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Abstract: Dietary change has been suggested as a key strategy to maintain food security, improve
health and reduce environmental impacts in the face of rising populations, resource scarcity and
climate change impacts, particularly in developed countries. This paper presents findings from a
quantitative modelling analysis of food availability and environmental implications of shifting the
current average Australian dietary pattern to one of two alternative, healthy dietary patterns, the
‘healthy mixed diet’, with a mixture of animal and plant foods, and the ‘healthy plant-based diet’,
with only plant foods. Both were constructed in accordance with the Australian Dietary Guideline
recommendations, and four sustainability principles: Avoiding over-consumption, reducing intake
of discretionary foods, reducing animal products, and reducing food waste. It was assumed that
all food was provided domestically where possible, and export of foods only occurred when there
was a surplus to domestic requirements. The authors compared the impacts of each dietary pattern
on direct food availability, water use, land use, greenhouse gas emissions, fuel and energy use and
fertiliser use. The plant-based diet had the best overall environmental and direct food availability
outcomes, however had key vulnerabilities in terms of fertiliser and cropping land availability. For
the agricultural sector overall, changes in diet had little effect on environmental impact due to
the amount and nature of Australian exports, indicating that changes to production methods are
also necessary. Likewise, changing diets had little effect on the existing environmentally intensive
Australian economy, indicating that changes to other sectors are also necessary.

Keywords: healthy and sustainable diets; nutrition; environment; food security; agriculture

1. Introduction

Concerns regarding threats to future food security are well documented [1,2]. Globally the
population is expected to reach nine billion by 2050, and already, the food system is failing to meet the
nutrition needs of hundreds of millions of people [2,3]. Furthermore, there is a growing concern that
dietary consumption patterns in high-income countries, and emerging trends in dietary patterns in

Sustainability 2019, 11, 7124; doi:10.3390/su11247124 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0002-7621-254X
https://orcid.org/0000-0003-3249-7747
https://orcid.org/0000-0001-7002-8349
https://orcid.org/0000-0001-6899-3983
http://dx.doi.org/10.3390/su11247124
http://www.mdpi.com/journal/sustainability
https://www.mdpi.com/2071-1050/11/24/7124?type=check_update&version=2


Sustainability 2019, 11, 7124 2 of 27

developing countries are not only unhealthy but also environmentally unsustainable, to the extent that
they will exceed planetary boundaries and hinder food production in the future [4,5].

Developing healthy, fair and environmentally sustainable food systems will be essential if the
United Nation’s Sustainable Development Goals (SDGs) are to be achieved. This realisation has
prompted researchers around the world, including Australia, to look more closely at foods and dietary
patterns that are both healthy and sustainable and that contribute to the mitigation of climate change.
Most frequently, studies have reported that reducing animal products in the diet and replacing them
with plant-based foods has the greatest impact [6–11]. Studies have also reported that decreasing
energy intake in line with recommended levels, as well as decreasing the consumption of discretionary
or ‘ultra-processed’ foods, is important for both health and environmental sustainability [12–14].
Finally, in order to ensure that resources are being used in the most efficient way possible to meet
health needs, it is also important to reduce food waste [15].

Although the majority of studies have reported that healthy diets are also sustainable diets [14,
16–18], some studies have identified discrepancies [19,20]. Vieux et al. [20] argue that without calorie
reduction, substituting animal products with plant-based foods is of no benefit to the environment
due to the large amount of fruits and vegetables needed to make up for the calorie shortfall. The
sustainability and nutritional value of the diet will depend on specific food choices within food groups
and must also consider how the food was produced (i.e., farming method), geographic region, transport
method and growing conditions.

Most recently, the release of the EAT Lancet Commission report represents the culmination of
many of these research threads [21]. This major study integrated scientific targets for healthy diets and
sustainable food systems into a common framework to define a safe operating space for food systems.
The aim was to enable the assessment of which diets and food production practices will help ensure
that the UN Sustainable Development Goals (SDGs) and Paris Agreement are achieved. A universal
healthy reference ’planetary diet’ was developed to provide a basis for estimating the health and
environmental effects of adopting an alternative diet compared to standard current diets. The reference
diet is particularly low in meat products, as a result, the transformation to such a diet would require
substantial dietary shifts. The reference diet has generated significant criticisms based on the low
meat recommendations from both a health and environmental perspectives, particularly around its
feasibility for different countries and regions [22]. This indicates that further regional or national
focused research into food availability, healthy and sustainable diets, and food systems sustainability
is needed to complement, contextualise or potentially challenge these global scale recommendations.

Australia is widely considered to have a high level of food security. Food production exceeds
the local demand [23] and 60% of agricultural production (by volume) is exported [24]. As a
high-income country, it is generally assumed that Australia will always be able to import whatever
foods are needed [25] to protect food security. There are, however, significant potential threats to
Australia’s long-term food security, including both import and export capabilities. These include
climate change [26,27], land degradation [28], water scarcity [29], oil and fertiliser dependence [30],
competition for agricultural land from other sectors [27,31], foreign land ownership [27,31] and
economic factors such as accelerating international debt [29]. In light of recent political events in the
USA and UK and a move towards more protectionist policies, the ability of Australia to maintain
direct food availability is becoming increasingly topical [32]. Direct food availability is a measure of
the resilience of the Australian food system and refers to the ability to produce the food required to
meet the nutritional needs of the population from within Australia’s borders, but does not imply ‘food
security’ as it does not consider factors such as access, stability and utilisation.

Previously the authors have reported the findings from their analysis of ‘The Path We’re On’
(TPWO) scenario, a representation of the current ‘average’ Australian diet that was developed drawing
on food consumption data derived from the Australian 2011/12 National Nutrition and Physical
Activity Survey (NNPAS) [33]. It was found that the current food consumption trends in Australia are
environmentally unsustainable, unhealthy and costly. Results also showed that Australia is already



Sustainability 2019, 11, 7124 3 of 27

heavily reliant on imports of seafood, and by 2040 may also be reliant on imports of some major
agricultural commodities such as nuts and dairy due to increased domestic demand and factors
impacting food production such as climate change, land degradation and finite limits on resources.
This has implications for other countries with limited domestic production capacity or high domestic
demand that depend on Australian food exports, such as Japan, China and Indonesia [34,35]. More
importantly, it has implications for feeding a growing domestic population in an increasingly food
insecure world, subject to global food system shocks that may disrupt food supply chains and inflate
food prices.

Other studies have investigated limited aspects of alternative diet scenarios in the Australian and
other regional or national contexts. Hendrie et al. [14] modelled different diets in Australia and found
that a healthy diet had 25% lower greenhouse gas emissions (GHGEs). Ridoutt et al. [32] examined
a conventional and healthy diet scenario from a nutritional balance and import reliance perspective
based on linear projections for national agricultural production. Blackstone et al. [36] investigated the
environmental impacts of different recommended healthy dietary patterns in the US context. As of yet,
however, no study has investigated both multiple environmental impacts and direct food availability
implications of alternative diets based on more complex, non-linear agricultural production projections
at a national or regional level, which is necessary to give a more comprehensive picture of food,
sustainability and health issues.

This paper builds on previous work by investigating the direct food availability and environmental
implications of implementing strategies that shift Australia’s current dietary pattern to one or other of
two healthier dietary patterns, a ‘mixed’ diet consisting of a mixture of animal and plant foods, and a
‘plant-based’ diet containing only plant foods. The Australian Stocks and Flows Framework (ASFF) [37]
was used to model the different scenarios allowing trade-offs between different sustainability indicators
and structural change to be explored, argued as necessary in improving food system assessment by
Hadjikakou et al. [38]. First, the overall consumption volume and composition were calculated for each
diet (Section 3). Then, the possibility of achieving ‘direct food availability’ was examined (Section 4).
Multiple environmental impacts of changes to domestic food consumption and total agricultural
production (for both domestic consumption and for export) were then calculated and compared for
each diet scenario (Section 5). Finally, these findings were discussed in terms of local and global food
security, sustainability and resilience. It is intended that the findings from this research will help
inform decision-making for future nutrition policies and interventions to help promote healthy and
sustainable diets in Australia.

2. Interdisciplinary Scenario Modelling Methodology

Scenario modelling can be a powerful tool to explore potential futures, consider how combinations
of key trends and uncertainties could lead to different outcomes, and inform strategic choices and
action [39]. In scenario modelling, qualitative scenarios are first created from which trends, policy
positions and assumptions are then translated into quantitative scenario settings for a model to enable
computational analysis of relationships and outcomes. These settings include both trends whose future
impacts are relatively certain, and uncertainties or forces of change whose impact is unpredictable. The
trends are incorporated across all scenarios, while the uncertainties provide the points of difference
between them. Proposing several alternative scenarios underlines that there is not one pathway into
the future. Most scenarios are described in their extremes, thus underlining the different variables
and their relation to each other. In reality, the most feasible future pathway will be some combination
of these.

Assessments of food systems are increasingly using scenario modelling to explore multiple
possible futures for food security [32,40]. In some cases, however, this method has been criticised as
too simplistic and techno-optimistic when applied to complex global food system issues [41]. At a
national level, however, they can provide a quantitative evidence base for further research as part of a
socio-technological-ecological approach to addressing food security and food system issues.
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In this study, the authors have drawn on the qualitative TPWO scenario and associated
cross-sectoral quantitative settings [33] and used the Australian Stock and Flows Framework (ASFF)
to model different diet scenarios. ASFF is a dynamic scenario modelling platform designed to
comprehensively assess Australian environmental sustainability challenges and identify tensions
that arise from competing demands on resources within Australia [37]. Common trends across
scenarios include population growth, climate change impacts and agricultural efficiency improvements.
The points of difference include diet composition, particularly the reduction of animal products,
discretionary foods and over-consumption above energy requirements based on recommendations
from Friel et al. [12], as well as a reduction of food waste.

In the scenarios, it is assumed that there are no changes to long-term trends in how agricultural
production occurs. This simplifying assumption enables the examination of only the effects of dietary
change in the context of population and environmental change. Therefore, these scenarios and results
are considered to be ‘intermediate’, only limited changes have been implemented and there is no
attempt to address any wider set of ‘tensions’ (e.g., oil or water deficits). They provide an opportunity
to review the model outputs where comparison of cause-and-effect is clearer. From these intermediate
scenarios, more comprehensive scenarios will be developed that seek to address the wider set of
tensions and explore how further improvements could be made.

It should also be noted that the scenarios modelled in this paper were developed from the
best available data at the time but rely heavily on educated assumptions regarding the nature of
technological progress, resource use intensities, consumption patterns and policy pathways. It is also
acknowledged that the assumption of all food being supplied domestically is not in line with current
trade arrangements and trajectories. Therefore, the scenarios should not be regarded as predictions,
but rather explorations of potential futures and the quantitative results should be used as a starting
point for further, more nuanced policy development as discussed in Section 6.

3. Domestic Food Consumption

3.1. Methods for Diet Pattern Construction

The baseline TPWO diet pattern and the two alternative diet patterns were constructed based on
varying data and assumptions. Although the TPWO scenario methods and results have been discussed
in more detail by Turner et al. [33], they have been included, and in some cases expanded, in this study
as a reference against which consumption quantities and resource usage over time relative to that of
healthy (alternative) diets could be compared.

In the TPWO scenario, initial consumption quantities were determined using data from the
recent National Nutrition and Physical Activity Survey (NNPAS). Food consumption rates were then
projected to remain relatively stable or increase marginally for many foods, based on a combination of
historical consumption trends and increasing obesity trends.

The alternative diet patterns were developed based on dietary behaviour changes highlighted by
Friel et al. [12] as priorities to shift the population’s current consumption pattern towards a healthy
and sustainable pattern. These are:

(i) avoid consuming beyond energy requirements to reduce the health burden resulting from
excessive energy intake and the environmental burden resulting from additional greenhouse gas
emissions, non-essential use of natural resources and pressure on biodiversity;

(ii) decrease the consumption of discretionary foods, which typically are energy-dense, nutrient-poor
and highly processed and packaged, to reduce both the risk of dietary imbalances and the
non-essential use of environmental resources, and

(iii) consume less animal and more plant-derived foods to deliver health and environmental benefits.

An additional behaviour, reducing food waste, has been widely recognised as potentially
having a significant environmental impact [15] and as a necessary part of food system sustainability
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assessment [38]. It has been added as a fourth behaviour change for this investigation (referred to
hereafter as iv).

These dietary behaviour changes were applied to construct two alternative healthy diet patterns
that could be modelled and compared to each other and to the TPWO diet. These diets were:

• Healthy mixed (HM) diet (includes meat, eggs and dairy, dairy components are aggregated);
• Healthy plant-based (HPB) diet (dairy substitute can be generated from cereals, rice or legumes,

but is assumed to be legume-based, volume allows for 90% water content)

Both alternative diets were constructed in accordance with the recommendations of the Australian
Dietary Guidelines [42] and specifically with food group serving amounts, variety and balance
consistent with those prescribed for different age, gender and lifestage population groups. The
breakdown of foods within each alternative diet was determined based on the method established by
Larsen et al. [43]. Since it was not feasible to model every food that could belong to each food group,
one food was selected from each one to represent that food group. The exception to this was for the
meat, fish, poultry, eggs, nuts, legumes and fish group due to the diversity of different foods in this
group and that they could be of either plant or animal origin. To account for this diversity, a ‘hybrid’
serve was constructed for this food group. The weighting was based on the proportion of each of the
most consumed foods from within this group as reported in the NNPAS, similar to the approach taken
by Ridoutt et al. [32].

It is recognised that the selection of just one food to represent certain food groups is a significant
limitation. In other studies that have modelled different dietary patterns, it is not clear how specific
foods were chosen, as most present diet profiles based on food groups [32,44]. This dietary guideline
‘foundation’ approach to developing alternative diet patterns was considered to be the best available
approach within given time and resource constraints and considering the objectives of the study.
Nutritional adequacy was achieved because dietary guidelines were followed, albeit with a narrow
variety of foods, and dietary behaviour changes related to avoiding overconsumption (i) and reducing
consumption of discretionary foods (ii) above could be enacted. The particular food chosen to represent
the fruit, vegetable, grains and rice food groups would not result in any difference in calculation of
environmental impacts because each food in each food group is assumed to have the same impact
within a given food group.

For each alternative healthy diet per capita consumption does not increase over time as it does in
TPWO. Dietary behaviour change (iii) then became the point of difference between the two alternate
diets. Whereas the HM diet satisfied two of the three priority behaviour changes, the HPB diet
satisfied all three priority behaviour changes. Much of the criticism of the EAT Lancet diet centred
around the low levels of meat products. By modelling two alternative diets, one with animal products
and one without, and comparing them to the current diet, it is possible to explore differences in
environmental pressures between healthy and unhealthy omnivore diets, and healthy diets with or
without animal products.

When modelled, the shift from the average diet to each healthy diet was phased in over 10 years,
from 2025 to 2035. In this time waste from food consumption (i.e., household and retail food waste)
was assumed to reduce by 50%, thus satisfying (iv) and in line with SDG target 12.3. This target is
ambitious but is supported by results from on-ground projects in Melbourne [45].

3.2. Results: Consumption Overall and by Food Type

Figure 1a shows the average amount of food eaten per person per day for different food groups
according to the diet profiles of the current TPWO diet and the two alternative healthy diets. These
figures do not include food waste which would add an extra 50% to overall per capita consumption in
the TPWO diet scenario and 25% to overall consumption in both of the healthy diet scenarios (with
varying percentages across each food group).
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Figure 1. (a) Food eaten per capita, by the Australian Stocks and Flows Framework (ASFF) food types,
for ‘The Path We’re On’ (TPWO) scenario (based on current consumption data), and the alternative
healthy diets (healthy mixed (HM) or healthy plant-based (HPB)). (Note: The water component of dairy
substitutes (e.g., soy drinks) is excluded in consumption of legumes in the HPB diet). (b) Aggregate
food consumed per capita. (For comparison of totals, the HPB diet total consumption includes water
incorporated in dairy substitutes).

Substantial changes are evident between the diet patterns. The TPWO diet profile is clearly
high in sugar consumption, it is the fifth highest category and the amount is higher than any of the
protein food types, while both healthy diet profiles have significantly higher vegetable, fruit and cereal
proportions. Even though most food types showed minor increases in consumption rates over the
scenario period for the TPWO diet pattern (though there are declines in rice, fruit, beef and eggs) [33],
the higher requirements of vegetables, fruits, nuts, cereals, and dairy (or grain equivalent meant that
the total food consumed in the healthy diets per capita is higher than TPWO diet (Figure 1b).

Overall consumption of food by volume, from the combination of population multiplied by
food consumed per capita, grows in TPWO and the alternative diets scenarios (Figure 2). In the two
healthy diets, overall consumption exceeds consumption in TPWO. Although the difference between
the healthy diets and TPWO is reduced if consumption wastage is halved, overall consumption
remains higher. Evidently, population growth (moderate and identical across these scenarios) drives
longer-term growth in overall consumption volumes.

While aggregate food consumption is similar across the scenarios, there are substantial differences
in consumption volumes of crop and livestock products (Figure 3). In particular, the volume of
vegetables required approximately doubles in both healthy diet patterns compared with TPWO. In the
HM diet, the volume of dairy required is increased by almost 100%, while the HPB diet results in a
ten-fold increase in legume volume.
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Figure 3. Breakdown of the volume of food consumed by the ASFF food types, stacked (or cumulative),
for the (a) The Path We’re On scenario, and the alternative healthy diets based on (b) crop and animal
products, and (c) crop products only.

4. Direct Food Availability and Food Trade: Net Imports Relative to Production

To enable the comparison of environmental impacts and resource costs of producing these diets,
the authors first tested whether the full dietary requirements could be met within Australia, while
also identifying where future export or import tensions might arise. This was done by re-allocating
productive areas from food types in surplus to domestic requirements to address deficits in others,
with the aim to achieve ‘direct food availability’.

4.1. Method

Once the new diets were applied, crop areas and livestock numbers were re-allocated in both
scenarios with the objective of ensuring that production at least satisfies domestic consumption
(effectively minimising net imports). Land was only re-allocated to meet domestic needs, not to reduce
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production to a required level. For example, if land was not needed for legume production, it keeps
producing beef and that beef is exported. The actual production of a particular food type is only
reduced if it is in excess and this enables land to be reallocated for use for other crop or animal products
that are in deficit (i.e., consumption higher than production, or imports greater than exports).

Any reallocation of land is constrained to occur in each Statistical Division (SD) (A
Statistical Division (SD) is an Australian Standard Geographical Classification (ASGC) defined
area which represents a large, general purpose, regional type geographic area. SDs represent
relatively homogeneous regions characterised by identifiable social and economic links between
the inhabitants and between the economic units within the region, under the unifying influence
of one or more major towns or cities. They consist of one or more statistical subdivisions
(SSDs) and cover, in aggregate, the whole of Australia without gaps or overlaps. They do
not cross State or Territory boundaries and are the largest statistical building blocks of States
and Territories. http://www.abs.gov.au/websitedbs/D3110124.NSF/f5c7b8fb229cf017ca256973001fecec/

53bbe9630b24d6f4ca256c3a000475b8!OpenDocument#Statistical%20Division%20(SD)) rather than on
national totals, to simulate increased production of particular crops being located in regions that are
likely suited to the production of that crop. Table A1 in the Appendix A describes the process used to
reallocate land for these intermediate scenarios, with a general description of the logic/assumptions
underlying each step and outlines how changes to specific input variables were made.

4.1.1. Cropping Activity

The TPWO scenario sees an initial increase in total cropping activity (Figure 4a,b) up to 2050. This
is primarily due to the fact that crop yields per hectare decrease over time due to the combined effects
of climate change and land degradation [33]. Cropping activity for animal feed (sown pasture, hay,
silage), cereals, sugar, legumes, fruit and vegetables reach constant values from 2050 onwards. This is
due to agricultural land expansion reaching limits in each SD where the specific cropping activity is
occurring, which has implications for direct food availability and export capability (see Section 4.2.1).
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An increase in cropping activity also occurs in the alternative diet scenarios, however, the land
reallocation causes the total area to be split across crops differently as seen in Figure 4. For both healthy
diets, there are area decreases in sugar cane, cereals (excluding rice) and sown pasture (the decrease is
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more significant in the HPB diet scenario compared to the HM diet scenario). This is important because
it makes land suitable for cropping available to produce other crops such as fruit and vegetables
without reaching land availability limits. Substantial increases occur in cropping activity for fruit and
vegetables in both healthy diets, and in legumes and nuts in the HPB diet scenario. This is partly due
to increases in domestic consumption but also due to significant decreases in crop yields per hectare
(see [33] for more detail) as a result of runaway decreases in landscape function (i.e., land degradation)
after 2050 and climate impacts (despite modelled genetic improvements).

In some cases (e.g., nuts, vegetables and fruit in both healthy diets, and legume grain in the
HPB diet), land reallocation is unable to occur to meet domestic requirements. This is because the
reallocation is constrained to occur in each SD. Where suitable regions have insufficient extant cropland
for the calculated reallocation to occur, the national production of crops is still less than domestic
consumption. This is more pronounced in the early stages when the rate of diet change is greater than
the rate of land re-allocation but reduces over time to a steady amount as more land is re-allocated.

4.1.2. Livestock Numbers

Some livestock numbers, aggregated over Statistical Divisions to national totals (Figure 5), change
significantly following reallocation of crop and livestock production. Beef and sheep numbers are less
than TPWO in both alternative diets, to allow for sufficient production of other food types to achieve
direct food availability. Poultry numbers (aggregated over meat and egg birds) do increase, but not
significantly between scenarios (nb: Volatility in some of the scenario numbers results from a change in
crop production (for feed) due to randomness imposed for climate variation, see [33] for more details).
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(b) dairy and pigs.

In the HM diet, both pig and dairy numbers rise to meet domestic consumption of pork and dairy
products. The head of dairy cattle increases substantially, reversing the historical downward trend.
The increase in pig numbers over the longer term is high but not out of keeping with the historical
development. Due to the higher feed requirement of pigs and dairy, the decrease of beef and sheep
numbers exceeds the change in dairy and pig stock.

The HPB diet also results in lower beef and sheep numbers compared with TPWO (but not zero,
because although meat is not consumed in this scenario, it is assumed it is still produced for export).
The initial reduction occurs because the increase in crop production needed to supply plant-based foods
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was obtained through sacrifice of sown pasture (for beef and sheep grazing, with dairy quarantined),
after having attempted to re-allocate cropping activities within regions. The cattle numbers in the
HPB diet then rise again because beef production continues to follow the upward historical trend in
the model. The reduction of beef and sheep numbers in the HM diet is greater than the HPB diet
because of the need to supply dairy products (as well as pork and poultry), which place comparatively
higher demands on crops for feed and consequently require a greater sacrifice of sown pasture used
for beef and sheep, (i.e., in the HPB diet, not having to feed livestock in order to produce dairy, eggs
and meat for domestic consumption, relieves pressure on cropland area and therefore allows more
beef and sheep grazing for export). For the HPB diet other livestock numbers, such as dairy and pigs,
are lower than the HM diet, illustrating a trade-off between types of livestock. For these stock, the HPB
diet follows TPWO trajectory since no adjustment is made because no imports are required to satisfy
domestic food consumption in this diet.

4.2. Results

The metric used here to represent direct food availability is ‘net imports relative to production’.
Net imports are imports less exports, and these are positive if imports are greater than exports (lack
of direct food availability) and negative if exports are greater than imports (direct food availability).
Expressing these relative to production volume gives a measure of how much production would have
to change to address food availability, and it allows multiple food types to be easily compared. In
the graphs that make up Figure 6, above the line means consumption exceeds production and direct
food availability is not achieved, while below the line means that production exceeds consumption
and direct food availability is achieved. Figure 6 shows how the limits on overall cropping activity
shown above will impact on domestic food availability, but also how domestic consumption patterns
contribute to improving or worsening the situation.

Note, for seafood, the magnitude of the import requirement was generally so high that the relative
net import figures have been scaled down (by factors of 100 and 10) to show the data on a common scale.

4.2.1. The Path We’re On

In TPWO, many food crops display existing and/or increasing import reliance. This is more
evident on the 2060 timeframe compared with the 2040 horizon reported in the analysis of TPWO [33].
The results show that Australia is already reliant on imports for nuts and oil crops and look to be
reliant on imports of fruit by 2040 and rice and vegetables by 2055, with legumes and sugar likely
to shift into the import reliance category not long afterwards. Sharp turning points towards import
reliance for many of the abovementioned crops coincide with land availability limits being reached
across different cropping categories around 2050 (Figure 4). Without the possibility to bring more land
under cultivation, the trend moves very quickly towards import reliance. This acceleration is caused
by the combination of population increase, per capita consumption increases, and crop yield decreases
due to climate change impacts and land degradation. The previous study by Turner et al. [33] showed
that land degradation increases over time from 11% in 2020 to 17% by 2040.

Pork and dairy develop significant import reliance, with poultry and eggs following. This is
driven by increases in domestic consumption due to a combination of population growth and marginal
increases in per capita consumption. Seafood is absolutely insecure, Australia is completely reliant on
imports for seafood.
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4.2.2. Healthy mixed diet

This scenario effectively achieves direct food availability for crop and livestock products. Minor
decreases in cropping activity of broadacre crops make it possible to produce other crops necessary
for a healthy diet such as fruit and vegetables. The net situation diminishes over time, however,
particularly for livestock products. Competition for diminishing sources of animal feed means that
domestic consumption needs equal the number of animals that can be supported by 2060. Seafood
remains heavily import reliant, but at slightly lower levels than TPWO due to a lower wastage factor.

4.2.3. Healthy Plant-based Diet

This scenario effectively achieves direct food security in all food types, largely by avoiding any
consumption of livestock products or seafood and maintains significant export capabilities.
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5. Environmental Pressures of Different Diets

In this section, we report a number of simulated environmental pressures such as water, land, fuel
and fertiliser use, as well as GHG emissions, for the alternative diet scenarios compared with TPWO.
The outcomes presented include those that are directly attributable to domestic food consumption
(e.g., the water used in agriculture if production exactly matched domestic consumption) and those
that are attributable to overall domestic agricultural production, including food produced for export.
These results are also compared to those for the whole economy to provide important context for the
changes achieved.

This section does not include a discussion of fish stocks. Although sustainable and resilient
supplies of fish and seafood are essential for a healthy diet, the fishing industry has little or no demand
for resources such as land, water, fuel and fertiliser compared to the production of other foods. As
shown in Section 4.2.1 and Figure 6, Australia is also largely dependent on imported seafood, the
environmental impacts of which are considered to be outside the scope of this paper.

5.1. Method

The core model of the ASFF calculates the resources used by commodity for the agricultural
sector, including those required to produce exports, so the figures for overall agricultural production
could be extracted directly. To calculate the resources required to meet domestic food consumption,
however, it was necessary to determine the proportion of agricultural production that is consumed as
food by the population and the subsequent proportion of overall resources required. This was done by
determining a domestic consumption factor.

For each diet, the food consumption per capita for each food type was determined according to
the diet profiles shown in Figure 1a. These were then multiplied by the national population to get
total domestic food consumption (Figure 3). For each food type within each diet, the total domestic
consumption was divided by the total production to determine the domestic consumption factor. This
factor was then multiplied by the total resource use for each food type to determine the proportion
attributable to domestic consumption.

Both processes (for domestic consumption and agricultural production) calculate the resources
required and emissions generated to produce food (including livestock farming, livestock feed and
crops), as well as the emissions produced from the disposal of food waste. It does not include the
resources used in other parts of the food system such as food processing, distribution and household
preparation. Water figures also take into account only irrigation water that is used to grow crops and
animal feed as well as drinking water for animals, commonly referred to as ‘blue’ water. ‘Green’ water,
the water that falls directly onto crops as rain, is not included because it is not tracked in Australia’s
water accounts.

5.2. Results

5.2.1. Water Use for Domestic Consumption for Different Diets

Water use directly attributed to food consumption is consistently lowest in the TPWO scenario
and highest in the HM diet (Figure 7a).
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Figure 7. Water use for different diet scenarios for (a) domestic food consumption and agriculture and
(b) across the entire economy.

Figure 8 shows that the HM diet scenario has the highest water use. This can be attributed to
increased beef and dairy consumption but is a result of dynamics related to per capita consumption
trends, population increases and climate change impacts. Per capita consumption of beef begins as
higher in the TPWO diet compared to the HM diet (see Figure 1a) but decreases over time according
to historical trends in ASFF (see Figure 4 in [33]). This is in line with population data that indicates
a reduction in beef consumption and an increase in consumption of chicken and seafood since the
1970s [46]. Data from the most recent national nutrition survey indicate that in Australia, chicken
continues to be consumed more commonly than beef [34]. This moderates the overall increase in beef
consumption due to a higher population and leads to total beef consumption in the TPWO diet being
less than in the HM diet, where the per capita consumption remains constant.
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Figure 8. Water use for domestic food consumption by food type for (a) TPWO scenario; (b) healthy
mixed diet scenario and (c) healthy plant-based diet scenario.

Dairy and vegetable consumption are almost double in the HM diet compared to the TPWO.
These combined account for the rest of the extra water required for the HM diet.

Although the HPB diet has no beef and dairy, the overall water use is higher than TPWO because
of the high proportion of water-intensive foods such as nuts and vegetables. To ensure nutritional
adequacy, the HPB diet also contained a high proportion of legumes (as plant-based alternatives to
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meat and dairy). Compared to other vegetables and nuts, legumes are less water-intensive to produce
and therefore, do not feature in Figure 8c.

5.2.2. Water Use for Agricultural Production for Different Diet Scenarios

The healthy plant-based (HPB) diet scenario produces the highest water use by agriculture and
across the whole economy (Figure 7a,b). This high water use is a result of a doubling in crop irrigation,
more than offsetting a small drop in water due to a reduction in domestic consumption of livestock
products (Figure 9c). The water used in production above that attributed to consumption is effectively
embodied in exports (nb: There are also relatively minor differences in water use across the scenarios
in food processing and recycling.) It is clear in Figure 9c that the increased water use for crop irrigation
in the HPB diet compared to TPWO (Figure 9a) is primarily attributed to the production of nuts to
satisfy protein requirements for domestic consumption.

1 
 

Figure 8 

 

Figure 9 

Figure 11 

Figure 12 

Figure 9. Water use by food type based on domestic production for different diet scenarios (a) The Path
We’re On, (b) healthy mixed diet, (c) healthy-plant-based diet.

The healthy mixed (HM) diet results in marginally higher agricultural water use compared
to TPWO (Figure 7a). Over time, water use associated with food consumption for this diet trends
towards the total agricultural water use, because as the population increases, food production becomes
increasingly dedicated to meeting domestic needs with little left for export.

The additional water use in the HM diet (above that of the TPWO diet) is due to dairy and
vegetable production (Figure 9b). The increase in water use for these two food types is driven by higher
per capita consumption domestically, amplified by increases in water-use intensities for production
due to climate change impacts implemented across all scenarios.

Overall, both healthy diet scenarios require more water for domestic consumption and production
compared to the TPWO scenario, so they could be considered less sustainable in terms of water use.
However, although water use for agriculture accounts for between 30–40% of the total water use across
the economy, the maximum difference in water use between the HM diet and the HPB diet scenarios
compared to the TPWO diet for consumption and production is less than 10% of total water use across
the economy.

5.2.3. Land Use for Domestic Consumption across Different Diets

The HPB diet has the lowest land use for domestic consumption and the HM diet has the highest
over the long term by a significant margin (Figure 10). The TPWO diet uses approximately 75% of the
land used in the HM scenario.
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Figure 10. Land use for different diet scenarios for (a) domestic food consumption and total agricultural
production, and (b) native pastureland.

The significantly lower land use in the HPB diet scenario is due to the lack of beef consumption,
which dominates the overall land use for the other diets (+75%) due to the extensive farming methods
practiced in Australia (Figure 11). Likewise, land use for the HM diet is higher than the TPWO diet
due to higher beef consumption (see Section 5.2.1 for further explanation).
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Figure 12 Figure 11. Land use by food type for domestic consumption for different diet scenarios for (a) The Path
We’re On, (b) healthy mixed diet, (c) healthy plant-based diet.

Figure 10b shows a significant ‘freeing up’ of native pasture land for agricultural production
overall in the HM diet scenario. This is because the feed requirements for pigs and chickens (to meet
direct food availability requirements, explained in Section 4.2.1) reduce the number of cattle and sheep
that can be supported. In Australia, beef cattle are initially raised on native pasture but then ‘grain
finished’. If there is not sufficient grain available for this to happen, cattle are effectively removed
from native pastureland within the model. Since this land is marginal and only suitable for extensive
grazing, it cannot be re-allocated for other forms of agriculture so remains unused in the HM diet
scenario. Similar to the results for water use, land use associated with food consumption for this diet
trends towards the total agricultural land use (Figure 9a), because as the population increases, food
production becomes increasingly dedicated to meeting domestic consumption needs with little left
for export.
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5.2.4. Land Use for Agricultural Production for Different Diet Scenarios

Although land use drops initially for each healthy diet scenario when different diets are introduced,
the overall agricultural land use then diverges significantly. As discussed in Section 5.2.3 and shown in
Figure 10a, agricultural land use for the HM diet scenario decreases due to competing demands for
animal feed and fewer cattle and sheep being able to be supported. Land use for the HPB diet does
the opposite and increases over time. Figure 12b,c shows that the difference in land use between the
HM and HPB diet scenarios is primarily due to beef production. Having a plant-based domestic diet
eliminates the necessity to feed pigs and chickens to meet direct food availability requirements, so
more cattle and sheep can be farmed for export and land use rises.

 

2 

 

Figure 14 

Figure15 

 

Figure 12. Land use by food type based on domestic agricultural production for different diet scenarios
(a) The Path We’re On, (b) healthy mixed diet, (c) healthy plant-based diet.

However, the number of cattle and sheep that could be supported in the HPB scenario will always
be less than in the TPWO scenario. Some cropland used to produce animal feed in the TPWO scenario
is diverted to produce food for human consumption to meet higher plant-based food requirements in
the HPB diet scenario. Similar to the decrease in land use for the HM diet scenario (but to a lesser
extent), this results in a reduction in overall agricultural land use because less cattle and sheep can be
supported and less native pasture area is required (Figure 10b) (see Section 5.2.3 for more detailed
explanation).

Although land condition in different regions does differ somewhat between the scenarios, the
national average yield loss due to degradation is effectively the same irrespective of the scenario. This
reflects that the majority of the cropping activities (cereals and sown pasture) are similar across the
scenarios (Figure 12) and that no regenerative practices have been implemented.

As stated in Section 2, the impacts of climate change are also common across all scenarios. This
is particularly important when looking at livestock production due to its dominance of agricultural
land use. Temperature rises increase heat stress on livestock so more land will be required to raise the
same number of animals. This increased land use intensity amplifies existing increases in production
required to meet consumption needs of a larger population.

5.2.5. Greenhouse Gas Emissions for Domestic Consumption Across Different Diets

Figure 13a shows that the HM diet generates higher emissions over time compared to the TPWO
diet, while the HPB diet generates less than TPWO for domestic food consumption.



Sustainability 2019, 11, 7124 17 of 27

 

4 

Figure 7 

 

 

Figure 3 

 

Figure 13 

 

Figure 13. Greenhouse gas emissions from (a) total agricultural production and food produced for
domestic consumption, and (b) total emissions across the economy, with agricultural share on right
hand side.

Emissions from agriculture are overwhelming dominated by process emissions (i.e., methane
emissions associated with enteric fermentation from ruminant livestock and nitrous oxide emissions
from cropping) compared with those attributed to fuel consumption. The process-based emissions
arise mostly from livestock and this largely explains the differences between the scenarios (Figure 14).
Consequently, emissions directly attributable to domestic food consumption are highest in the HM
followed by TPWO due to beef and dairy consumption and substantially less in the HPB diet scenario.
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Figure 14. Greenhouse gas emissions by food type for different diets based on domestic consumption
(a) The Path We’re On, (b) healthy mixed diet, (c) healthy plant-based diet.
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Based on the straight comparison of embodied emissions of different food types, these results
do not support the assumption that healthy diets are more sustainable diets in the Australian context
if the healthy diet includes livestock products. However, if the marginal land no longer used for
extensive grazing in the HM and HPB diets were to be repurposed for forestry to create carbon sinks,
for example, it may have a more favourable impact on emissions for the healthy diets. Likewise, if
methane emissions from cattle could be reduced or nitrous oxide emissions managed better. Although
efforts are being made to address these issues in agricultural research, exploration of these kinds in
interventions, however, is outside the scope of this study.

5.2.6. Greenhouse Gas Emissions from agricultural production for different diet scenarios

The alternative healthy diet scenarios show an initial drop in GHGE (CO2-eq) from agriculture,
but then all scenarios produce growth in emissions over time (Figure 13a). There are significant
differences between the scenarios, with the HM diet scenario leading to the lowest volume, and the
HPB diet producing somewhat less than TPWO.

GHGE trends for agricultural production in Figure 15 show that ruminant-based livestock farming
(cattle and sheep) makes a significant contribution to the total amount. Different percentages from
each type of ruminant farming occur across the scenarios depending on consumption patterns that
determine the number of livestock required to meet needs for dairy, beef and lamb.

 

2 
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Figure15 

 

Figure 15. Greenhouse gas emissions by food type for different diets based on domestic agricultural
production for different diet scenarios (a) The Path We’re On, (b) healthy mixed diet, (c) healthy
plant-based diet.

The production of cereal grain also makes a significant contribution to GHGEs. This is due to
emissions associated with nitrous oxide emissions from broadacre cropping.

Despite the differences in direct agricultural emissions (Figure 13a) and the fact that they are
historically a large component of overall emissions, the effect on future economy-wide emissions is
negligible (Figure 13b). This is because the scenarios see the projected growth in emissions from other
sectors that dominate the overall total emissions.

5.2.7. Fuel and Energy Use across Different Diet Scenarios for Domestic Consumption and
Agricultural Production

This section focuses on fuel and energy use for production only and does not include fuel use for
transport or for the production of fossil fuel-based fertilisers. Fuel use for transport is only a small
percentage of overall use and there is also insufficient data to determine if food transport is for domestic
consumption or for export.

The only significant difference in energy/fuel use between the scenarios is when use is attributed
directly to domestic food consumption, in which case the plant-based diet results in the lowest use of
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energy, while the mixed diet is somewhat higher than TPWO (Figure 16). Fuel use is mainly attributed
to cropping activity, but a large proportion of crops produced in the HM diet are for animal feed, so
higher fuel use is linked to the consumption of livestock products. Both HPB and TPWO diets have
lower or no animal products, so fuel use is lower compared to the HM diet.
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Figure 16. Energy use by (a) agriculture and the attribution to Australian food consumption and (b)
total primary fuel use across the economy, with agricultural share on right hand side.

Although fuel use from agricultural production is not significant compared to fuel use across the
rest of the economy, it is essential. Fuel is required to power tractors and other machinery, which, unlike
other fuel usage for stationary energy generation across the economy, cannot easily be substituted
with renewable alternatives. Australia agricultural production is heavily reliant on fossil-fuel-based
fertilisers [30]. It also depends on imports for over half of the oil it consumes, making the agricultural
sector very vulnerable to rising oil costs [47]. Any future fluctuations could be detrimental to the
sustainability and resilience of agricultural production.

5.2.8. Fertiliser Use across Different Diet Scenarios for Domestic Consumption and Agricultural
Production

Both alternative healthy diets result in higher fertiliser use than TPWO, with the plant-based diet
yielding the greatest dependence (Figure 17a). Higher fertiliser use in the HM and HPB diet scenarios
is primarily due to the fact that more fertiliser-intensive crops such as vegetables and fruit, as well
as nuts in the HPB scenario, are being produced for domestic consumption (Figure 17b), although it
is mitigated somewhat by decreases in sugar production. The sharp upward trend after 2050 can be
directly linked to the runaway land degradation discussed in Section 4.2.1. The leveling out of the
curve for overall agricultural production in the TPWO scenario around 2050 (Figure 17a) is due to
limits to agricultural land availability being reached.
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6. Discussion

Tables 1 and 2 show a comparative summary of the results from each stage of this study. Aspects
such as diet composition, aggregate food consumption, and direct food availability from each alternative
diet scenario are qualified in comparison to the TPWO diet scenario in Table 1. Resource use, greenhouse
gas emissions, fuel use and fertilizer use from each alternative diet scenario are qualified in comparison
to the TPWO diet scenario, the total agricultural sector and the total economy in Table 2. These aspects
are then discussed further below.

Table 1. Comparison of diet composition, aggregate food consumption and direct food availability.

HM Compared to TPWO HPB Compared to TPWO

Amount of meat in diet Lower No meat
Amount of dairy in diet Higher No dairy

Amount of non-livestock products Higher Much higher
Direct food availability Higher Higher

Table 2. Comparison of HM and HPB scenarios to TPWO for resource use, GHG emissions, fuel use
and fertilizer use based on domestic consumption, total agricultural production and total economy.

Domestic Consumption Total Agricultural Sector Total Economy

HM HPB HM HPB HM HPB

Water use Higher Higher Higher Higher Comparable Higher
Land Use Higher Lower Lower Lower - -

GHG emissions Higher Lower Lower Lower Comparable Comparable
Energy use Higher Lower Higher Equal Higher Equal

Fertiliser use Higher Higher Higher Higher - -

6.1. Environmental Pressures of Domestic Food Consumption

When looking at the environmental footprint of domestic consumption only, it was found that
moving from the current (TPWO) to an alternative healthy mixed (HM) diet had negative environmental
impacts for four out of the five environmental variables considered (water and land use, GHG emissions
and fuel use). However, moving to the HPB diet showed significant positive environmental impacts for
three of the five variables (land use, GHGEs and fuel use) and comparable water use with the current
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TPWO diet. These results support the findings of Aleksandrowicz et al. [48] that plant-based diets are
the most effective in reducing land use and GHGEs, and that reductions in environmental impacts of
diets are generally proportional to the amount that animal products were restricted rather than its
‘healthiness’. However, they do not support the results for GHGEs from another Australian study by
Hendrie et al. [14], which found that a healthy mixed diet had 25% lower GHG emissions compared to
a ‘current norm’ diet. The discrepancy can be explained by the fact that the ‘current norm’ diet was
based on the results of the 1995 Nutritional Nutrition Survey, which had higher red meat consumption
that the TPWO diet in this study due to a historical trend of decreasing red meat consumption. They
also do not support the findings of Vieux et al. [20] who found that substituting animal products with
plant-based foods is of no benefit to the environment due to the large amount of fruits and vegetables
needed to make up the calorie shortfall. The discrepancy can be explained by the fact that in this study
animal products were largely substituted with legumes, rather than a mix of fruit and vegetables as
was done by Vieux et al., which have a lower carbon footprint.

The environmental footprint estimate for this study was conservative as it was based on production
only and did not include food processing or transport. Research indicates that land and water use
for food processing are relatively small compared to agricultural resource use, around 2% of water
use [49] and insignificant land use. It is difficult to isolate the GHGEs associated with food processing
because much of the indirect emissions are accounted for in other sectors (such as emissions associated
with electricity and other stationary energy generation). This could be a point of difference in GHGE
footprint between diets with more processed foods and those without, however, there is no data
available to enable isolation of food processing emissions. Although fuel use and GHGEs associated
with transporting food may be significant, again no data is available that separates food transport
from other forms of transport. These are recognised as limitations of this study and an area for
further research.

6.2. Direct Food Availability

Direct food availability and subsequent export capability are affected not by whether the diet is
healthy or not, but whether it includes animal products. For this reason, the HPB diet has the best
result in terms of long-term direct food availability (self-sufficiency) and export capability, which has
implications for Australia’s future resilience and that of other countries reliant on Australia’s exports,
adding an extra dimension to the ‘healthy and sustainable’ debate. With such a low environmental
impact, there are ample resources available to produce enough food for the Australian population
from within national borders, including highly perishable food such as fruit and vegetables, with some
leftover for export. This would potentially reduce Australia’s vulnerability to disruptions in global
food supply and rises in global food prices. By maintaining sufficient export capability, rises in global
food prices and increased demand may even be advantageous for the Australian economy. In the
context of a downturn in the mining industry’s contribution to the economy [50] and already having
established strong demands for its food exports, food production may contribute more significantly to
GDP than it does now. Having land available, outside of which is required to feed the population,
is also important when considering the need to protect and increase biodiversity. Increasing and
maintaining biodiversity has many benefits for agricultural production such as pest control, reduced
reliance on outside resources such as imported feed and chemical fertilisers, and crop pollination [51],
further increasing Australia’s future food system resilience.

One area of vulnerability for the HPB diet, and any healthy diet prescribing increased fruit and
vegetable intake is available land suitable for intensive cropping. Turner et al. [33] found that the
combined effects of climate change and land degradation would reduce the average yield per hectare
for vegetables from 19 t/ha in 2020 to 15 t/ha in 2060, with the effects becoming more pronounced over
longer time frames. This would mean that by 2060, 27% more land would be required to produce
the same amount of food even without any increase in population. Since much of the land suitable
for intensive cropping is on the outskirts of cities, where there is intense competition for land from
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other sectors such as housing, this factor poses a serious problem for direct food availability and has
implications for urban planning policy.

Another related area of vulnerability in the HPB diet scenario is increasing fertiliser dependence
due to industrialised farming methods, nutrient-poor soils and land degradation in Australia. Rising
global demand and diminishing reserves of finite resources required to produce fertilisers mean that
many may not be either affordable or available in the future. This combined with the low availability
of arable land suggests that methods need to be employed to reduce fertiliser dependence, address
land degradation, improve biodiversity, and maintain productivity, such as agro-ecological farming
methods such as polyculture farming (the planting of two or more crops in the same field at the same
time, see [52]) and crop-livestock integration (also known as crop-pasture rotation systems). Expert
studies of the global context have recommended moving to more agro-ecological production methods
to ensure future food security [53,54]. Research worldwide and in Australia specifically has also shown
that agro-ecological practices had positive environmental and economic benefits [55,56].

This is a ‘minimalist’ approach to securing a healthy diet in the sense that the authors only explore
the implications of the population eating a healthy diet that is able to be supplied domestically (“direct
food availability”). This, along with continued production of excess for export where possible, may
still result in production or environmental pressures that are unsustainable. Subsequently, greater
interventions can be explored in more complex scenarios that aim to achieve wider objectives, such as
relieving environmental pressures (“indirect food availability”).

6.3. Environmental Pressures in the Context of the Total Agricultural Sector

When looking at the environmental impact of the total agricultural sector, the changes attributable
to changes in domestic consumption are generally dwarfed by the national agricultural totals because
the rest of the agricultural land is still considered productive and significant surplus is exported. The
difference between the food consumption components and the agricultural production reflects the
resource use or environmental pressure due to (net) exports of agricultural commodities, some of which
are particularly resource and GHGE intensive such as beef. To actually achieve significant resource
or environmental improvements in the agricultural sector would require healthy diet strategies to be
complemented with consideration of changes to both trade and domestic production. In addition to
this, they would also depend on how any ‘freed up’ land was managed. When looking at the bigger
picture, it becomes clear that domestic consumption behaviour is only one piece of the puzzle.

6.4. Environmental Pressures in the Context of the Total Australian Economy

In terms of environmental impact on the overall physical economy in Australia, changes to the
national diet have an even smaller affect. The results suggest that changes in diet account for less than
10% and 1% of overall water and fuel use respectively, and between 1–3% of GHGEs, meaning that
the majority of resource use and emission generation in these areas is attributable to other sectors.
This indicates that along with dietary change, it will be necessary to intervene at significant points
in other sectors to reduce environmental resource use across the Australian physical economy and
mitigate greenhouse gas emissions. Based on national emissions figures from 2016 [57], emissions
from electricity generation account for 35% of the national total, along with 17% from the transport
sector. This suggests that reducing energy consumption, shifting to cleaner, less-GHG intensive
energy generation and transitioning to a more efficient transport fleet could have a significant impact
on GHGEs.

Findings from the original TPWO study [33] also show that forecast coal seam gas (CSG) operations
may cause a dramatic increase in overall water use. The volume of water involved in approximately
equivalent to that used by agriculture. This water is drawn from deep aquifers so it will not compete
with surface water use. However, the lowering of sub-surface water tables and the potential for
contamination of water resources may have a negative impact on agriculture. It may be necessary
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to examine the proposed benefits and costs of CSG in the context of increasing water scarcity and
domestic demand for food.

6.5. Health Implications

Although the vegan HPB diet has the least negative environmental impact and best long-term
direct food availability, it may not be healthy in practice. Vegetarian and vegan diets that are well
planned can be nutritionally adequate [42]. However, as noted by Van Dooren et al. [18], the potential
for micronutrient deficiencies if a vegan diet is not well planned is high. There is also evidence to
suggest that consumer acceptance of vegan diets is likely to be low [58]. Along with the potential need
for livestock agro-ecology to reduce fertiliser dependence, this indicates that a semi-vegetarian diet
with minimal dairy and red meat may be the most realistic healthy, sustainable and resilient option
for the Australian population, in line with the EAT Lancet dietary recommendations. However, more
research is needed to determine the composition and associated environmental impacts, and potential
for agro-ecology to reduce the need for fertilisers. To maintain direct food availability, it may also
be necessary to explore the potential for additional production in regions where the particular crops
have not been extensively grown previously, but where there is available cropland. This analysis
could occur alongside the exploration of potential movements of agricultural types as an adaptation to
climate change.

6.6. Policy Considerations

The results raise several considerations for planning and implementing food and nutrition policy.
Although dietary guideline recommendations provide a robust evidence base for promoting healthy
eating, they need to be complimented with a broader food systems dimension to policy to protect the
security of the food supply from which that healthy diet can be selected. Coherent food system-oriented
policy approaches are necessary to tackle the social, political and environmental determinants of
non-communicable diseases and food insecurity in an equitable manner [59,60], and need to be
coordinated across multiple sectors and levels of government [61,62].

7. Conclusions

This study has shown that implementing healthy diet strategies in the Australian context has some
impact on protecting food availability and reducing environmental impacts but is minimal compared
to the potential for change in other areas.

Reducing environmental impacts and achieving direct food availability depend on the proportion
of animal products in the diet rather than its ‘healthiness’. The healthy plant-based diet (i.e., vegan
diet) showed the most potential to reduce the resources required to feed the population and mitigate
associated greenhouse gas emissions. From an economic perspective, adopting a healthy plant-based
diet would help to maintain export capability. All of these factors combined would reduce Australia’s
vulnerability to anticipated disruptions in the global food supply.

Key environmental vulnerabilities exist for the healthy plant-based diet scenario. These include
fertiliser dependence and land availability for intensive cropping to supply all the necessary components
of a healthy diet, particularly fruit and vegetables. Addressing land degradation is important in
managing this problem since it is directly related to increasing fertiliser use and decreasing crop
yields per hectare. The modelling shows that significant thresholds will be crossed in 2050, tipping
Australia into runaway land degradation, unless changes are made to production methods to reverse
this trend, such as agro-ecological practices. Likewise, the loss of agricultural land around cities due to
competition with other land uses is a key contributing factor to the lack of land availability. There is a
need for future availability considerations to be considered in urban planning policies.

Problems with the healthy plant-based diet scenario also exist in terms of consumer acceptance
and the high potential for micronutrient deficiencies if not well managed. Furthermore, with a potential
need for livestock for some forms of agro-ecology, this indicates that a semi-vegetarian diet with
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minimal dairy and red meat may be the most realistic healthy and sustainable option for the Australian
population. However, more research is needed to determine the best composition of diet in terms of
health, resource use and direct food availability. This would ideally include exploring the potential
for additional production in regions where the particular crops have not been extensively grown
previously, but where there is available cropland, as well as the potential benefits in environmental
impacts by repurposing any surplus land for carbon sequestration.

It was also found that the impacts of changing domestic diets are dwarfed by overall resource
use in the agricultural sector and for the total Australian economy. This further supports the need
to modify agricultural production methods, as well as address resource use intensities across other
sectors, particularly water use.
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Appendix A

Table A1. Summary of scenario creation processes used in the ASFF.

Re-Allocation of Production

Livestock numbers and the relative proportion of type of crop are adjusted with the objective of securing
sufficient production to cover domestic consumption in all food categories. This equates to making net
imports (imports–exports) zero. The total crop area within each SD is maintained as that in the background
scenario. This area includes sown pasture as grazing land for livestock, and hay and silage production
dedicated for livestock feed. Livestock also consume cereals, oil crops, and legumes, according to the
different type of livestock and feed rates and diet shares. Consequently, it is necessary to allow for this
interaction in an iterative process.

livestock

First, additional livestock are created where net imports of livestock products
exist, allowing for different livestock production rates. If there are excess
livestock numbers (i.e., producing net exports), which are fed on the same
inputs as the required additional livestock, then these excess stock are reduced
by an amount equivalent to the feed required by the additional livestock.

crop activity share

Total domestic consumption of crops (by the population and the newly adjusted
livestock) is compared with background production, and where consumption is
greater than production, the ratio is used to scale those deficient crop areas
within the total crop area in each SD. Crop areas yielding excess production
occupy the remaining area in each SD, in their original proportion by area.

livestock;
crop activity share

Should crop production still be deficient, livestock numbers are readjusted to
make sown pasture available (with dairy excluded) for those crops in need.
This only applies to livestock that graze sown pasture and where there are net
exports of associated livestock products. The area of sown pasture available is
based on the volume of feed required for the excess livestock. New crop area
required is calculated as above, and the sown pasture decreased by this amount;
from which the new share of crop activity is calculated. Livestock numbers are
readjusted according to the proportional decrease in sown pasture.
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