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Foreword 
With climate change posing challenges across 
the Australian economy, the environmental 
impacts of agricultural production are front of 
mind for both farmers and consumers.

However assessment of those impacts can 
be problematic, as highlighted in recent 
Farm Policy Journal articles and AFI research 
projects. 

This Occasional Paper by Aaron Simmons 
and David Perovic of the NSW Department 
of Primary Industries discusses the use of 
environmental footprints in context of the 
Australian dairy industry. These footprints 
can be misleading when used to influence 
consumer attitudes, they write. The paper 
covers some of the difficulties of using 
Life Cycle Assessment, which estimates 
the environmental footprints of existing 
production. ‘Consequential’ LCA is now 
becoming recommended best practice for next 
steps in LCA development, because of the 
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issues the authors highlight in the somewhat 
simplistic implementation of LCAs to date. 
For example, we know that the water footprint 
of almond milk is substantially higher than 
dairy, and a consequential LCA would pick 
this up. 

The main benefit of estimating the 
consequences of a potential change, they 
note, is to assess the risk of burden shifting 
(i.e. when a reduction in the environmental 
impacts in one location/system are transferred 
to another location/system). 

While this paper does not delve into the 
complexities of assessing the entire costs of 
changing production systems, AFI is pleased 
to present this work as an introduction to a 
much-needed area of research.

Richard Heath 
Executive Director, Australian Farm Institute 
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Executive summary
The production of dairy products is associated 
with environmental impacts, and these impacts 
have resulted in calls within the popular media 
to reduce dairy consumption for the benefit 
of the environment (e.g. Carrington, 2018; 
Eating Better, 2020). Impacts of current 
production are estimated by environmental 
footprints; the use of environmental footprints, 
however, can be misleading when used to 
influence consumer attitudes. Instead, the 
consequences of a proposed change need to 
be estimated by including the market effects of 
the proposed change. For example, to estimate 
the consequences of a reduction in Australian 
dairy production, we would need to consider 
the impacts of increasing the production of 
‘functional equivalents’, products that would 
replace milk, butter, cheese, meat and other 
animal products that currently come from 
diary systems. In addition, an estimation of 
the consequences of a reduction in dairy 
production would also need to include the 
impacts of the commodities that would be then 
grown using the land and water that is made 
available once dairy production declines. 

Assessing environmental 
impacts
The calculation of environmental impacts 
associated with the production of dairy 
products has to-date been assessed through 
attributional life cycle assessment (i.e. 
a retrospective analysis using life cycle 
assessment that estimates the environmental 
footprints of existing production). Using 
environmental footprints to inform consumer 
decisions, or to develop policies that affect 
the demand of a product, can be misleading 
(Plevin et al., 2013; Perry, 2014). This is 
because attributional analyses do not consider 
the consequences of changes in production 
(e.g. how reduced dairy consumption may 
interact with market forces). Consequential life 
cycle assessment (CLCA) on the other hand 
is a prospective analysis that aims to predict 
the environmental impacts that would need 
to occur if the production of a commodity 
changes. Research has demonstrated that 
reducing the (attributional) footprints of 
Australian agricultural commodities may not 
lead to reduced environmental impacts. For 

example, Simmons et al. (2020) showed that 
the (attributional) carbon footprint (CF) of 
Australian wheat production increased when 
additional N fertiliser was applied to close the 
yield gap. Yet, the consequence of increasing 
N fertiliser applications would actually result 
in a reduction in GHG emissions at a global 
scale because the associated increase in 
yield per hectare would negate the need for 
additional land to be made available for wheat 
production, while meeting increasing global 
demand for wheat production. A similar study 
(Wiedemann et al., 2018) for Merino wool 
showed that GHG emissions would be 47% 
lower, compared to the CF of current Merino 
wool production, by increasing, not decreasing 
wool production. Despite mounting evidence 
to support the notion that using footprints to 
inform decisions may be misleading, they are 
still used to support consumer choice. The 
Higg Material Sustainability Index, developed 
by the Sustainable Apparel Coalition, guides 
consumer choices for materials used in apparel 
based on footprints, and the European Union 
is implementing a Product Environmental 
Footprint scheme to allow consumers to 
compare the relative impacts of their potential 
choices. 

Impacts of existing dairy 
production
The emission of greenhouse gases (GHG) 
from, and use of water by, dairies means 
that the carbon and water footprints of dairy 
products are already relatively well studied. 
Gollnow et al. (2014) reported that the 
CF of fat and protein corrected milk from 
Australian dairies was on average 1.11 kg 
CO2e l -1. Similar studies for the CF of dairy 
production have been conducted in other 
jurisdictions (Vergé et al., 2013; Vasilaki et 
al., 2016), and other studies have compared 
the CF of different dairy production systems 
(Henriksson et al., 2011; O’Brien et al., 2014). 
Dairy production is also associated with water 
use for watering livestock, irrigation of pasture 
and fodder crops, and for washing the dairy 
after milking. This has led to studies estimating 
the water footprint (WF) of Australian 
dairy production (Ridoutt et al., 2010) and 
comparing the WF of different dairy systems 
(Palhares & Pezzopane, 2015). While the 
environmental footprints of dairy products 
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may be high relative to other foods, an analysis 
of the consequences of a change to Australian 
dairy production is yet to be done.  

The difference between the environmental 
footprint of dairy production – as assessed by 
attributional analysis – and the environmental 
consequences of a change in dairy production 
occurs because a change in the demand for 
a product induces market effects. Being a 
retrospective analysis, a footprint does not 
consider the market effects that may occur 
when demand for a product increases or 
decreases. Market effects occur whether there 
is an increase or decrease in demand but 
for the present discussion we will focus on a 
decrease, as that is the change to Australian 
dairy production that is assumed to result in 
environmental benefits. 

The need to include substitutes 
of dairy production
One key market effect that would occur in 
response to a decline in demand for dairy 
products, and would therefore be included 
in a CLCA, is the replacement of the dairy 
products with a functional equivalent. For 
example, people that stop drinking cow’s 
milk often replace that milk with a functional 
equivalent (e.g. soy milk). Hence, the first 
step in assessing the consequences of ceasing, 
or reducing, dairy production is to include 
the impacts of producing the functional 
equivalent for consumption. The impacts of 
producing a substitute product are potentially 
quite substantial. For example, it would take 
the production of an additional 310 kt of 
soybeans to replace the ~ 2.5 billion litres of 
drinking milk sold in Australia annually. If 
the environmental impacts associated with 
the production of the functionally equivalent 
product, in this case the production of soy 
milk, are greater than the impacts associated 
with the production of the dairy product, then 
the environmental consequence of substituting 
the dairy product with the functional 
equivalent is undoubtedly negative. It is not 
just the impacts of replacing the product of 
interest, however, that needs to be included 
in an analysis, co-products of a system also 
need to be considered. In the case of dairy 
production this means not only considering 
functional equivalents of milk, but also 

including replacements for butter, cheese, and 
cream as well as meat and associated animal 
products. If we consider that the Australian 
dairy industry has ~ 2.5 million head of cattle 
and that each dairy cow either produces a calf 
or is culled for age, then ceasing Australian 
dairy production would leave a considerable 
gap in Australian beef supply. 

Marginal production
Importantly, it is insufficient to use the 
environmental footprint of current production 
of the functional equivalent to assess the 
consequences of changes in co-production. 
This is because increasing the demand for a 
functional equivalent will induce marginal 
production (i.e. new production that occurs 
in response to an increase in demand) and 
the environmental impacts of marginally 
produced products can differ to current 
production. The work by Wiedemann et al. 
(2018), mention above for Merino wool 
production, is an excellent example of how 
the impacts of marginal production can differ 
from average production. Another excellent 
example of how the environmental impacts 
of marginal production can differ to current 
production is the production of electricity. 
BREE (2014) forecasts that the proportion 
of electricity generated by renewable energy 
sources that are associated with relatively low 
GHG emissions will increase for the future 
Australian energy mix. As such, we can expect 
electricity supplied from marginal sources to 
be associated with far lower GHG emissions 
than electricity drawn from the current grid, 
which has a greater proportion of fossil fuel 
generated electricity (Lund et al., 2010). 

Transfer of natural resources
Another key market effect is the transfer of 
natural resources (i.e. the natural resources 
that were used for dairy production changing 
to a different commodity once dairy products 
declines). The irrigation water, for example, 
that was previously used by a dairy would not 
be returned to the river (i.e. ceasing irrigated 
dairy production would not automatically 
increase water available). Rather, the 
irrigation water would be re-directed to the 
most profitable crop, which, at the time of 
writing, is undoubtedly almond production. 
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Agricultural land is another key resource used 
in dairy production and it is highly unlikely 
that the land used for dairy production would 
be abandoned if dairy production ceased. 
Instead, the land would be used to produce 
an alternative commodity (e.g. crops or red 
meat) and the environmental impacts of 
the production that commodity on the land 
would also need to be included when assessing 
the consequences of a reduction in dairy 
production. 

Shifting of environmental 
burdens
The main purpose of estimating the 
consequences of a potential change is to assess 
the risk of burden shifting. Burden shifting 
is when a reduction in the environmental 
impacts in one location result in an increase 
in environmental impacts in another location. 
Organic agricultural production has a low 
environmental footprint due to the low inputs 
into organic systems. The lower inputs of 
organic agricultural systems, however, mean 
that they have lower yields than conventional 
agricultural systems (Seufert et al., 2012). 
Smith et al. (2019) considered this when they 
assessed the climate change consequences of 
the entirety of England and Wales attempting 
to source all their food requirements from 
organic production systems only. They found 
that doing so would require an additional 
~6 million ha of land, which would shift the 
burden of food production to other countries 
outside England and Wales. Further, because 
the global supply of agricultural land is already 
constrained, grasslands and forests would 
need to be converted to agricultural land to 
maintain food supply; impacts not necessarily 
considered in a footprint. Burden shifting 
has also occurred in forestry. Meyfroidt 
et al. (2010) showed that countries that 
had experienced reforestation had shifted 
the burdens of agricultural production to 
other countries. The resulting deforestation 
associated with the need to produce 

agricultural products elsewhere meant that the 
equivalent to 75% of new reforested areas was 
lost in other countries, greatly reducing the 
net gain in global forest area and associated 
environmental benefits. These examples clearly 
show the need to use CLCA to assess the 
potential of burden shifting when assessing the 
consequences of a change in production for an 
agricultural commodity, such as dairy, and the 
existing agricultural lands it utilises.

Conclusions
Environmentalists have called for a reduction 
in dairy consumption in order to improve 
the condition of our environment, and these 
calls have been made based primarily on the 
carbon and water footprints of dairy. It is 
highly unlikely that the expected reductions 
in the environmental impacts associated with 
reduced dairy production (i.e. a reduction 
equivalent to the carbon footprint of a litre 
of milk multiplied by the number of litres of 
milk no longer produced) would occur. As 
demonstrated above, this overly simplistic 
view, provided by footprints, is flawed because 
it does not consider the consequences of 
reducing Australian dairy production. This 
highlights two key points. The first is that an 
assessment of the water and climate change 
consequences of production changes for dairy 
is required. Such assessments, while complex, 
will fill this critical knowledge gap in a timely 
manner and should, therefore, be a priority 
for the industry. The second point is that 
the myriad of changes that would occur if 
dairy production were to be reduced, means 
that the environmental footprint of current 
dairy production and the consequences of 
a change in Australian dairy production are 
likely to differ. It is critical, therefore, that 
the carbon and water footprints of existing 
dairy production are not used to develop 
environmental policy or influence consumer 
decisions, these require consequential analysis, 
including consideration of burden shifting.
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