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1 Introduction 
Water footprints provide a useful platform about how water is used in a river basin and it 

offers an opportunity to overlay economic and social considerations onto water 

consumption trends.  The water footprint approach is able to marry economic indicators 

with water consumption metrics and in so doing is able to provide economic value of water 

indicators that can be used to assist the water planning and allocation process.   

Like many other areas, water is the critical economic input into the Breede WMA’s 

agricultural sector, which in turn anchors the rest of the economy.  This is a cornerstone of 

the Breede Overberg catchment management strategy, which this paper supports. In order 

to ensure that water can be used optimally to achieve social and economic development 

needs, water allocation and economic planners need to be able to know how water usage in 

one area compares to water usage in another.  In the Breede WMA, water foot printing was 

used to compare the direct farm job and gross income impacts of water consumption 

between different sub-catchments and between different crops.  

In itself, water foot printing is only a descriptive tool but it can be used to unlock debates 

surrounding the political economy of water. 

This study provides a high level overview of the water footprint of the Breede Water 

Management Area as input to the catchment management strategy being developed by 

BOCMA.  

2 Breede Water Management Area 
The Breede Water Management Area (WMA) covers an area of 19 668 km2 in which the 

mean annual precipitation ranges from 1500mm in the high mountains to less than 400mm 

in parts of the main river valleys, as indicated in Figure 1.  It consists of the Breede River 

with a mean annual runoff (MAR) of 1840 million m3/year and a number of smaller coastal 

rivers in the Overberg with a combined MAR of 590 million m3/year. 

Rain falls predominantly during the winter months between May and August, although a 

year round rainfall pattern prevails in the far south-east. Occasional snowfalls occur on the 

mountains in the south-west and north-west of the WMA during most winters.  

The mean annual temperature varies between 17ºC in the east to 15ºC along the south-

west coast. Maximum temperatures are experienced in January (average daily max = 37ºC) 

and minimum temperatures usually occur in July (average daily min = 0ºC). Frost occurs 

throughout the WMA in winter, typically between mid-May and late August.  The average 
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potential mean annual evaporation ranges from 1200mm in the south to 1700mm in the 

north of the WMA. 

Figure 1: Rainfall Distribution in the Breede Water Management Area 

 

The WMA has been split into six catchment-based management zones according to their 

hydrology and institutional structure; the Upper Breede, the Central Breede, Lower Breede, 

Riviersonderend, Overberg West and Overberg East.  
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Figure 2: Management Zones in the Breede Water Management Area 

 

Agriculture and agri-processing are the dominant economic activity in the catchment.  This 

follows the rainfall and water availability patterns, ranging from high intensity, irrigated 

fruit orchards in the north and west to large areas of rain-fed wheat, barley and livestock 

farming in the south. 

3 Water balance in the Breede Overberg WMA 
The purpose of the water balance is to reconcile the water requirements with the available 

water (yield) of the system, in order to understand where there is surplus water available 

for future developments, where water is in balance, and where there is a water deficit.   

Table 3-1 shows the available water in the Breede WMA, represented at a 98% assurance 

of supply.  

Table 3-1: Available water in year 2000 (Mm3/a) (ISP, 2004) 

Sub-zone 

Natural resources Usable return flows 
Total 

local 

yield 

Transfers 

in 

Grand 

total Surface 

water 

Ground-

water 
Irrigation Urban 

Upper Breede* 382 94 74 11 561 0 561 

Riviersonderend 249 5 9 1 264 0 264 
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Lower Breede 52 4 7 0 63 14 77 

Overberg East 1 1 0 0 2 2 4 

Overberg West 88 3 6 2 99 2 101 

TOTAL 772 107 96 14 989 1** 990 

* Upper Breede includes: Ceres, Upper Breede, Hex, Koo, Kogmanskloof, and Middle Breede sub-zones. 
** The total transfer in relates to the Nett transfer into the WMA (other transfers are intra-WMA). 
 

Table 3-2 illustrates the water requirements in the year 2000. About 20% of the available 

water in the Breede Overberg WMA is exported directly out of the basin to supply the Cape 

Town metropolitan area and irrigation in the neighbouring Berg WMA; these transfers are 

also indicated as requirements on the system. 

The most important observation is that water availability is greatest in the upper and 

central Breede River catchment, while there is relatively lower availability along the coast 

areas (where rainfall is lower).  Irrigation patterns obviously follow this availability, with 

greatest irrigation in the inland areas of the Breede and rain fed agriculture along the coast. 

Table 3-2: Year 2000 water requirements (Mm3/a) (ISP, 2004) 

Sub-zone Irrigation Urban Rural 
Affore-

station1 

Total local 

requirements 

Transfers 

out 

Grand 

total 

Upper Breede  495 23 4 0 522 22 544 

Riviersonderend 91 2 2 1 96 168 264 

Lower Breede 722 1 1 0 74 0 74 

Overberg East 0 2 2 0 4 0 4 

Overberg West 64 8 2 5 79 23 102 

TOTAL 772 36 11 6 775 1963 971 

1 Quantities given refer to impact on yield only  
2 This seems to be an overestimate, particularly when compared to the NWRS estimate of 36 Mm3/a. 
3 The total transfer out relate to the Nett transfer out of the WMA (other transfers are intra-WMA). 
 

Table 3-3 below gives a balance of the available supply and the 2000 water requirements 

and shows the surplus or deficit in each sub area.  
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Table 3-3:Reconciliation of requirements and available water for year 2000 (Mm3/a) (NWRS, 2002)  

Sub-zone 

Available water Water requirements 

Balance 
Local 

yield 

Transfers 

in 
Total 

Local 

requirements 

Transfers 

out 
Total 

Upper Breede  561 0 561 522 22 544 17 

Riviersonderend 264 0 264 96 168 264 0 

Lower Breede 63 14 77 74 0 74 3 

Overberg East 2 2 4 4 0 4 0 

Overberg West 99 2 101 79 23 102 (1) 

TOTAL 989 1 990 775 196 971 19 

 

More recent analysis built around the catchment management strategy, based on a 

catchment vision of maintaining the current ecological status of the system for diversified 

tourism and urban economic development, indicates that there is no surplus in the system 

once ecological and future urban requirements are considered.  Until further information is 

gained on hydrological and water use changes over the past 10 years, the implications are 

that the catchment is “closed” and further development will have to be through efficiency 

gains related to technology improvement and/or reallocation.  This frames the water 

footprint assessment and presents the typical water management perspective of the WMA. 

4 Methodology and data sources 
A water footprint estimates the volume of water that is indirectly or directly used to 

produce a product along its supply chain.  The water footprint approach can also be used to 

estimate the indirect and direct water consumption of a catchment area, by summing up 

the individual water footprints of the products and the services that they consume.  

For the purposes of this analysis, water footprint captures both the blue and green 

components of water consumption. A blue water footprint refers to the volume of surface 

and groundwater that is used in the supply chain of a product (net abstraction less return 

flow), whilst the green footprint refers to the consumption of rainwater that is evapo-

transpirated up from soil moisture.   
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Whilst there is some agro-processing present in the WMA, the vast majority of water usage 

is taken up by the primary agriculture sector which includes both crops and livestock. The 

purpose of this assessment is to provide a high level overview of the water footprint of the 

WMA, which is why it is focused predominantly on the primary agricultural sector. There is 

scope for further analysis on the industrial and value add (such as canning or wine 

production) water consumption for the area.  

The crop water requirements and rainfall data needed to calculate the green and blue 

water footprints of different crops are supplied by SAPWAT. Data on crop yields, hectares 

of crops and tons of production have been estimated using data supplied by the Statistics 

South Africa Agricultural Census of 2002 (SSAAC). Where appropriate this data has been 

supplemented by more recent surveys.  While there has been some expansion of 

agricultural production and shifts between crops over the past few years, these data are the 

most reliable and broadly reflect the situation in the Breede WMA.  Most of the data are 

available for the 2000 calendar year and so this is set as the benchmark for the study. 

5 Economic activity in the Breede WMA 
Figure 3 illustrates the regional gross domestic product (GDPR) of the Breede WMA by 

sector. The total economy was estimated to be R8.5 billion in 2004 (Measured in constant 

2000 prices).  Economic activity in the WMA is not spread consistently across the six sub-

catchments. The economies of the Central Breede (R 3 billion), Upper Breede (R2.1 billion) 

and Overberg West (R 1.9 billion) are significantly greater than those of Riviersonderend 

(R 570 million), Overberg East (R 470 million) and Lower Breede (R365 million).  

Figure 3 also indicates that the economy of the Breede WMA is anchored by its agricultural 

sector. Firstly, the WMA has a relatively large primary agricultural sector when compared 

to the rest of the country. The primary agricultural sector accounts for 21% of economic 

activity which is substantially higher than the agriculture share of the national (3.2%) and 

the Western Cape’s economy (5.5%). The Breede and Overberg agriculture sector also has 

strong linkages to the secondary economy, in which value is added to primary agricultural 

goods through agro-processing (juicing, wine and processed fruit).  
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Figure 3: Regional Gross Domestic Product (GDPR) in the Breede WMA by sector 

 

Secondly, private sector services which account for almost 48% of economic activity in the 

Breede WMA is also strongly related to the agriculture sector.  This is dominated by 

wholesale & retail trade, catering & accommodation, and finance and business services.   

Trade, catering and accommodation can be interpreted as a proxy for tourism.  Tourism in 

the non-coastal areas of the catchment has a strong dependence on the agriculture sector. 

Tourists visit the area to taste the region’s wines, stay at the guest houses and attend 

wedding and other events on the wine farms.  On the other hand, coastal tourism and 

residential areas in the Overberg and Lower Breede are largely dependent upon the 

estuarine and marine environment, and therefore represent a small, but significant non-

agricultural economy. 

It is clear that the agricultural sector provides a base of economic activity from which the 

rest of the economy can grow and in which residents can find work. Finance and business 

are thus also dependent on the agriculture sector, as agriculture supports the community 

that provides the finance and business sector with its clients. Not only do mechanics and 

other technical experts service the farms in the WMA, but other professionals such as 
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accountants and lawyers serve the WMA residents who in turn generate a significant 

proportion of their income from the agricultural sector.  

6 Agricultural activity in the Breede WMA 
As indicated above, gaining an understanding of the economy of the Breede WMA requires 

a focus on the agricultural sector. The Breede WMA has approximately 2 019 km2 under 

crop of which 94% was included in this analysis.  

Figure 4 below illustrates the crop production of the WMA by cultivated area (hectares) 

and production (tons). The main crops in the Breede WMA are rain fed and irrigated 

cereals (wheat and barley), apples, pears, peaches, wine grapes, table grapes and fodder 

crops.  Other crops include a range of vegetables, grains and indigenous tea. 

Figure 4 reveals much about the location of different crop types, as well as yields of 

different crops, in the different areas of the catchment. The crop yields are the ratio of total 

tons produced to the area under cultivation.  

Of course, at any one time, perennial crops such as orchards have some trees that are full 

bearing, some that are non-bearing and some that have just been planted. The data 

contained here does not make a distinction between the maturities of the different trees; it 

is an average log-term yield.   

Rain fed cereals (barley and wheat) and fodder are grown in all six sub-catchments in the 

WMA. As would be expected, rain fed crops account for the greatest area of agricultural 

land (about 80 000 hectares) in the Breede. The majority of the rain fed cereals are found 

in the southern sub-catchments of Riviersonderend, Overberg East and Overberg West.   

Whilst covering a smaller area than rain fed cereals, irrigated crops such as deciduous 

fruits and wine and table grapes have a higher yield. Most of these crops are located in the 

Upper and Central Breede linked to irrigation schemes on the Breede River and its 

tributaries.  There are also large pockets of apple production in Elgin in the western parts 

of Overberg West and Villiersdorp in the upper Riviersonderend catchment, supported by 

rainfall and storage schemes.  
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Figure 4: Agricultural production in the Breede WMA 

 

 

Figure 5 illustrates the economic impact of agriculture in the Breede WMA in terms of gross 

farming income1 and direct farm employment2. It is clear that irrigated agriculture such as 

orchards and vineyards derive far higher economic value, be it in terms of gross income or 

direct farm jobs, than cereals and fodder crops. Table grapes provide a significantly higher 

level of gross farming income (R720.9 million).  

                                                        
1 It is assumed that all the fodder crops grown in the catchment are grown to feed dairy cattle. As a result, the income from fodder crops 
is calculated as the total income received from selling dairy and dairy products such as milk and cream.  No attempt was made to 
estimate the value of beneficiation of fruit through juicing, wine and processing, but this would be an interesting additional analysis.  

2 The employment statistics contained here are for direct farm jobs only. They do not consider the employment created further up the 
agricultural supply chain such jobs created in the manufacture of wine or through agro-processing.   
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Figure 5: Gross farming income and direct farm jobs per crop in the Breede WMA 

 

7  Water footprint by economic sector 
Table 7-1 shows the total water footprint of the Breede WMA. Two trends emerge from this 

data. Firstly, it is clear that agriculture (91%), and particularly irrigated agriculture 

(69.4%) takes up the dominant share of water consumption in the Breede. Secondly, water 

consumption is not equally distributed across the catchment and is highly correlated with 

economic activity.  

This relationship between water consumption and economic activity is clear; in the same 

way that they dominate the economy of the WMA, the Upper Breede (270.4 Mm3), the 

Central Breede (289.7 Mm3) and the Overberg West (176.9 Mm3), take up the major share 

of water consumption in the WMA, particularly blue water. 
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Table 7-1: Water footprint of the Breede WMA (Mm3) 

 

Industrial use is largely related to agro-processing in the fruit, juice and wine industry, 

although it includes some other commercial processes in urban areas.  As expected 

industrial water use is also strongly correlated with economic activity and is centred on the 

Upper Breede, Central Breede and Overberg West. The blue water metric does not directly 

consider the efficiency of water use in the abstraction, distribution and application process. 

Depending on the efficiency of the irrigation systems used (particularly drip, centre pivot, 

sprinkler or flood), the actual blue water footprint may be considerably larger, due 

evaporation losses before reaching the soil.  However, ongoing stress has resulted in most 

irrigation in the Breede and Overberg WMA being technically advanced and relatively 

water efficient.  

Figure 6 provides an illustration of the green & blue water footprints of the Breede WMA. 

The blue water footprint contains agriculture, industrial and residential usage.  The 

distribution of blue water consumption trends in the Breede further reflects the correlation 

between water and the economy.  The ratio of blue water use to green water use in the 

major economic centres of the Upper and Central Breede (and to a lesser extent Overberg 

West) are far higher than those in the poorer, southern sub-catchments which do not have 

major rivers to support irrigation and are more dependent on rain fed agriculture.  

As discussed earlier, not only does irrigated agriculture earn more income than rain fed 

agriculture it also has greater knock-on effects in the secondary and tertiary economy. It is 

thus unsurprising that catchments with a higher blue water footprint also have relatively 
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larger economies.  This relationship is best illustrated by the catchment’s second smallest 

economy, the Overberg East, which, because of its hydrology (it doesn’t lie on any of the 

major river stems of the Breede WMA), is hugely dependent on green water for the 

production of cereals and livestock. It also has very little industrial water use.   

Figure 6: Green and blue water footprint of the Breede WMA 

 

An important consideration in interpreting the green water footprint is that this reflects 

the embedded water in a crop.  The green water footprint for rain fed crops in the Breede 

Overberg translates to an average consumption of about 277mm during the winter rainfall 

growing season, as these lands typically lie fallow during the summer months.  This is 

roughly comparable to the annual evapo-transpiration of the natural fynbos, and thus the 

flow impact of this rain fed agriculture is not that much greater than the natural conditions.  

This however does not reflect the practice of ploughing and planting in riparian zones and 

wetlands, which have a significant impact on the rivers and their flows. 

8 Temporal Agricultural Water Footprint 
It is important to recognise that the water footprint will vary considerably over the course 

of the year both from a residential and agricultural standpoint. For example, the reason 

that Overberg West has a disproportionately high residential water footprint is because it 

is the location of a series of coastal towns that experience a massive increase in population 

during peak holiday periods (such as the Christmas holidays and Easter). During the non-

peak seasons this residential footprint will be significantly smaller.  
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Figure 7 provides a temporal and spatial illustration of the crop water footprint for the 

WMA. Unsurprisingly, the green water footprint peaks during the winter months of May 

through to September when rainfall is highest. The blue water footprint is largest during 

the summer months, when crop water requirements increase because of the higher evapo-

transpiration rates caused by higher temperatures.  

Figure 7: Water footprint of the Breede WMA 

 

Indeed, the blue water footprint of irrigated agriculture in the Upper and Central Breede 

during the four summer months of November to February accounts for more than 50% of 

the total annual water footprint.  During the winter rainfall period the blue water footprint 

becomes almost negligible.  

9 The water footprint and its relation to economic value 
Figure 8 shows the total water footprint of the main crops in the WMA and the embedded 

water per ton of crop. Wine grapes, apples, pears and fodder crops have the highest water 

footprint in the WMA. Interestingly, deciduous fruits such as apples, pears and peaches 
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have relatively low embedded water content per ton of crop because of their comparatively 

higher yield.   

Figure 8: Water footprints of crops in the Breede WMA 

 

Wine grape growing in the Overberg East has the highest virtual water content per ton of 

crop. Wine grapes grown here have a very low yield of 1.95 tons per hectare as opposed to 

the WMA’s average wine grape yield of 13 tons per hectare, which may indicate that this 

small area is actually rain fed. This assumption would significantly lower the footprint. 

Fodder crops, rain fed cereals and irrigated cereals have the highest embedded water 

content per ton of crop, because of their lower yields. These crops are found predominantly 

in the southern parts of the WMA such as the Overberg, the Lower Breede and 

Riviersonderend.  

Figure 9 reveals the economic impact of water use by crop in the Breede WMAs. It shows 

that there is clear distinction between the value and employment created by using water to 

irrigated orchards and vineyards as opposed to using it to for fodder crops and cereals, 

particularly where these are irrigated. 
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Figure 9: Economic productivity of water use by sub-catchment 

 

Table grapes offer farmers the highest gross income per cubic meter of water followed by 

the other deciduous fruits of apples, pears and peaches. Interestingly, wine grapes which 

consume the most of amount of water in the WMA have a relatively lower economic 

productivity of, which is only marginally better than that of rain fed cereals. 

Table grape farming also creates the highest number of jobs per unit of embedded water, 

compared to all the crops in the catchment (about 50% higher). Importantly apples, pears 

and peaches create significantly higher number jobs (about 100 per a million m3), than rain 

fed and irrigated cereals and fodder crops (less than 40% of fruit).  

The findings in Figure 9 include both green water and blue water. But water planners have 

very little control over soil moisture; they can only influence how ground and surface water 

resources are exploited. Figure 10 presents the value and employment generated per 

volume of blue water in the cultivation of different crops in the Breede WMA, which is what 

is allocated through the CMS and water use authorisation process. 
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Figure 10: Economic productivity of blue water use in the Breede WMA 

 

By focusing only on blue water, Figure 10 provides a different perspective on the economic 

impacts of water usage, particularly in terms of job creation. As was the case with total 

water use, table grapes generated the highest gross income per unit of embedded water, 

followed again by apples, pears and peaches. 

While table grape farming in the Central Breede creates more jobs per unit of total (blue 

and green) embedded water than any other crop, it is about the same as apples and pears 

in the Overberg West (around Elgin) when only the blue water is considered.  

The importance of these indicators is that they can inform the water allocation process and 

can show how water used in one area for a particular crop can generate higher economic 

returns in terms of value and employment than other crops grown in other areas.  Two 

important issues are worth noting.  Firstly, these figures do not include beneficiation of 

high value wine, juicing and fruit processing, which may further influence the results. 

Secondly, water managers do not have influence over rain fed agriculture, not do they have 

direct authorisation control over which crops to irrigate; this is the choice of the farmer 

once a water allocation (and water use authorisation) has been made. 
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Figure 11: Exported water footprint 

 

Finally, Figure 11 indicates the proportion of the Breede WMA’s water footprint that is 

exported outside of the catchment. Exports are calculated as the difference between the 

production of a crop category in the WMA and the consumption of that crop by the WMA’s 

population. It is clear that most of the cereal, fruit and wine grown in the WMA is exported 

and thus contribute to the regional economy.  However, it is also worth noting that a 

significant portion of the deciduous fruit and table grape production is exported to other 

countries and thus represents foreign exchange earning to the national economy.  Viewed 

from this perspective, the economic value of this production has economic significance 

beyond the boundaries of the WMA, while also contributing to food security within the 

WMA.  

10 Conclusions 
The water footprint analysis provides a different perspective on water use and allocation in 

the Breede WMA.  It has some important political and economic implications for an area 

that is anchored by its agricultural sector.  

The first implication is that new allocations of water and changes to existing allocations 

must be cognisant of the differing economic and social impacts of providing water to 

different locations and for the cultivation of different crops in the WMA.  While water 

managers cannot dictate cultivation, advocacy with agricultural unions and water user 

associations may assist in improving these economic decisions to improve the use of water 

to serve economic development of the region.  

Within specific crop types, higher input efficiencies translate into higher yields which 

results in more efficient water use. A million cubic meters of water used in the production 

of apples in Overberg West creates more jobs and generates more income than a million 

cubic meters of water used in apple production in the Central Breede. 
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Similarly there are different impacts across crop types. Apple farming or table grape 

farming generates more jobs and income per a volume of water than wine grape 

production. Obviously all of this is related to climatic and physical conditions, which also 

limit the production of some crops to particular areas.  The implications of changing 

climate conditions (particularly temperature and rainfall related) need to be considered, 

but are not factored into this analysis. 

While it is tempting to focus on the high value crops, consideration should also be given to 

shifting use away from lower value crops, particularly those that use irrigated blue water.  

In this regard, irrigation of cereals and fodder seems to be an economically inefficient use 

of water, particularly in the upper Breede valley. Introduction of economic instruments 

may be a valuable way of supporting improved efficiency of water use through the Breede 

Overberg CMS and will be taken up in the management options process. 

The treatment of water quality impacts (or grey water footprint) has been intentionally 

excluded from this paper, not because it is not important, but because there remain some 

methodological challenges in providing adequate estimates.  Irrigation return flows in the 

Breede River have a direct footprint impact through the operational release of about 20 

million m3 per year to dilute elevated salinity levels in the central Breede River.  This 

represents about 5% of the blue water footprint of upstream irrigation. 

At the same time, this water footprint analysis does not address the challenges of water 

reallocation to emerging farmers, which is exclusively focused on blue water.  However, 

this is a central issue for the Breede Overberg CMS, which will need to consider the 

economic issues that are raised in this analysis.  The most critical consideration is that the 

highest value crops (per unit of water) also have the greatest technical and infrastructural 

production requirements.  Water allocation reform in the context of agriculture in the 

Breede and Overberg will therefore need to explore innovative ways to provide financial 

support and managerial capacity to beneficiaries, so that economic development is 

maintained while fostering the social and political imperatives of water reallocation.  

Ultimately for the purposes of the CMS, the water footprint concept also needs to be aligned 

with the implications for water management, particularly around the value of the 

ecological functioning of the system for other sectors, such as fisheries, tourism and 

residential development of the region.  This has not been done in this paper, but is an 

important issue when using these conclusions in the CMS development process. 

It must be emphasised that this paper only provides a high level analysis of the economics 

of water use in the Breede and Overberg region.  However it does provide information to 

better arm water and economic planners, when trying to harness water allocation to 

achieve social and economic growth and development goals. 


