 262 170 29 0.71 7 022

Tea 2 183.3 1.9 3 244 1 315 1 040 0.48 4 175
Tobacco, unmanufactured 2 635.4 2.0 488 712 1 004 2.20 5 327
Tomatoes 205.3 51.2 53 49 15 2.02 10 505
Watermelons 128.0 13.7 268 155 48 0.30 1 756
Wheat 169.5 2.3 1 040 230 98 0.13 390


