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2. PROJECT INFORMATION

Project title Water footprint assessment framework for grapes: integrating remote
sensing, geospatial and other datasets

Short title Water footprint assessment framework for grapes

Fruit kind(s) Grapes
Start date (mm/yyyy) 2017-04 End date (mm/yyyy) 2020-03

Key words Water footprint, wine, table grapes, remote sensing, geospatial,
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CFPA DFTS HORTGRO SATI WINETECH ARC OTHER
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R 0 R 0 R 0 R 0 R 990000 R 0 R 2137920
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3. EXECUTIVE SUMMARY

Objectives and Rationale

The study aimed at assessing the water footprint (WF) of wine and table grapes produced in
selected regions of the Western Cape, as an indicator of sustainability. Access to large
production databases and spatial estimates of evapotranspiration for numerous fields, allowed
the estimation of WFs for a range in production conditions.

Methods

The Global WF Standard (GWFS) approach was used as the basis for developing an
improved methodology for WF assessment (WFA). Remote sensing (RS) data, large datasets
and look-up tables were used to calculate the blue, green, grey and total WF components.
Case studies were conducted in three production regions. WF results were expressed in water
use per 750 mL bottle of wine and water use per L of wine. 

Key Results

The median WFtotal of wine (field level plus cellar), considering >3 600 fields from three
regions, was 647 L of water for 750 mL of wine (863 L/L). It ranged between 480 L/750mL of
wine in the Breede River Valley (641 L/L) and 933 L/750mL of wine in the Coastal Region (1
325 L/L). 

Key Conclusion of Discussion

This study successfully calculated the WF of wine and table grapes in different production
regions using spatial data, large production datasets and lookup tables. Integrating large
numbers of field level WF estimates into a final product WF estimates, showed the impact of a
range in production conditions on the WFs.

Take Home message for Industry

Integrating data from various fields into a WF provides insight into the impact of a range in
production conditions on the final WFtotal for wine and where improvements are possible.
Wine grape yield strongly influences the field level WFtotal for wine grapes. Field level WF
contributed most to the WFtotal of wine, but contributions of WFgrey should not be ignored.
Placing the actual WFtotal estimates in a financial and environmental context is important.

4. PROBLEM IDENTIFICATION AND MOTIVATION

Problem Identification
The available water resources in the Western Cape (WC) Province of South Africa (SA) have
been severely constrained due to below-average rainfall, resulting in an extensive and
prolonged drought. During 2017 and 2018 very limited water was available for irrigation in the
areas where table and wine grapes are extensively cultivated, making grape production in some
instances nearly impossible. Most producers had to employ water conservation measures, and
in some instances, vineyards were removed. Good rainfall during the winters of 2018 and 2019

This document is confidential and any unauthorised disclosure is prohibited. Version 2020



increased the water availability in some areas, improving the conditions for grape production.
Severe drought conditions persist in many areas. The past and ongoing pressure on available
water resources for agricultural production initiated renewed discussions on the sustainable and
efficient use of water for crop production, as well as the crop water footprint (WF) as an indicator
of sustainable water use. Whereas water use efficiency (WUE) (often referred to as water
productivity (WP)) typically refers to crops, indicating how much of a crop can be produced per
unit of water, the WF provides a measure of the amount of water used to produce crops, goods
or services. The WF can be expressed in different ways, for example, a litre of water used per
kg of crop produced (L/kg), or the litre of water used to produce a litre of wine (L/L). The WF
considers both direct and indirect water uses needed to produce a crop or product and is
sometimes expressed in its colour components: green, blue and grey: WFblue refers to water
“consumed” along the value chain of a product and water loss from a catchment, WFgreen
refers to rainwater evaporated or incorporated into a product and WFgrey reflects the volume of
freshwater that is required to dilute polluted freshwater along a product supply chain for this
water to meet the specified quality standards. The WF framework provides an opportunity to
evaluate the water used in the production of crop or product and an assessment of its
sustainability (environmentally and economically).

Motivation
Ongoing pressure on water initiated renewed discussions on the sustainable and efficient use of
water for crop production, as well as the crop WF as an indicator of sustainable water use. It
provides a measure of the amount of water used to produce crops or goods and can be
expressed in different ways. It considers both direct and indirect water uses needed to produce
a crop or product and are often expressed in its colour components: green, blue and grey which
are linked to different sources and uses of water. This study provided an opportunity to study the
WF of wine and table grapes produced in SA, considering thousands of grape fields located in
different production regions. The large spatial datasets on crop water use, large production
databases and lookup tables that were successfully used in the WF calculations illustrated how
large numbers of field level WF estimates can be integrated into a final product WF estimate,
capturing production and WFs variation related to a production unit (like a packhouse or cellar).
The research highlighted the complexities of investigating the WF of extensive areas involving
1000s of field records and explains why many WF studies often focus on single fields. The WF
results for the 2018–19 season provide a basis for future WF assessments of SA table grape
and wine production. A complimentary sustainability assessment and economic valuation will
add much value and provide context to the results. 

5. ACCUMULATED PROGRESS TABLE

Objectives Milestones (Significant event or stage in a project) Date
Achieved

Develop a method of
mapping table and wine
grape fields

Obtain test field data for mapping crops and delineating fields
Determine a methodology for mapping crops and delineating
fields
Test and refine the method

2020-03-30

Develop a method to Install additional sensors to monitor irrigation applied, and 2020-03-31
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derive irrigation amounts
from soil moisture and
other data

Obtain test field data, including soil moisture and irrigation
applied
Determine a methodology to extract the irrigation applied
from soil moisture and other data
Test and refine the method

Develop a method to
determine the grey
water footprint from
users’ databases

Obtain test field data
Determine a methodology for determining the grey water
footprint
Test and refine the method

2020-03-31

Develop a method to
upscale low spatial
resolution ET data

Obtain test datasets including high and low resolution spatial
ET data
Investigate a methodology to upscale low spatial resolution
ET data
Test and refine the method

2020-03-31

Develop a framework for
integrating various
datasets to simplify
water footprint analysis

Conceptualise the framework 2020-03-31

Apply the
conceptualised model to
estimate the water
footprint for wine grapes
and products

Select scenarios for WF assessments
Obtain all datasets required
Determine WFs for a selected number of scenarios
Propose a final framework

2020-03-31

6. WORKPLAN (MATERIALS AND METHODS)

A WFA, as per the Global WF Standard (GWFS) approach applied in this project, typically
consists of four distinct phases: (a) setting the scope and goal(s) of the assessment; (b)
collecting data and performing the actual WF calculations; (c) performing a sustainability
assessment where the WFA is evaluated from an environmental, economic and social
perspective; and (d) formulating response options and strategies. This research focused on the
first two aspects and was designed to be executed in two phases. The two main phases
included a (1) WFA method development phase where historical data were used, and (2) WFA
method application where data for the 2018/19 season were used.
Case studies: Due to the extent of grape cultivation in SA across multiple provinces and the
data requirements to perform a WFA, a WFA was only done for selected case studies for the
table and grape industries. The case studies were designed in consultation with the table grape
and wine industries. Case studies were only undertaken in three production regions each for the
table grape and wine industries. For wine, the Coastal, Breede River Valley and Olifants River
Valley regions were used, and for table grapes, the Berg River Valley, Hex River Valley and
Olifants River Valley regions were included. The WFs of table grapes and wine were calculated
at packhouse level and cellar level for table grapes and wine respectively. For table grapes, the
WFs were expressed as water use per kilogram of table grapes produced. The estimates are
also shown in water use per 4.5 kg carton equivalent of table grapes produced, for industry
reference. The WF of table grapes calculations include all direct water uses from grape
production in the vineyard up to the packing of grapes in the packhouse, but prior to final cool
storage. It includes WFgreen, WFblue and WFgrey at field level and WFblue at packhouse level.
WFgrey at packhouse level was not considered. For wine, the WFs are expressed as water use
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per litre of wine produced. For knowledge dissemination to the public, the WF values were also
converted and are shown as water use per 750 mL bottle of wine produced. The WF of wine
considered all direct water uses from grape production in the vineyard up to the winemaking
process, but prior to bottling. This includes WFgreen, WFblue and WFgrey at field level and
WFblue and WFgrey at cellar level. The WF of wine was only determined for producer cellars.
The WF of table grapes focussed on grapes produced conventionally, i.e. not under nets. The
GWFS approach was used as the basis for developing our improved methodology for WFA. The
use of RS-derived information and large datasets formed a major focus of this study.
Data used: Multiple datasets, captured in both spatial and non-spatial formats, were considered
and include information on: table and wine grape production as well as wine production; position
of fields considered in the study (i.e. field boundaries); field or block-specific information (e.g.
block size, cultivar, rootstock, trellis system, planting date and planting density); spatial ET from
various sources; rainfall data; field level chemical spray and fertiliser records; packhouse and
cellar water use; and water quality records for cellars and the environment. The period under
consideration for the WF estimation spanned 1 August 2018 to 31 July 2019 and data was
sourced for this period.
The green, blue and grey water use (WUgreen, WUblue, WUgrey) at field level were first
calculated whereafter the respective water use values were divided by the production data (yield
in t/ha) to give field level WF values. In very simple terms, the field level WUgreen (or ETgreen)
was calculated from (monthly) spatial FruitLook evapotranspiration (ET) and effective rainfall
(Peff) data, summed to annual totals. The field level WUblue (annual total) consisted of two
components, which were calculated in two steps: (a) as the difference between the annual ET
and annual total WUgreen or ETgreen; and (b) from typical chemical spray applications at farm
level (summarised in a lookup table), determined by the production region the field is situated in,
the cultivar considered as well as the size of the field in hectares. The WUgrey was calculated
considering fertiliser chemical components or pollutants (summarised in a lookup table),
production classes and region and the size of the field. The WU estimates were converted to
field level WFgreen, WFblue and WFgrey estimates, using the field-specific grape production or
crop yield data. The field level WFtotal, in turn, was calculated as the sum of these respective
WF components.
 In order to provide the complete WF estimate at packhouse and cellar levels, the WF (based on
blue and grey WU) at this production level was added to the field level WFtotal. Only the
WUblue contribution was considered for table grapes (based on observations), but for wine at
cellar level, both the WFblue (based on actual observations) and WUgrey (based on a lookup
table) were included.

For detailed information see: Jarmain C., Avenant E, Van Niekerk A, Stephenson G,
Mohlotsane M, Muller J, Vermeulen D, Jordaan H, Prins A, Poblete-Echeverría C and
Spies C. 2020. Water Footprint As An Indicator Of Sustainable Table And Wine Grape
Production. Water Research Commission. WRC Report 2710/1/20. ISBN
978-0-6392-0151-1. 

THIS COMPLETE REPORT SUBMITTED TO THE WATER RESEARCH COMMISSION (WRC)
CAN BE ACCESSED HERE:
https://drive.google.com/file/d/1HVQK9fTm3XDsib0dLGl033ho2LwuhTPm/view?usp=shar
ing
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7. RESULTS AND DISCUSSIONS

This study determined the WF of table grapes and wine produced in three important production
regions, all situated in the WC of SA. The potential of integrating large spatial datasets with
large production databases and lookup tables for use in the WF calculations were explored and
illustrated. This provided a novel approach for determining the WF of table grapes and wines,
accounting for all the water use components (blue, green and grey) considered across the
production process (field and packhouse or cellar).
Research aspects showed the progress made in using RS data to delineate field boundaries, in
crop type mapping and to determine whether nets are present. It highlights the challenges still
faced in applying these activities operationally. It also highlighted research into the impact of
nets on crop water use. It further collated participants’ information and industry
recommendations pertaining to field level chemical spray and fertiliser application into lookup
tables for use in the WFblue and WFgrey calculations.
In collating the data required for WFA of table grapes and wine, the main challenge faced was
the lack of easily accessible data required for the WF calculations. This challenge explained
why few studies of this nature have been conducted successfully in SA and for the table grape
and wine industries and why the existing studies focussed on single or few fields.
Systems to manage wine grape and wine production are available to customers only and
currently do not contain a full spatial dimension, therefore making integration with RS datasets
tedious. As with all systems, the accuracy of the data captured in these systems is fully reliant
on the customers and to our knowledge, there are no inbuilt accuracy checks within these
systems. No single table grape data management system is used in SA; therefore, easy access
to production data is limited, which complicates data integration for multiple farms or
packhouses. Here too, the data do not have a spatial dimension and linking the field data to RS
data involves numerous steps and checks.
Despite increased pressure on available water in SA, the water use at field, farm and
packhouse level are still not widely measured, and therefore alternative approaches had to be
explored to come up with an estimate of WU in the production of grapes. Where WU data are
available, it will often include all uses for multiple fields or the entire farm. Therefore, the use of
spatial ET data and regional specific lookup tables derived as part of this project was explored,
with the latter providing a summary of valuable data.
Considering the above, this research highlighted the complexities of investigating the WF of
extensive areas involving thousands of field records in the case studies for table grapes and
wine production in SA. This explains why many WF studies, involving an entire production
process and all components contributing to the WF process, often focus on one or few fields.
The study results showed that a fast amount of new knowledge can be created using an
alternative and innovative approach of using large databases, RS data and lookup tables. It
further illustrates the large variations often present in WF estimates which is the direct result of
the wide range in production conditions encountered in SA.
 
Considering the WFtotal for table grapes, the following important observations were
made:
 

•  In this study, data from more than 200 cases were considered and represented the wide
range of production conditions typical of the Western Cape, including large production ranges
(up to 64 t/ha), a big number of cultivars, low annual rainfall (< 345 mm/yr) and a median
export fraction of 67% for the season 2018–19, representing a less than ideal production
season.
•  The WFtotal for table grapes showed the small or negligible contribution of the WFblue
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from the packhouse (< 1% or 0.76 L/kg) to the WFtotal; with the field level WFtotal therefore
contributing to 99% of the estimates. It is noted that this is in the absence of WFgrey at
packhouse level, which will contribute to the WFtotal.
•   The WFtotal for table grapes ranged between 500 and 714 L/kg, with a median value of
619 L/kg, considering the data from all areas. The highest WFtotal was calculated for grapes
produced in the Berg River Valley. The results reflect the fields and season studied.
•  Variation in the WFtotal was observed between cultivars. For the cultivars investigated in
more detail, the highest median WFtotal was calculated for Prime and the lowest for
Sugranineteen (Scarlotta Seedless®). These results reflect the fields and season studied.
•  For all areas studied, the WFblue (field level plus packhouse) contributed most to the
WFtotal (more than 70%). The WFgrey contributed to about 20% of the WFtotal.
•  The resultant WFtotal for table grapes directly reflects the fields considered in this study,
the conditions experienced during the 2018–19 season and the quality of the table grapes
produced during this season.
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Considering the WFtotal for wine, the following were important observations and
findings:
 

• The WFtotal of wine was calculated for three production regions of the WC and considered
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data from > 3 600 vineyards across these regions for the 2018–19 production season. The
data considered represented a wide range in production conditions – with wine grape yields
of up to 79 t/ha, data from 37 cultivars considered, a large range in age (2–100 yrs) and
rainfall in the production regions (61 to 608 mm/yr).
•  The median WFtotal for wine (field level plus cellar), considering the data from all areas,
was 863 L/L. The largest WFtotal for wine was calculated for the Coastal Region (1 325 L/L),
with the field level WU and WF contributing to 86% of the WFtotal of wine. The lowest
WFtotal for wine was for the Breede River Valley (641 L/L), with an 88% contribution from
field level WF to this estimate. The Olifants River Valley saw the greatest contribution of the
cellar level WFgrey to the WFtotal of wine at 21%. It should be noted that for the latter, the
cellar level WFgrey presents an estimated worst-case scenario or maximum value.
•  Wine grape yield strongly influenced the field level WFtotal for wine grapes and therefore
the WFtotal of wine. For wine grape production of < 5 t/ha, the field level WFtotal increased
exponentially to values higher than 1 600 L/kg.
•  Differences in the field level WFtotal were observed between cultivars. Of eight important
cultivars considered, the field level WFtotal was the highest for Cabernet Sauvignon (1 131
L/kg or 1 467 L/L) and the lowest for Colombar (345 L/kg or 450 L/L).
•  At the field level, the WFblue contributed greatly to the WFtotal of wine (> 83%), with a
larger contribution of the WFgreen in the Coastal Region (27%). The WFgrey was not
insignificant and contributed most in the Coastal region (19%).

•  Converting the WFtotal of wine to a 750 mL unit yielded a median value for all the fields
considered of 647 L of water for 750 mL of wine.
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For detailed information see: Jarmain C., Avenant E, Van Niekerk A, Stephenson G,
Mohlotsane M, Muller J, Vermeulen D, Jordaan H, Prins A, Poblete-Echeverría C and
Spies C. 2020. Water Footprint As An Indicator Of Sustainable Table And Wine Grape
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Production. Water Research Commission. WRC Report 2710/1/20. ISBN
978-0-6392-0151-1. 
THIS COMPLETE REPORT SUBMITTED TO THE WATER RESEARCH COMMISSION (WRC)
CAN BE ACCESSED HERE:
https://drive.google.com/file/d/1HVQK9fTm3XDsib0dLGl033ho2LwuhTPm/view?usp=shar
ing

8. CONCLUSIONS AND RECOMMENDATIONS

Conclusion
It can be concluded that this study successfully calculated the WF of table grapes and wine in
different production regions of the WC Province of SA using spatial data, large production
datasets and lookup tables, providing an innovative approach to WFA. This study was
completed despite the amended study scope and an earlier completion date. The result
illustrated successfully how large numbers of field level WF estimates can be integrated into a
final product WF estimates to show the range in production and WFs related to a production unit
like a table grape packhouse or wine cellar. The WF results for the 2018–19 season provide a
new and extensive knowledge base, which can be used to build onto in future WFA studies for
table grapes and wine production in SA.
 
Recommendations
General: This study successfully calculated the WF of table grapes and wine in different
production regions of the WC Province of SA using spatial data, large production datasets and
lookup tables. It illustrated how large numbers of field level WF estimates can be integrated into
a final product WF estimates to show the range in production and WFs related to a production
unit like a packhouse or cellar. Although the WF results provide a basis for future WF
assessments for table grapes and wine production, the WF results only provide insight into the
WF for the 2018–19 season and the specific fields considered.
 
WF benchmarking: To derive WF benchmarking values for both these industries and specific
production regions or cultivars, it is proposed that WFs are calculated for more production
seasons to account for the impact of climate variation and crop production responses to it. The
results from multi-seasonal estimates should be used to set benchmarking standards
considering industry and regional sustainability aspects.
 
Data contributions to the Water Footprint Assessment process: It is recommended that research
continues to improve the data inputs required for a WFA. This project demonstrated the value of
RS and Earth observation for WFAs. It is proposed that research into field boundary delineation,
crop type mapping and assessing the impact of nets used in crop production on available RS
data continues. Determining ETblue and ETgreen at field level with a high accuracy, across a
large scale and using RS, remains a research challenge. Models require parameterisation with
large amounts of field data that are not readily available. Future research on this topic should be
conducted. The grey water footprint calculated in this research is the first step towards gaining
insight into the impact of pollution associated with the production of table grapes and wine on
the water resource in the selected study areas. Further research is required to obtain more
accurate leaching fractions of the soil in the fields in the study areas under consideration in
order to get more accurate pollution levels for calculating the grey water footprint. Further
research is also required into the impact of certain actions (such as water purification) as a
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response strategy to decrease the WFgrey at wine cellars.
 
Sustainability assessment: While calculating the WF is an important step of the WFA process,
further research is required to assess the degree of sustainability with which the resources are
used in table grape and wine production from an environmental, economic and social
perspective. Research into environmental sustainability is required to determine whether
enough water is available to meet environmental flow requirements after the water was used for
table grape and wine production. From an economic perspective, economic water productivities
must be explored to determine the economic returns from the use of freshwater to produce table
grapes and wine in the selected regions. From a social perspective, equitable access to the
scarce resource is crucial and needs to be ensured.

9. PLANNED OUTPUTS

a) TECHNOLOGY DEVELOPMENT, PRODUCTS AND PATENTS
Not applicable.

b) SUGGESTIONS FOR TECHNOLOGY TRANSFER

Infographics have been generated summarising the table grape and wine WF results from this
research separately. These can be used to disseminate the results to the industry.
However, due to the complexity of the study and the potential sensitivity within the wine industry
to the results, it is proposed that the results be disseminated through a presentation by a team
member, to allow the industry to ask questions about the project approach and allow clarification
of the results.

c) HUMAN RESOURCES DEVELOPMENT / TRAINING (STUDENTS)

Student Name and
Surname

Student
Nationality

Degree (eg Hons,
MSc)

Level of studies in
final year of project

Total Bursary Cost
for Industry for
entire project

Honours

Ms Anandi Theunissen South African MSc Agric Grade 12 R 30000

Masters

Ms Rozanne Mouton South African MSc GeoInformatics BSc (Hons)
GeoInformatics R 30000

Ms Mashoto Mahlo South African MSc Agric BSc Agric R 30000

PhD

Pascalina Mohlotsane South African PhD Agricultural
Economics MSc Agric R 60000

Postdocs
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d) LIKELY PUBLICATIONS (POPULAR, PRESS RELEASES, SCIENTIFIC)
No scientific publications were produced during this project.

The following popular articles were published:

For the wine industry an article was published in Afrikaans in the Winetech Tegnies (January
2019 in the Winetech Tegnies: Watervoetspoor van Druiwe en Wyn.). An English version of this
article is available online in the WineLand magazine and can be downloaded from
https://www.wineland.co.za/water-footprint-of-grapes-and-wine/.

For the table grape industry an article appeared in the SA Fruit Journal (SAFJ in Feb/Mar 2019).
It can be downloaded from:
https://www.safj.co.za/wp-content/uploads/2019/02/safj-sa-fruit-journal-feb-march-2019.pdf.

e) PRESENTATIONS/PAPERS THAT COULD BE DELIVERED
In December 2019, an abstract was submitted to and accepted by the International Symposium
on Climate-Resilient Agri-Environmental Systems (IS-CRAES), with the title ‘Water Footprint As
A Sustainability Indicator For Table And Wine Grape Production’. ISCRAES was due to take
place from 19-22 May 2020 in Dublin, Republic of Ireland. This meeting has now been
rescheduled for November 2020.

10. PROJECT OUTCOME AND IMPACT

New Knowledge Benefits Supply
Chain

Direct Grower
Application

Direct
Packhouse/Winery/
Cellar Application

Other

X X X

Other is:

The Value of the project to industry

New knowledge on WF of wine was generated, showing the impact of the wide range of
production conditions on a WF. This new methodology using large databases and remote
sensing data, provides a basis for future WF assessments of SA table grape and wine
production.
It provides opportunities for viticulturists and production managers to assess the contribution of
individual fields WF to the total cellar WF.
Results could be used to market a cellar and repeat WF assessments over time can provide a
useful tool to analyse the change/improvements in production.
Provides opportunities to assess WF further in terms of economics and environmental impacts. 
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11. PERSONS PARTICIPATING IN THE PROJECT:

INITIALS AND SURNAME
HIGHEST

QUALIFICATI
ON

RACE
(M,W)

GENDER
(M,F)

INSTITUTE
DEPARTM POSITION TOTAL COST

TO PROJECT

RESEARCH PERSONNEL R 660000

C Poblete-Echeverria PhD W M SUN CO R 108000

C Jarmain PhD W F Private PL R 184000

C Spies BSc W M SUN CO R 72000

A van Niekerk PhD W M SUN CO R 240000

H Jordaan PhD W M UFS CO R 56000

SUPPORT PERSONNEL R 0

POSITION: Co = Co-worker (other researcher at your institution)
Coll = Collaborator (participating researcher that does not receive funding for this project from industry)
PF = Post-doctoral fellow
PL = Project leader
RA = Research assistant
TA = Technical assistant/ technician

12. TOTAL COST OF PROJECT

TOTAL
ANNUAL
COSTS (ALL
YEARS)

CFPA DFTS HORTGRO SATI WINETECH ARC OTHER TOTAL

2015 R 0 R 0 R 0 R 0 R 0 R 0 R 0 R 0

2016 R 0 R 0 R 0 R 0 R 0 R 0 R 0 R 0

2017 R 0 R 0 R 0 R 0 R 301000 R 0 R 277600 R 578600

2018 R 0 R 0 R 0 R 0 R 353000 R 0 R 859600 R 1212600

2019 R 0 R 0 R 0 R 0 R 336000 R 0 R 1000720 R 1336720

2020 R 0 R 0 R 0 R 0 R 0 R 0 R 0 R 0

TOTAL R 0 R 0 R 0 R 0 R 990000 R 0 R 2137920 R 3127920
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