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Abstract
Water scarcity  is the expected  to be prevalent issue at global scale due to increased population , 
pollution of the  existing  water resources  and climate change.   Due to large  water footprint from 
agricultural sector  in Australia , water scarcity is going to be more serious  in near future .  
Australian water footprint in different sectors is much higher comparing with the worldwide 
average water footprint.  However,  water  foo tprint study  o n Australia n agricultural products  is 
limited.   This research provides detailed  investigation on  the water footprint for Australian 
agricultural practices.  Three  agricultural  crop s  (wheat, oats ,  and cotton)  which are widely used 
in Australia is selected as a case study  for water footprint calculation .   As th ese  crops  are  the 
highest water consumer in Australia, they were selected in this  paper.   The e stimation of water 
footprint is performed for green , blue ,  and grey water separately  for two different crops year: 
2017-2018 and 2018-2019 .  The  analysis of the study suggests that  green water footprint 
prevails the highest water footprint  and grey water footprint is the least  in  the  agricultural 
sector for the selected crops .   It  i s also observed that w ater footprint var ies  with time due to 
aggravated climate change .  The study will expedite to enhance the current knowledge on blue 
water footprint adopting integrated adaptive management strategy for the conservation of our 
blue water resources.   It is obvious to consider the water footprint at the strategic level  to reduce 
the water pressure.  Further details analysis is  recommended to other crops and state levels 
throughout the country.



INTRODUCTION
Although water is the fund amental requirements for the sustenance of lives,  exponential 
population growth and exacerbated climate change  leads to the water scarcity around the world. 
Most of the water system around the world has been stressed due to the frequently changed 
consumption and production patterns human beings  (Ridoutt and Pfister 2010) .  Therefore, the 
importance of sustainable uses of our  current  water resources ha s been emphasised by many 
researchers  (Mekonnen and Hoekstra 2016) .  Consequently, efficient ,  and appropriate uses of 
water in the agricultural sector should be accentuated to combat with scarcity. 

The  current trend on water scarcity is further aggravated  from the climate change, that leads to 
the excessive evaporation from  water bodies.   On the other hand,  food and agricultural 
organisation ( FAO )  reported that  the global water withdrawal  for agricultural sector will be 
increased by 11% from 2006 to 2050   (Tariq et al. 2020) .   Agricultural sector is the largest water 
consumer sector  comparing with any other sectors   (WWAP 2019) . Agricultural products are 
the  highest water footprint contributor all around the world   (Ercin and Hoekstra 2014) .   In 
Australia, a pproximately 60% of total water is used by the agricultural practices.  As  it is 
difficult to predict Australian water availability, different  models have been proposed to 
forecast rainfall   (Hossain et al. 2018a; Hossain et al. 2018b; Hossain et al. 2020) .   Frequently  
occurrence of  increased  extreme  climate   variability   (Yilmaz et al. 2014; Hossain et al. 2021a; 
Khastagir et al. 2021)  questioned the uses of linear and non-linear model s in predicting 
freshwater resources.  On the other hand ,  in efficient management of the  existing water resources 
leads to the  overall water shortages.  Therefore, detailed analysis of water footprint for 
individual crops are essential to trigger out the water security problem.

Estimation of water footprint has the potential to reduce water consumption in the supply chain   
(WFPN 2011) . Water footprint can be adopted for the sustainable uses of our water resources 
and maintaining global water security.  Two main approaches are commonly used for the 
assessment of water footprint: water footprint assessment (WFA)  established  by  Hoekstra et al. 
(2011)  and  International Organization for Standardization (ISO)  method developed based on 
ISO 14046:2014  (ISO 14046 2014) .  The  WFA developed by  Hoekstra et al. (2011)  is a simple 
volumetric expression of water consumption by a product. The method assesses the quantity of 
water consumed by a product in the supply chain. There are three components of water footprint 
in the WFA: blue water footprint, green water footprint and grey water footprint. Water diverted 
directly from the sources and used for a product is called blue water footprint of that product.  
Blue water is the water supplied by the farmer as irrigation.  Green water footprint is the water  
required for a product without withdrawing from the source. The water stored in the soil or 
coming from precipitation is considered as the green water. The amount of fresh water used to 
assimilate the pollutant loads in attaining the water quality standard is the grey water footprint   
(Hoekstra et al. 2011) .  In the ISO method, the potential environmental impacts arising from the 
uses of water during the whole life cycle of a product is estimated integrating the environmental 
mechanisms.

Although  both methods   (Hoekstra et al. ; ISO 14046)   can be adopted, the growing demand for 
regional assessment was identified  due to the challenges faced for assessing the water footprint .   
Despite the existence of global documents for water footprint assessment, there is lack of 
literature in Australia.  Previous study  (Hossain et al. 2021b)  shows that few crops should be 
imported due to excessive water footprint.  However, the footprint study for Australian crops is 
limited and the study consider only ten Australian crops.  In addition,  the availability and use 



of  green water  resource  is ignored  at the state or municipal level water account   (Nouri et al. 
2019) .  The objective of the present study is to stimulate the knowledge of the previous study on 
water footprint for one of the thirstiest crops. The main aim is to identify whether the crop 
should be grown in Australia.  The research will also help national and local government to 
identify the impact of the crop s  on the water system.  Consequently,  it will  facilitate  to 
implement   i ntegrated adaptive management scheme  for the protection of our blue water  
resources.

MATERIALS AND METHODS
To determine the state of the knowledge on water footprint for Australian agricultural crops, 
information is gathered from multiple sources, e.g., reports, scientific articles, project report,  
government website, university, and institute websites etc. Initial focus was on the study 
regarding the water footprint assessment for Australian crops. As not much effort on Australian 
crops water footprint calculation was found, the search was broadened to include studies all 
over the world.

Water footprint calculation  is performed using the methods provided in the water footprint 
assessment manual develop by  Hoekstra et al. (2011) .  Detailed analysis of water footprint 
estimation is performed for three crops (wheat, oats ,  and cotton), which are  the highest water 
consumer crops in Australia.  For these crops, three components (green, blue and grey) of the 
water footprint  were  calculated separately.  Total water footprint was calculated a ccording to 
Equation 1:
(WF)Total = (WF)Green + (WF)Blue + (WF)Grey (1)

Where,  (WF)Total is the total water footprint,  (WF)Green is the green water footprint,  (WF)Blue is the 
blue water footprint and (WF)Grey is the grey water footprint.

As different crops grow in different  regions,  no data  for comparison  is available  in the national 
water account database  in Australia .  Crops data for this study was collected from  Australian 
Bureau of Statistics   (ABS 2019; ABS 2021) .  Evapotranspiration data were collected from   
(Agriculture Victoria 2019).

RESULTS AND DISCUSSIONS
Estimation of water footprint  for the selected Australian crops are performed for  crop years:  
2017-2018 and 2018-2019.  The results of the  water footprint for the crops are shown in Figure 
1.  It is clear from Figure 1 that  the component of green water footprint  is the highest for all the 
selected crops, whereas grey water  footprint  compo nent is the least.  This may be due to the 
higher evapotranspiration rate during the growing months. At the middle of the growing season 
(November to February), the evapotranspiration rate is higher. The nine months (growing 
season) variation of evapotranspiration for Victoria is shown in Figure 2. As green water 
footprint is reflecting the reference evapotranspiration and crop coefficient, the green water 
footprint was higher. Nevertheless, the rate varies with crops and seasons due to diverse 
growing patterns in the changing climate.
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Figure 1. Water footprint for selected Australian crops
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Figure 2. Evaporation in grown months in Victoria

The percentage s  of water footprint  for each of the components for the selected crops are shown 
in Table 1.  The outcomes are shown separately for each of the  crop years.  It is evidenced from 
Table 1 that  more than 80% of the  water footprint for the selected crops are green water footprint, 
whereas the grey water footprint is below 2%.

Table 1. Percentage of water footprint components

Year 2017-2018 2018-2019

Crops WFGreen WFBlue WFGrey WFGreen WFBlue WFGrey

Wheat 82.45% 15.97% 1.58% 81.06% 17.44% 1.50%

Oat 81.68% 16.67% 1.65% 80.25% 18.19% 1.56%



Cotton 58.67% 40.39% 0.94% 89.79% 8.83% 1.38%

It should be noted that  the estimation of water footprint  in this paper  was performed for the 
whole crop growing season.  However, the freshwater availability  in Australia is volatile due 
to  annual,  seasonal ,  and monthly fluctuation  of the weather pattern.  Therefore,  alternative crops  
suitable with the climatic condition  can be  deemed after comprehensive evaluation .  
Nevertheless , monthly estimation  of  crops  water footprint will have the potential  to combat with 
the fluctuating climate.

CONCLUSIONS AND RECOMMENDATIONS
Investigation on the agricultural crops water footprint study  has the prospective to  assist  region 
wise appropriate crop production.  In Australia, it is feasible to  reduce the water consumption  
from agricultural practices from the water footprint studies.  However,  selection of appropriate 
crop species plays an important role in  determining the accurate water footprint. This paper  
illustrates  the  estimation of water footprint for  the three crops, which are the highest water 
consumer in Australia.  The analysis  of the study suggest that green water footprint  is the highest 
and grey water footprint is the lower component  of water footprint for the selected crops.  Due 
the impact of anthropogenic climate change, water footprint varies with  crop seasons.  This 
research explored the water footprint for three  highest water consumer crops. Further stud ies  on 
the  major Australian crops are recommended.   Impacts associated with the over-use of water in 
the agricultural sector should be the future research direction.   Regional estimation of water 
footprint for agricultural crops  could  have the potential to  explore  the true picture   of water 
footprint for the country.
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