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The Land Use Futures program is working to transform Australia’s agriculture and land 
use systems for a sustainable land use future – a future that meets the challenges of 
climate change, remains within other planetary boundaries and supports the production 
and consumption of affordable and nutritious food.  

The program is a collaboration between Climateworks Centre and Deakin University, 
with research contributions from CSIRO. We are an affiliate country platform of the 
global Food and Land Use Coalition, supporting Australia’s contribution to meeting 
global challenges in food and land use systems.  

This paper showcases the analysis we have undertaken on a range of solutions to 
achieve sustainable land use. While these do not represent the full suite of possible 
solutions to the aforementioned challenges, they include: 

+ scaling sustainable agricultural practices 

+ shifts in diets 

+ reducing food loss and waste 

+ nature-based solutions e.g. conservation actions to restore biodiversity. 

Working with people from across the land use sector, we position climate solutions within 
the context of the strategic choices that need to inform land use decisions to set us on a 
path to sustainable land use in Australia. 

https://www.climateworkscentre.org/project/land-use-futures/
https://www.foodandlandusecoalition.org/
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Executive summary 

Food and land use systems are challenged by the significant hurdles of a changing climate, rapid 
biodiversity loss, and a growing population. Yet achieving sustainable food and land use is also 
essential to overcome these hurdles. This means finding ways to sustainably produce food, feed and 
fibre within environmental limits – or planetary boundaries – that set the parameters in which 
humanity can continue to thrive without compromising the health of the natural environment 
(Climateworks Centre 2022). In this context, there is a growing need for sustainable agricultural 
practices to better manage the impacts of agricultural production and achieve outcomes that are 
better for both people and planet.  

Regenerative agriculture is gaining momentum as a solution for providing positive environmental 
outcomes, while meeting the growing demand for food and fibre. However, there are competing 
approaches for how to balance the need for and impact of agriculture. One approach, ‘sustainable 
intensification’, prioritises technology and other inputs to enhance yield while reducing environmental 
impacts. By emphasising intensification, this approach aims to reduce the ‘extensification’ of 
agriculture, thus sparing land for restoration and conservation. An alternative approach prioritises 
building on and strengthening natural processes within agricultural systems, and enhancing 
environmental outcomes through sharing land between agricultural and environmental needs. 
Regenerative agriculture is generally positioned within this latter approach. There are overlaps 
between these approaches and debate about whether they are mutually exclusive. However, an 
important distinguishing characteristic of regenerative agriculture is that it applies nature-based 
solutions to meeting humanity’s needs for food and fibre, by drawing on and strengthening  
ecological processes.   

Existing models of agricultural practice and food system configuration are failing to meet the 
full suite of social, environmental, and nutritional needs. Regenerative agriculture, as both a 
set of practices and social movement, could provide an important lever for change by placing 
sustainability at the centre of future food production and land use. However, the potential 
scale of this contribution is uncertain, and the success of sustainable farming methods will 
also depend on broader shifts within food and agriculture systems. 

In this paper we explore the potential for regenerative agriculture to contribute to five outcomes in 
Australia: climate change mitigation; health of soils and waterways; biodiversity; land use and 
productivity; and profitability and resilience. 

To assess the potential of regenerative agriculture we must first address two issues: what is meant  
by regenerative agriculture; and what evidence demonstrates its impacts. This paper explores both, 
analysing the potential benefits and limitations of regenerative agriculture in an Australian context, 
based on a review of current academic literature.  

Through this analysis we show that regenerative agriculture has the potential to achieve multiple 
benefits in Australia, including improving resilience, soil health and biodiversity. It also has some 
potential for contributing to climate change mitigation. However, the extent of these benefits varies, 
depending on the practice and context, as do implications for productivity and yields. This variation 
contributes to uncertainty about the potential scope and speed at which regenerative agriculture can 
be scaled and the specific role it should play in relation to other solutions in the transition to a 
sustainable land use future.  

We conclude that regenerative agriculture does have a role to play in bringing about needed changes 
to improve the sustainability of Australia’s food and agriculture sectors. However, broader, system-
wide transformations are also needed, for two main reasons.  
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First, the success of regenerative agriculture at a large scale depends on its productivity and its other 
benefits as well as what and how much is required of our land. Second, while holding potential for 
significant benefits, the limitations and uncertainties around regenerative agriculture mean that it 
should not be considered a cure-all, particularly for climate change mitigation. A full suite of solutions 
is needed to balance competing pressures on land to meet climate and other sustainability targets, 
while still meeting growing demand for agricultural production.  

To ensure regenerative agriculture practices are appropriately considered and are scalable to support 
more sustainable land use in Australia, we propose two main areas for action:  

1. Strengthening evidence, knowledge and practice to support more sustainable  
agriculture, including: 

a. Developing an outcomes-based framework to shift the focus from debates about the 
definition of regenerative agriculture to measuring the impact of a range of sustainable 
farming methods  

b. Mainstreaming the measurement and valuation of natural capital in agricultural systems 

c. Continuing to strengthen the evidence base for regenerative agriculture through 
Australian-specific research 

d. Supporting farmers to innovate and trial new practices and share knowledge.  

2. Promoting broader shifts in the food and agricultural system to enable and support more 
sustainable land use, including:  

a. Reducing demand-side pressures on land by promoting dietary change, particularly 
reducing livestock-based consumption, promoting alternative proteins, and reducing food 
loss and waste 

b. Integrating agriculture within coordinated action to align land use with national nature and 
climate goals to balance competing pressures on land and deliver multiple benefits. 
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1. Introduction 

While it is a key export industry, the heart of many rural communities and a source of employment, 
agriculture is also confronted with, and contributing to, pressing environmental challenges. In 
Australia, agriculture is the main cause of human-induced land clearing (Climateworks Centre 2022), 
and a driver of land degradation (Turner et al. 2016). It covers more than half of Australia’s land mass 
(Australian Bureau of Statistics 2022; Department of Agriculture, Fisheries and Forestry n.d.), and 
agricultural production accounts for 16 per cent of Australia’s emissions (Department of Climate 
Change, Energy, the Environment and Water n.d.); emissions could be even higher when taking into 
account the full supply chain emissions from food and fibre, which globally are more than double that 
of on-farm emissions (Intergovernmental Panel on Climate Change 2022). A changing climate, 
particularly the prospect of increasing future drought intensity, raises the possibility of further land 
degradation without climate change adaptation across the agricultural sector.   

More sustainable land management practices are needed to address the interlinked challenges of 
biodiversity loss, climate change and food security. Nature-based solutions play a key role in 
addressing the interconnectedness of these challenges, as they include “actions to protect, 
sustainably manage, and restore natural or modified ecosystems, that address societal challenges 
effectively and adaptively, simultaneously providing human well-being and biodiversity benefits” (Box 
1; Cohen-Shacham et al. 2016). A number of land managers across Australia are already utilising 
nature-based solutions to contribute to the protection and restoration of the environment while 
producing healthy food and fibre.  

Regenerative agriculture is one approach that is gaining interest. It covers a range of sustainable land 
management practices that encompass a number of nature-based solutions. A growing number of 
regenerative agriculture practitioners in Australia and overseas are actively promoting its benefits, 
including their experiences of improved landscape health, productivity, resilience, profitability and 
social wellbeing. This has been accompanied by moves from a range of corporations to make 
commitments or set targets for regenerative agriculture practices within their supply chains. These 
trends have led many organisations globally to research the potential for regenerative agriculture to 
meet the multiple goals of feeding the planet, combating climate change and restoring ecosystems.  

Agriculture practices and their outcomes are context specific: geography, climate, history, land use 
pattern and capability (human, capital and infrastructural) all determine outcomes. Assessment of the 
on-ground impacts of regenerative agriculture in Australia is important to understand its potential as a 
climate solution, as well as what other environmental and socio-economic benefits, such as 
biodiversity enhancement, can be realised by its practice.  

The potential impacts of regenerative agriculture also need to be considered in the context of broader, 
strategic choices that inform land use. Agricultural sustainability is determined not just by production 
methods. It is also influenced by what is expected in terms of production – in other words what we 
choose to eat and export, and how we provide nutritious food for Australian and global populations. 
This requires considering both dietary preferences, and the potential productivity, lifecycle impacts 
and land use benefits of ‘off-land’ food production. The latter is growing in prominence, as seen with 
lab-grown and other novel proteins.  

Driving sustainable land use in Australia requires an approach at multiple levels. At the national scale, 
a broad set of land use issues impact how multiple needs can be met, from conservation and 
biodiversity, carbon sequestration, contributions to the bioeconomy, through to provision of food.  
At the more local scale sit questions about how to manage land more sustainably, given local 
contexts and needs. How these questions are addressed is influenced by Australia’s broader 
socioeconomic and political context, and diverse visions of how land and agriculture contribute to 
social, regional and environmental outcomes.  

https://paperpile.com/c/sDOSFO/Sj4eX
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This paper presents a review of current Australian-specific and internationally relevant evidence on 
the benefits and limitations of regenerative agriculture practices, both as a climate solution and for 
broader sustainability outcomes in Australia. The paper assesses the potential impact of regenerative 
agriculture on five outcomes: 

+ Outcome 1: Climate change mitigation  

+ Outcome 2: The health of soils and waterways  

+ Outcome 3: Biodiversity  

+ Outcome 4: Land use and productivity  

+ Outcome 5: Profitability and resilience. 

  

 

B O X  1 :  

 

Nature-based solutions 
 

Nature-based solutions involve working with or strengthening natural systems, and using 
nature’s ability to regenerate natural resources (Oke et al. 2021). Nature-based solutions 
include three main types of actions to address societal challenges for human well-being 
and biodiversity benefits:  

1. Protecting natural ecosystems from loss and degradation  

2. Restoring ecosystems that have been degraded 

3. Managing working lands such as those used for agriculture or forestry more 
sustainably (UNEP and IUCN 2021). 

Nature-based solutions for climate change mitigation (or ‘natural climate solutions’) 
refers to activities that involve conserving or restoring ecosystems and improving land 
and ocean management to increase carbon storage or avoid greenhouse gas emissions. 
Nature-based solutions are critical elements for any climate strategy given that natural 
processes (primarily photosynthesis) are by far the most significant and scalable means 
of sequestering carbon dioxide.  

There is debate about what exactly constitutes a nature-based solution, including in 
agriculture. However, many of the practices championed by regenerative practitioners 
are widely accepted to fall under the category of nature-based solutions, as they aim to 
work with and strengthen natural systems. Understanding how agricultural nature-based 
solutions support and complement broader nature-based solutions focused on protecting 
and restoring ecosystems, or compete with them over land use, is an important part of 
assessing the potential of regenerative agriculture. 
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The paper complements a recent report by the Food and Land Use Coalition (FOLU) – a partner of the 
Land Use Futures program, titled Aligning regenerative agricultural practices with outcomes to deliver 
for people, nature and climate (FOLU 2023). FOLU’s report reviews global evidence linking regenerative 
agriculture practices to specific outcomes. Their analysis finds that regenerative agriculture creates 
positive benefits for biodiversity and on-farm biological carbon sequestration, but has mixed impacts on 
near-term yield and long-term climate change mitigation (FOLU 2023). FOLU’s analysis calls for an 
outcomes-based framework for moving beyond debates about the definition of regenerative agriculture, 
as well as more robust data collection along with valuing practitioner experiences, calls that are mirrored 
in this paper.  

This paper also discusses the implications of the literature review findings on the need to consider the 
potential of climate solutions such as regenerative agriculture within the context of the wider agricultural 
system and the strategic choices that need to inform land use decisions. 

  

https://paperpile.com/c/sDOSFO/PxMNu
https://paperpile.com/c/sDOSFO/PxMNu


R E G E N E R A T I V E  A G R I C U L T U R E  D I S C U S S I O N  P A P E R  M A R C H  2 0 2 3  

C L I M A T E W O R K S  C E N T R E   10 

 

2. Challenges with assessing  
regenerative agriculture 

There are a number of challenges in assessing the potential benefits and limitations of regenerative 
agriculture, which make it difficult to quantify impact. Questions around definition and the applicability 
of the evidence base matter when it comes to assessing regenerative agriculture’s potential impacts 
and scalability. This is especially important as regenerative agriculture grows in prominence 
internationally, including among large agri-businesses, as a lack of agreed definitions and clarity  
on practices and outcomes being promoted can contribute to a risk of greenwashing (Giller et al. 
2021; FOLU 2023).  

Defining regenerative agriculture  
During the last decade, the term regenerative agriculture has increasingly gained attention as a 
farming approach with significant potential to regenerate soils, landscapes and ecosystems (Giller et 
al. 2021). Regenerative agriculture has its origins in the same philosophies motivating other 
prominent sustainable agriculture approaches. The term ‘regenerative’ has been associated with 
farming since the 1970s, and regenerative agriculture as a defined approach was initially promoted in 
the 1980s by the founder of the Rodale Institute, a prominent organic farming research and advocacy 
body in the US (Tittonell et al. 2022). 

As use of the term regenerative agriculture has grown, it has become clear that there is no single 
definition of regenerative agriculture, but rather, a diversity of different approaches. The lack of 
consensus about its meaning has contributed to the challenge of developing an uncontested evidence 
base regarding its impacts.  

Regenerative agriculture is often associated with a set of practices and principles that draw on 
ecological science to work with and strengthen natural processes. Some stakeholders focus more  
on intended outcomes when defining regenerative agriculture, with a prominent theme that it goes 
beyond the ‘no harm’ principles of sustainable agriculture, and instead aims to repair and improve  
the broader systemic health of the environment relative to current agriculture (Schreefel et al. 2020; 
FOLU 2023).  

The outcome most strongly used to define regenerative agriculture is improving soil health, though the 
many components of ‘soil health’ are often not made explicit. To varying degrees, sequestering 
carbon, increasing biodiversity, and improving water resources are also outcomes associated with 
definitions of regenerative agriculture (FOLU 2023). 

Process-focused principles associated with regenerative agriculture include supporting living root 
systems, minimising soil disturbance and promoting plant diversity. These are reflected in 
regenerative practices for which there is greatest consensus: using no-till practices or reducing soil 
tillage, minimising bare ground (including utilising cover crops and perennials), crop rotation and 
diversification, and increasing water percolation. Animal integration, and avoiding or eliminating 
synthetic inputs are also commonly, but not universally, included (FOLU 2023).  

Within both process and outcome-oriented understandings, there is divergence regarding the 
importance of broader social dimensions of regenerative agriculture. In some cases this includes 
highlighting the importance of improving livelihoods (for farmers, or through living wages for workers) 
and other socio-economic benefits. More fundamentally, while most research on regenerative 
agriculture takes a positivist, scientific approach, focusing on the biophysical elements of ecological 
improvement, many proponents also highlight the importance of “creating significant shifts in mindset 
towards more holistic and relational understandings of biological and social ecosystems” (Seymour 
and Connelly 2022). As such, regenerative agriculture is seen by some to be much more than a set of 
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principles and practices; it constitutes a whole social movement, with the potential for redefining and 
transforming relationships to land. Though this paper focuses on narrower environmental and 
economic outcomes, we acknowledge the importance of this perspective, and its potential role in 
contributing to the broader systemic changes required in food and agricultural systems to enable 
sustainable land use. 

There is overlap between principles and practices described within regenerative agriculture and other 
terms such as agroecology, biodynamic and organic agriculture, permaculture, climate-smart 
agriculture and conservation agriculture. However, these overlaps can sometimes be misleading 
when combined. For example, organic agricultural practices do not necessarily embrace all 
regenerative principles, even though they do not use synthetic inputs. And the concept of agroecology 
is arguably broader than that of regenerative agriculture in some respects, encompassing human as 
well as natural systems. It defines that the “quest for environmental restoration and sustainability is 
inextricable from the pursuit of social inclusion, equity, or justice” (Cabral et al. 2022). Furthermore, 
many individual practices deployed in regenerative approaches already sit within the continuum of 
what are considered more conventional farming and agricultural practices.  

It is also important to consider how regenerative agriculture is defined in relation to other solutions 
which are promoted for enabling greater sustainability in agriculture beyond those that fall within the 
agroecology–regenerative agriculture continuum. An alternative paradigm is that of ‘sustainable 
intensification’, defined as “intensification using natural, social and human capital assets, combined 
with the use of best available technologies and inputs (best genotypes and best ecological 
management) that minimise or eliminate harm to the environment” (Pretty 2008).   

How environmental harm is best minimised or avoided sits at the core of the difference in paradigms. 
For sustainable intensification advocates, reducing the amount of land required for agriculture, 
enabling the ‘sparing’ of more land for biodiversity and conservation, is paramount (Mockshell and 
Kamanda 2018). In contrast, regenerative agriculture supports biodiversity and other positive 
environmental outcomes throughout the production process on agricultural lands. This tends to 
involve less intensive production techniques but, as discussed below, the extent to which regenerative 
practices involve a trade-off with productivity, particularly in the long term, is subject to considerable 
debate. This debate is a product of both evidence limitations and imprecision or divergence regarding 
what the term ‘regenerative agriculture’ refers to. In fact, the term’s evolving usage has led to the 
claim that “regenerative agriculture represents a re-framing of what have been considered to be two 
contrasting approaches to agricultural futures, namely agroecology and sustainable intensification, 
under the same banner” (Giller et al. 2021). 

Sustainable intensification is often presented as a conflicting paradigm to those that underpin 
regenerative agriculture. Indeed, there are differences, but also a number of synergies. In practice, 
techniques can overlap and are often combined, particularly those considered widely to be ‘good 
agricultural practices’, such as minimal tillage, utilising cover crops and crop rotation. However, 
sustainable intensification advocates generally have a higher tolerance for genetic engineering and 
are less concerned with minimising external and chemical inputs – both of which are minimised in 
agroecology and by many practitioners of regenerative agriculture. They also tend to place greater 
emphasis on technological innovation such as precision agriculture, although this is not antithetical to 
regenerative approaches (Mockshell and Kamanda 2018). 

Measuring the impact of regenerative agriculture 

Short- vs long-term measurement affects assessment results 
The timeframe over which the impacts of regenerative agriculture practice are assessed is a key 
factor influencing results. A major criticism of regenerative practices (similar to criticisms of organic 
agriculture) is that they may result in lower yields than conventional practices, producing less food 
and fibre in the short term. However, measuring productivity across short time periods does not 
account for longer term productivity losses which can result from soil and water degradation through 
unsustainable practices (Turner et al. 2016). A short measurement timeframe also fails to account for 
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potential long-term productivity gains experienced by some regenerative agriculture practices (Delate 
et al. 2016). Studies have shown the full benefits of regenerative agriculture become apparent after 
several years and strongly depend on the starting condition of the land (Delate et al. 2016). 

Single practice assessments do not reflect the full impact of  
regenerative approaches 

The focus and scope of analysis is another key factor to consider when assessing the impacts of 
regenerative agriculture. Many assessments are of single practices, not integrated systems. 
Regenerative agriculture is based on working with and strengthening natural systems, usually 
meaning that a variety of different practices are combined in different ways to support the whole 
system. In addition, some potential outcomes occur beyond the farm, in areas such as biodiversity 
and hydrology. A further challenge lies in the complexity of natural systems, which can be very difficult 
to accurately represent in mainstream analytical approaches. Therefore, a more complete analysis 
across a range of practices and their interactions with each other is required to capture the full 
impacts of regenerative approaches.  

Physical and socio-economic context is crucial 
The highly context-specific nature of the suitability and outcomes of agricultural practices also add to 
the challenge of measuring their impact. For example, syntropic agriculture is most successful when 
practised in tropical climates, meaning generalising about its potential for temperate and more arid 
areas of Australia is problematic. Further, regenerative farmers often adapt management to suit their 
local context and changes in the environment, so practices can change and evolve over time. 
Therefore, the importance of local context can make generalisations about impacts and  
benefits challenging. 

The extent to which basic precepts of ecological science can be drawn on to generalise findings 
across contexts, is itself contested. For example, below ground root growth of perennial grasses is 
associated with increases in carbon storage, based on models of nutrient cycling and physiology of 
perennial grasslands. This means that some generalisation across all practices that enhance 
perennial grasslands (such as ecological grazing) is warranted, by combining evidence from on-
ground trials and from physiological/ecological functional models. However, determining exactly what 
limits should be placed around this generalisation is challenging.  

Beyond context-specific physical environments, socio-economic factors must also be taken into 
account when attempting to generalise about profitability, particularly factors such as relative costs 
and availability of labour, as well as farmer wellbeing and mental health.  

Measurement methods are evolving 
As some aspects of research relating to regenerative agriculture are still emerging, the use of different 
measurement methods can lead to different results. For example, the soil carbon sequestration 
associated with soil biota (as opposed to that in above-ground plant biomass) is complex to 
accurately measure (Kallenbach et al. 2019), and this can lead to varying estimations of soil carbon 
across the growing season. Enhancing soil biota to drive carbon and other nutrient cycling is a major 
aim of regenerative agriculture. Therefore, continuing to improve methods of measurement, and 
empowering agricultural practitioners to measure these on-farm will be important to enable more 
widespread measurement of soil biota and its associated impacts. Fortunately, new tools are 
emerging in this field (Buss et al. 2021) and our understanding of carbon cycling by soil biota is 
developing rapidly. 

https://paperpile.com/c/sDOSFO/J7Mr4
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On-farm and academic evidence both offer value 
All these issues influence the type of evidence appropriate for assessing the potential impacts of 
regenerative agriculture. Some stakeholders support a focus on expanding academic research on the 
topic. However, as farmer voices and experiences are often absent in academic literature, others 
point to the need to value on-ground experimentation and the experience of regenerative 
practitioners. The lag time required for quality academic research to be undertaken and published 
means that practitioner case studies can play an important role in the short term to understand the 
emerging potential of different regenerative approaches. More fundamentally, valuing a more local 
place-based knowledge system is seen by some proponents as part of the mindset shift that is 
integral to regenerative agriculture. This has led to varied perspectives on what should be considered 
as valid evidence and, therefore, where the greatest effort should be focused in developing the 
evidence base. The availability of academic research is further challenged by the disparity in funding 
allocated to research on regenerative agriculture as opposed to more conventional, mainstream 
practices (CIDSE 2020).  

In the following sections we bear these issues in mind while reviewing available academic literature, 
with a focus on the Australian context. 
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3. Methods and scope of literature review 

Academic literature documenting the impacts and limitations of regenerative agriculture in the 
Australian context is an emerging, but growing, field. We therefore relied, where possible, on 
Australian context literature to conduct a literature review of the impacts and limitations of 
regenerative agriculture practices on five environmental and economic outcomes. Where Australian 
studies were limited, we extended the literature review to include peer-reviewed international studies.  

Local conditions are important in determining the types of practices most effective and appropriate for 
a farmer to implement, as well as for measuring the outcomes of these practices. Therefore, we 
acknowledge that there are risks in generalising findings from studies on regenerative agriculture to 
other contexts. Furthermore, Australia’s agricultural production systems are highly varied across the 
continent, with a range of commodities produced across unique environmental and economic 
conditions, meaning that even generalising within Australia is not straightforward. Where possible, our 
review takes into account the limitations and challenges identified in Section 2, and notes areas for 
further research and exploration.  

Substantial first-hand, farmer-derived evidence and other industry-led publications provide important 
contributions to the knowledge-base on regenerative agriculture (for example Massey 2020, Farmer’s 
Footprint Australia 2022, Soils for Life 2020). While we acknowledge the value of this literature, this 
paper focuses on the academic literature. 

This research centres on the set of regenerative agriculture approaches outlined in Table 1. As 
detailed in Section 2, regenerative agriculture can include a wide range of practices – part of the 
challenge in assessing impact. For this research, we focused on land-based practices that fit under 
the broad banner of regenerative agriculture and are either common in Australia, or could be 
applicable to Australia. This does not include off-land practices such as macro- and micro-algae 
production systems and mushrooms grown on waste. The list in Table 1 includes only the approaches 
covered in this paper and is not intended to be exhaustive nor definitive regarding all practices that 
could be considered regenerative.  

 

TABLE 1: REGENERATIVE AGRICULTURE APPROACHES INCLUDED IN THIS PAPER. 

APPROACH DEFINITION USED FOR THIS PAPER 

Low input cropping Involves sequencing of crops resulting in higher crop diversity over time. 
Some rotations may include multi-species cover cropping, but more 
commonly pulse crops and other diverse crops are rotated with grains.  
Involves minimising tillage and livestock phases for nutrient cycling, often 
with livestock feeding on cover crops, such as in pasture cropping 
approaches. Aims to optimise on-farm resources and minimise need for 
external inputs, and may include organic inputs such as compost or 
biochar. 

Low / no-till vegetables Involves the growing of crops with minimal disturbance to fields and 
organisms. A range of practices are used depending on soils and other 
context, such as farm size. Practices include mulch in place, compost 
addition, tarping and solarisation to manage weeds, complex rotations, as 
well as bed preparation only at the top few centimetres, to avoid tillage 
that would disturb fungal networks. 
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APPROACH DEFINITION USED FOR THIS PAPER 

Cultural / cool burning Applies to perennial ecosystems and involves the lighting of low-intensity 
fires in order to clear underbrush. Generates patchy habitats preferred by 
small animals and reduces the impact of wildfires. Also ensures that 
seeds and nutrients in the soil are not lost, and has lower emissions than 
high-intensity fires. 

Ecological grazing Involves the restoration of grasslands and grassy woodlands through 
managing grazing animals at high densities for brief durations, with long 
recovery time for pastures between grazing. Also involves management 
of numbers of stock to the carrying capacity of the land, which avoids 
reliance on supplementary feed from harvested crops. This form of 
grazing is described as ‘adaptive multi-paddock grazing’ in the literature. 
Care must be taken to avoid confusion with simple rotational or other 
grazing techniques commonly practised as alternatives to conventional 
grazing practices. 

Alley cropping Involves the planting of rows of trees and/or shrubs between rows of 
horticultural or fodder crops and aims to create resilience through 
diversification of production. This is related to intercropping rows of 
different annual species, and is common in tropical areas. This is not 
widely practised in Australia, but has potential, particularly in higher 
rainfall areas, to increase carbon sequestration through incorporating 
woody perennial vegetation in croplands. 

Perennial horticulture 
(single strata 
orchards) 

Consists of a single layer or ‘strata’ of food trees with a layer of diverse 
grass and other plants underneath. Sometimes includes the integration of 
animals, such as poultry, for nutrient cycling. Avoids use of synthetic 
inputs, and uses residuals from other processes, such as compost and 
farm waste returned as nutrients. 

Shelterbelt or  
riparian plantings 

Usually consists of one or more rows of trees or shrubs planted in a 
specific distribution to provide shelter from the wind and protect soil  
from erosion. 

Syntropic agriculture 
(multi-strata 
agroforestry) 

Provides a harmonious integration of food production and forest 
regeneration or afforestation, by involving multi-strata agroforestry that 
mimics the functioning of natural forest systems. This system is most 
widely practised in tropical and sub-tropical regions but has applicability 
(with different species and planting patterns) in all climate zones. 

Silvopasture Involves the deliberate integration of trees and grazing livestock in the 
same land, to diversify production and provide shelter for livestock. 
Recognised as a form of agroforestry where trees and shrubs are 
integrated with pastures for forage and grazing purposes. 

Pastured pigs  
and poultry 

Involves growing pigs or poultry/eggs in an agroforestry system, 
potentially with multi-species cropping for additional forage and/or feed 
derived from waste streams. Often involves ‘non-industrial’ breeds of 
livestock to optimise nutrition from forage. 
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4. Research findings 

Our research focused on the potential for regenerative agriculture to contribute to a set of primarily 
environmental outcomes, along with productivity outcomes that impact environmental footprints:  

+ Outcome 1: Climate change mitigation  

+ Outcome 2: The health of soils and waterways  

+ Outcome 3: Biodiversity  

+ Outcome 4: Land use and productivity  

+ Outcome 5: Profitability and resilience. 

Outcome 1: Climate change mitigation  
Key finding: Studies have shown that in some circumstances, farms where regenerative practices 
have been implemented can deliver emissions reductions and carbon sequestration. However, this is 
highly context- and practice-specific. More specific research is needed to better assess the potential 
of regenerative agriculture across different environments and land use contexts to deliver climate 
change mitigation solutions for Australia. 

Agriculture has a key role to play in climate change mitigation  
Australia has committed to the Paris Agreement, which aims to limit temperature increase to 1.5–2°C 
globally to avoid the worst impacts of climate change. Australia is predicted to exceed its 1.5°C carbon 
budget for achieving this goal by 2026. The country’s land-based emissions, which are driven by the 
agriculture sector, are not currently on track to support a 1.5°C trajectory (Climateworks Centre 2022). 
As a dominant user of land in Australia and a driver of greenhouse gas emissions through both 
production and supply chain emissions, Australian agriculture contributes to climate change, yet it can 
be an important part of the solution. Sustainable farming practices present an opportunity to both 
decrease Australia’s emissions and sequester carbon in the landscape, as well as improve resilience 
to the impacts of climate change. Resilience is discussed further in ‘Outcome 5’. 

Evidence showing the impact of regenerative agriculture on emissions 
reduction and carbon sequestration is highly context- and practice-specific  
The evidence for the potential positive climate impacts of regenerative agriculture practices falls into 
two main categories: those that lower emissions from agriculture and land management, and those 
that store carbon in the landscape.  

In terms of emissions reductions, the strongest evidence for the impact of regenerative agriculture 
practices comes from systems involving livestock farming, such as ecological grazing. International 
studies have found that adaptive multi-paddock grazing of livestock can improve forage quality and 
hence digestion, resulting in lower methane emissions (DeRamus et al. 2003; Wang et al. 2015; 
Thompson and Rowntree 2020). Lower overall greenhouse gas emissions have also been found in 
Australian free-range poultry systems (as a proxy for pastured poultry) as compared to conventional, 
higher density poultry systems (Wiedemann et al. 2017). Although current evidence is relatively 
limited, these findings suggest some regenerative livestock farming practices can have the potential 
to reduce the emissions footprint of agriculture. Further research investigating the emissions footprint 
of adaptive multi-paddock grazing across a variety of Australian contexts would be valuable. More 
research is also needed to compare the full lifecycle emissions of regenerative versus conventional 
grazing systems, as the avoidance of supplementary feed and synthetic fertilisers as inputs by 
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regenerative practices is likely to have substantial impacts on emissions. Fire management practices 
for landscapes also present an opportunity to reduce emissions. Cool burning practices are already in 
use for a large proportion of northern Australia, as part of Indigenous land management practices. 
This model has been effective at reducing emissions from wildfires (Edwards et al. 2021), and could 
also be translated to farming land in other parts of the country.  

In terms of carbon storage, many regenerative agriculture practices are designed to increase the 
volume and diversity of vegetation in the landscape. This can, in turn, benefit carbon storage in soil, 
vegetation, or both. Studies on regenerative agriculture practices report increases in carbon storage, 
with variations depending on the types of commodities grown and the techniques used to farm them. 
For example, perennial horticulture crops can store more carbon in soil and vegetation than annual 
crops (Aguilera et al. 2015; Kreitzman et al. 2020), as they involve the growth of larger tree and shrub 
species. Adaptive multi-paddock grazing has been found to support improved tree regeneration at 
rates almost equivalent to ungrazed land in Australia, enabling greater carbon storage than 
continuously grazed pastures (Fischer et al. 2009). Similarly, regenerative approaches to pasture 
management can increase soil carbon storage (Conant et al. 2017). Particular low input cropping 
approaches have also been associated with higher soil organic carbon levels. Overseas examples 
include cover crops (Franzluebbers 2010; Poeplau and Don 2015; Abdalla et al. 2019) and minimising 
tillage (Franzluebbers 2010; Jordon et al. 2022). In Australia, studies report that no-till farming 
(Rogers et al. 2012; Robertson and Nash 2013), and pasture cropping (Badgery et al. 2014) can 
result in improved soil organic carbon levels.  

Regenerative cropping systems are also reported to improve carbon storage according to 
international studies (e.g. Hobbs et al. 2008; Wolz et al. 2018; Tsonkova et al. 2012; Project 
Drawdown 2020). Those found to be most pronounced involve tree planting such as alley cropping, 
silvopasture and syntropic agriculture (Aguilera et al. 2015; De Stefano and Jacobson 2018; Wolz et 
al. 2018; Kreitzman et al. 2020). In addition, adaptive multi-paddock grazing achieves higher rates of 
soil carbon sequestration when compared to conventional grazing in a wide range of contexts 
(Johnson et al. 2022). More generally, studies have shown that conversion of cropping land to pasture 
has a positive impact on soil organic carbon levels, suggesting shifts away from conventional 
cropping and towards a practice like pasture cropping (where appropriate) could improve soil carbon 
(Guo and Gifford 2002; Don et al. 2011).  

There are unresolved questions around the potential of regenerative 
agriculture as a broad-scale climate solution 
While there are some studies which show the potential for emissions reduction through regenerative 
agriculture approaches, it is difficult to draw conclusions about their potential as a broad-scale climate 
solution. This is partly because the focus of most studies is on carbon rather than other greenhouse 
gases such as methane and nitrous oxide. This is important because in Australia, livestock emissions 
(methane) comprise the majority of total agricultural emissions (Department of Climate Change, 
Energy, the Environment and Water 2022). There is some evidence to indicate regenerative livestock 
farming approaches can result in lower emissions per animal, but this evidence is limited. This means 
the overall emissions reduction potential of regenerative agriculture is currently uncertain and, as with 
other livestock farming systems, will need to be accompanied by solutions that reduce livestock 
emissions in order to meet climate goals. 

Despite substantial evidence in Australia and overseas showing that a range of regenerative 
agriculture practices can contribute to carbon storage, this is not necessarily a reliable indicator of 
broader climate impacts. A key reason for this is because soil organic carbon storage is highly 
variable through a range of factors such as climate, season, weather, soil type and soil biology 
(Stockdale et al. 2019). This variability makes it difficult to rely on soil as an opportunity to sequester 
carbon with consistent impact. For example, there are concerns about the reversibility of carbon in the 
soil, meaning to what degree carbon stored in the soil could be released back into the atmosphere 
(Oxford Martin School and University of Oxford 2017). Additionally, practices need to be maintained in 
order to retain carbon stocks, which complicates prediction of future impacts (Fitch et al. 2022). Soils 
can also reach a maximum capacity to absorb and store carbon (Smith 2014). Furthermore, there is 

https://paperpile.com/c/sDOSFO/h2laU+pbpTe+u7Rd3+ac6zw
https://paperpile.com/c/sDOSFO/0vBbl
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some concern that increases in soil carbon can, in certain circumstances, lead to increases in nitrous 
oxide emissions, leading to calls for more research on the relationship between these processes 
(Fitch et al. 2022).  

Measurement is further complicated by the fact that management practices can generally result in 
small changes in carbon stocks relative to background carbon levels. This means that measurement 
intervals of at least five years are needed to detect statistically significant changes (Fitch et al. 2022). 
This factor, combined with the fact that carbon stocks are naturally variable, thus requiring 
comparison against a control sample to assess impact, complicates efforts to reliably and cost-
effectively incentivise carbon sequestration as part of climate strategies. 

So although soils can provide significant carbon sequestration potential, there are not clear 
conclusions about the scale of increases in soil organic carbon that can be achieved, and maintained, 
through changes in management practices. While not specifically referencing regenerative agriculture, 
CSIRO reports evidence that management changes can increase soil organic carbon stocks by 
between 0.18 and 2.9 t CO2-e ha-1 yr-1. This variation is amplified in estimates of how soil 
sequestration translates to national sequestration potential, with meta-analyses suggesting a  
range from below 1 to above 55 Mt CO2-e ha-1 yr-1 across Australia’s cropping and grazing land  
(Fitch et al. 2022). 

Another complicating factor for understanding the climate impacts of regenerative agriculture is that 
there is limited peer-reviewed Australian evidence detailing the direct climate impact of regenerative 
practices through lifecycle analyses that compare their climate impacts to conventional agriculture 
across the entire supply chain. For example, the climate impacts of ecological grazing as compared to 
conventional grazing systems might be underestimated by studies that do not include the avoidance 
of upstream production of livestock feed and synthetic fertiliser. This is due to the substantial amount 
of energy required for their production and transport (Cassidy et al. 2013; Harchaoui and 
Chatzimpiros 2018; Walling and Vaneeckhaute 2020).  

Additional evidence on the potential of regenerative agriculture as a climate solution is needed to 
scale and accelerate the adoption of regenerative practices. This should include comparisons to 
alternative approaches that reduce the agricultural footprint on land, noting that conversion of land 
from native vegetation to agriculture in Australia has typically reduced soil organic carbon stocks from 
by 20 to 60 per cent below pre-clearing levels (Fitch et al. 2022) (see more on this issue under 
Outcome 3). Increased evidence should be supported by the development of a framework to enable 
the consistent measurement of outcomes of regenerative practices, including climate change 
mitigation. Farmers should be supported to trial new sustainable farming practices and to adopt 
rigorous measurement of the results. This would enable better prediction and selection of the most 
impactful opportunities to both reduce agricultural emissions and store carbon in the landscape for 
land managers, the broader land sector and policy-makers.  

Outcome 2: The health of soils and waterways 
Key finding: Regenerative agriculture practices can contribute to the health of soils and waterways 
across Australia. They can create positive outcomes for a range of factors influencing overall soil 
health, as well as reduce water use and improve water quality, but not consistently across all 
practices. Further research is required in some areas.  

The health of soils and waterways is critical for achieving positive outcomes 
for nature, climate mitigation and people 
Soil health and water quality are key determinants of functioning ecosystems, and directly impact the 
land’s ability to support biodiversity and produce food and fibre. For example, soils with higher carbon 
content also have a higher water holding capacity, so there is the potential to improve agricultural 
water use efficiency, although this can be highly variable and in some cases overestimated (Minasny 
and McBratney 2018). Australia is approaching the safe limit of its freshwater use, and water quality in 
some catchments is being significantly impacted by surplus nitrogen and phosphorus, primarily due to 
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the application of fertilisers to agricultural soils (Climateworks Centre 2022). We also know that 
conventional agricultural practices are resulting in soil loss (Turner et al. 2016). It is therefore vital to 
explore the potential of sustainable agriculture practices to help mitigate these impacts, and improve 
the ability of the environment to support biodiversity, sequester carbon and produce food.  

There is some evidence that regenerative agriculture can improve soil health 
and waterways 
Australia’s soils are ancient and generally nutrient-poor, and have experienced continued degradation 
and erosion since European colonisation (Koch et al. 2015). There is substantial evidence 
demonstrating the positive impact regenerative agriculture can have on soil organic carbon. Soil 
organic carbon is an important determinant of overall soil health and, as a result, gains in soil organic 
carbon may be accompanied by a range of benefits such as improved plant productivity and 
biodiversity (Rowntree et al. 2020). In addition to the improvements in soil organic carbon described 
for ‘Outcome 1’, regenerative agriculture practices have also been found to improve soil health. For 
example, international studies have found improved soil health indicators associated with multi-
paddock grazing, including improved soil structure, strengthened ecological function and reduced soil 
loss (Rowntree et al. 2020). Practices within low input cropping approaches have also been 
associated with positive soil health outcomes, such as reduced nitrogen leaching from cover cropping 
(Abdalla et al. 2019). However, Australian-specific literature in this area is limited. Better soil 
benchmarking across all agricultural systems is needed. Additionally, long-term studies measuring the 
interactions of regenerative practices with a range of Australian soils would be valuable to guide 
adoption of these practices and the development of policy to support this.  

A number of regenerative practices have also been found to positively impact water use and water 
quality. There is evidence that some practices can reduce run-off of nutrients into water systems. 
Continuous ground cover is associated with many regenerative agriculture practices, and can reduce 
the erosion of soil into waterways (e.g. syntropic agriculture in South America, (Andrade et al. 2020)). 
In the US, multi-paddock grazing has been associated with reduced levels of surface run-off and 
sediment losses, as well as risk reduction for droughts and floods, as compared to continuous 
stocking (Park et al. 2017; Kim et al. 2022). International studies have also shown improvements in 
water-use and nutrient-use efficiency associated with alley cropping, pasture cropping and no-till 
cropping (Soane et al. 2012; Tsonkova et al. 2012; Wolz et al. 2018; Luna et al. 2020). In contrast, 
some regenerative practices in particular contexts may have higher water demands than conventional 
farming systems, such as some alley cropping systems that require more water for trees  
(Tsonkova et al. 2012). 

More Australian research could guide investment in particular practices or 
regions to improve soil health and waterways 
Australian peer-reviewed literature in this area is very limited. Given the highly context-specific nature 
of soil and waterway health and how this is impacted by agricultural practices, further Australian 
research is needed to assess the potential impacts of regenerative agriculture practices on this 
country’s soils and waterways. In addition, the link between soil health and ecosystem functioning is 
currently an emerging field of science, and the nature of these interactions is critical but also highly 
variable and complex (Guerra et al. 2020). More research into these questions will be particularly 
important for assessing the potential for regenerative agriculture to support agricultural and natural 
environment resilience to the increasing impacts of climate change in Australia, such as changes in 
temperature and rainfall patterns. The implementation of the Australian Government’s National Soil 
Strategy will support the development of this evidence base (Commonwealth of Australia 2021).  

Despite the need for further research on these issues, current evidence suggests that regenerative 
agriculture can make a positive contribution overall to the health of soils and waterways. 



R E G E N E R A T I V E  A G R I C U L T U R E  D I S C U S S I O N  P A P E R  M A R C H  2 0 2 3  

C L I M A T E W O R K S  C E N T R E   20 

Outcome 3: Biodiversity 
Key finding: There are examples demonstrating positive impacts of regenerative agriculture for 
Australian biodiversity. Regenerative agriculture has a role to play in the conservation of biodiversity, 
but is insufficient in isolation to address current declines in biodiversity. This needs to be addressed 
by a broader strategy to achieve habitat protection and restoration on both agricultural and natural 
landscapes across Australia. 

Australia’s biodiversity is under significant pressure 
Australia’s biodiversity is in decline, increasingly being impacted by climate change, land clearing, and 
the degradation and destruction of suitable habitat (Murphy and van Leeuwen 2021), to which 
agricultural expansion has contributed (Climateworks Centre 2022). The rate at which Australian 
species are becoming extinct is as much as 430 times higher than would be expected without 
intensive human activity (Climateworks Centre 2022). Responding to these pressures will require an 
approach that simultaneously considers the restoration of vegetation, soil, carbon and biodiversity 
(Cresswell et al. 2021). 

Regenerative agriculture can play an important role in the creation of habitat to 
support biodiversity on farms 
Regenerative agriculture offers an opportunity to positively contribute to biodiversity outcomes. It can 
result in improved habitat for biodiversity on Australian farms through newly planted or maintained 
vegetation such as trees and shrubs, which can be utilised by species as core habitat areas or habitat 
corridors. For example, ecological grazing has been associated with improved tree regeneration, 
which can provide valuable habitat for native fauna (Fischer et al. 2009; Ogilvy et al. 2018). Similarly, 
shelterbelts can improve habitat connectivity, as well as providing sources of food and shelter for a 
range of species (Agriculture Victoria 2020a). These improvements in habitat features for biodiversity 
are examples of nature-based solutions that create mutually reinforcing benefits for climate and 
ecosystem health.  

There is global evidence that aligns with these findings. Alley cropping systems can provide habitat 
for species, and have been associated with higher bird, mammal, invertebrate and fungi diversity 
(Tsonkova et al. 2012; Wolz et al. 2018). Alley cropping can also support higher plant diversity by 
providing different ecological niches through the planting of new trees (Tsonkova et al. 2012).  
No-till farming is associated with improved soil fauna diversity (Hobbs et al. 2008), which in turn  
can have important benefits for soil health. This practice also promotes higher diversity  
above-ground, supporting higher numbers of beneficial insects due to ground cover and  
mulching (Hobbs et al. 2008).  

More is needed to address declines in biodiversity 
Although regenerative agriculture practices can result in positive outcomes for biodiversity, its scope 
is limited to agricultural land. Land which is farmed using regenerative agriculture practices  
doesn’t replicate fully intact habitat for biodiversity, so its impacts may be more difficult to scale up.  
To address continuing declines in biodiversity in Australia, large-scale land protection and restoration 
is needed across public and private land. This needs to include a range of actions that improve 
ecosystem functioning, restore habitat quality and connectivity more broadly, and alleviate pressures 
on biodiversity, such as invasive species, disease and land clearing (Geary et al. 2019). Regenerative 
agriculture can contribute to these actions, but needs to be part of a much larger, more 
comprehensive strategy to reverse biodiversity decline. 

Current evidence suggests regenerative agriculture can contribute to tackling pressures on 
biodiversity through balancing production with ecological outcomes on agricultural land; that is, 
enabling land sharing between agriculture and nature. However, policy-makers need to assess the 
potential of regenerative agriculture against other biodiversity conservation solutions, particularly 

https://paperpile.com/c/sDOSFO/Sj4eX


R E G E N E R A T I V E  A G R I C U L T U R E  D I S C U S S I O N  P A P E R  M A R C H  2 0 2 3  

C L I M A T E W O R K S  C E N T R E   21 

sparing land from agriculture (Box 2). These other solutions are very likely to remain necessary even 
if regenerative agricultural practices become the norm.  

 

 

 

Outcome 4: Land use and productivity 
Key finding: The productivity of regenerative agriculture practices varies, as compared to 
conventional practices. In some cases, regenerative agriculture can have lower yields, while in other 
cases, the opposite is true. A limitation to understanding comparative productivity is the lack of 
evidence on the land area required by regenerative versus conventional practices to produce 
equivalent food and fibre. In addition, demands on land and agricultural production need to be 
considered alongside other system-wide shifts required to achieve sustainable land use. 

 

B O X  2 :  

 

Land sharing and land sparing 
 

Questions about the benefits of regenerative agriculture reflect broader debates about 
the merits of agricultural practices that share versus spare land for nature.  

‘Land sharing’ refers to agricultural approaches that support climate, nature and other 
environmental outcomes on the same land that is used to produce food or fibre. 
Regenerative agriculture tends to be a land sharing approach. 

‘Land sparing’ refers to the intensification of agriculture to produce food using less land. 
This frees up land to achieve environmental outcomes, including biodiversity and carbon 
storage through reforestation or avoided deforestation.  

Critics of land sharing approaches argue that it leads to extensification, with negative 
impacts for biodiversity loss and climate change. Critics of land sparing argue that the 
deployment of agrochemicals and other technology to increase productivity damage the 
environment and soil biota (Mockshell and Kamanda 2018). 

However, these approaches are not necessarily mutually exclusive. Some proponents of 
regenerative agriculture argue that this dichotomy itself is a product of the sustainable 
intensification paradigm, by positing that land sparing trade-offs are inevitable in 
approaches that prioritise land sharing. Intensification-oriented approaches can also 
integrate some regenerative principles. However, it is important to take into account the 
land use requirements of practices, and in so doing weigh the co-benefits and trade-offs 
in relation to broader sustainability goals. This requires us to understand outcomes for 
biodiversity in unison with productivity potential.  

The success of regenerative agriculture at a large scale is dependent on its productivity 
and its other benefits, but also, what, and how much, is required of our land. Both land 
sharing and sparing are likely to be needed to reduce the environmental impacts of 
agriculture while meeting humanity’s needs. 
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Australia’s land is under pressure from competing demands 
Agriculture has and continues to be a key driver of land use change in Australia, and many of 
Australia’s ecosystems are under pressure as a result (Climateworks Centre 2022). Agriculture 
currently occupies around half of Australia’s landmass (Australian Bureau of Statistics 2022). 
However, much of this is extensive grazing on areas of native vegetation, which is relatively low 
intensity despite occupying large areas of land (Department of Agriculture, Fisheries and Forestry 
n.d.). Australia’s intensive agriculture zone represents a much smaller area along Australia’s eastern 
and south-western coasts. These are the main production regions for Australia’s broadacre crops, 
horticulture and where livestock is grazed intensively on modified pastures (Department of 
Agriculture, Fisheries and Forestry n.d.). The intensive agriculture zone also overlaps with areas 
where Australia’s population is concentrated, meaning there are a range of competing demands on 
land for urban, industrial, agricultural, cultural and environmental uses.  

Regenerative agriculture can have highly variable impacts on productivity 
With regard to land use, there are questions about whether regenerative agriculture requires more 
land to produce equivalent food and fibre. There is very little research assessing the land area 
requirements of regenerative agriculture approaches as compared to conventional agriculture. This is 
an important issue for further investigation, especially given the need to determine the potential land 
use impacts of reduced reliance on external feed and synthetic fertiliser across the full lifecycle of 
regenerative versus conventional livestock production. 

Current evidence on the comparative yields of regenerative versus conventional farming practices is 
mixed. It is important to consider this in the context that regenerative agriculture is often performed to 
restore land that has lost productivity.  

A number of studies show improved yields in regenerative agriculture systems. Ecological grazing 
and pasture cropping systems report higher pasture biomass in Australia and the US (Millar and 
Badgery 2009; Hillenbrand et al. 2019), implying these practices result in improved forage for 
livestock. Although planting of shelterbelts removes some, often marginal, agricultural land from 
production (Agriculture Victoria 2020b; ANU 2021), this can be compensated by higher yields due to 
improved protection of crops, pasture and grazing livestock from the negative effects of wind (Bird et 
al. 1992; Johnston n.d.), and support for biodiversity. Similar results have been found more recently in 
South African vineyards, with shelterbelts significantly lowering wind speeds, leading to reduced 
evapotranspiration in grape crops (Veste et al. 2020). Internationally, syntropic agriculture and 
silvopasture have been associated with higher yields due to the ability to grow multiple commodities 
on one area of land (Andrade et al. 2020; Pent 2020). Lower stocking densities for laying hens have 
been associated with improved egg production and egg quality in Australia (Campbell et al. 2017), 
indicating that pastured poultry may have some productivity benefits compared to cage or  
barn-laying systems.  

In contrast to the examples above, higher productivity was not a uniform trend across practices and 
contexts. Some Australian and European pasture cropping studies report lower yields than 
conventional cropping only systems (Finlayson et al. 2012; Luna et al. 2020), although these systems 
do have the benefit of producing both pasture and crops rather than crops alone. Alley cropping yields 
were also found to be lower over time than conventional field grain cropping in Australia (Unkovich et 
al. 2003), although this wasn’t the case in a European study (Tsonkova et al. 2012). International 
studies have also documented lower yields in no-till cropping and low input cropping (Seufert and 
Ramankutty 2017; LaCanne and Lundgren 2018), or no impact on yields (Jordon et al. 2022). 
However, Australian cropping systems are vulnerable to decreasing yields with the impacts of climate 
change and land degradation (Turner et al. 2016), meaning the long-term yield trends of conventional 
cropping systems are unlikely to be sustained into the future.  

https://paperpile.com/c/sDOSFO/d2VX6
https://paperpile.com/c/sDOSFO/d2VX6
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Context matters when assessing land use and productivity of  
regenerative practices 
The high variability in land use and productivity trends found in this literature review demonstrates the 
importance of context when considering the impacts of specific regenerative agriculture practices. 
There is evidence to suggest that some practices can use land more efficiently and deliver higher 
productivity than conventional practices, but there is also evidence of the opposite trend. It is 
important to consider the relative costs and benefits of freeing up (or sparing) agricultural land through 
higher intensity agriculture to be prioritised for environmental outcomes, along with supporting soil 
and water health and improving biodiversity through regenerative practices that share land (Box 2). 
Thinking about productivity therefore requires a consideration of local conditions and what level of 
productivity might be supported by regenerative agriculture, along with the broader context of what is 
needed across a landscape to feed people, protect nature and manage impacts on the environment. 

Outcome 5: Profitability and resilience 
Key finding: Some regenerative agriculture practices have lower input requirements, creating cost 
savings that can offset higher costs often associated with labour. Price premiums are also an 
opportunity for regenerative farms to improve profitability. Further evidence is needed to directly 
measure the financial impact of sustainable farming practices that achieve positive environmental 
outcomes, as evidence remains inconclusive about the relative profitability of regenerative agriculture.  

Profitability is a factor in assessing the viability of regenerative agriculture 
It is important to understand the relative profitability and resilience of regenerative agriculture 
compared to other agricultural practices, to test its viability. While some practitioners report improved 
profitability and economic resilience, others point to startup costs or ongoing impacts on profit as a 
barrier to adopting regenerative practices (Gosnell et al. 2019). These questions have implications for 
farmers’ decisions about the viability of regenerative agriculture for their own farms, as well as its 
viability as a scalable solution for sustainable agriculture. 

The profitability of regenerative agriculture is variable and depends on a  
range of factors 
A principle of all regenerative practices is to minimise or eliminate the inputs required to be brought in 
from outside the farm, such as fertiliser and pesticides. This is achieved by maximising factors such 
as soil health and natural pest control. Successful examples of this have been found in alley cropping 
and shelterbelts, with habitat provision enabling higher populations of natural pest predators resulting 
in lower incidence or risk of pest outbreaks (Wolz et al. 2018; Agriculture Victoria 2020a). Higher crop 
diversity in some regenerative systems can also result in reduced pressure from weeds (Finlayson et 
al. 2012). The resulting lower reliance on agricultural inputs can result in cost savings for producers, 
which can help offset yield reductions or higher costs in other areas, such as potentially higher labour 
costs (LaCanne and Lundgren 2018). 

A number of regenerative practices are associated with higher labour costs. Global evidence 
suggests that this is the case for no-till farming, free-range pig production, syntropic agriculture and 
some organic systems (Bornett et al. 2003; Crowder and Reganold 2015; Seufert and Ramankutty 
2017; Andrade et al. 2020). There is also evidence in some systems that production costs can be 
lower overall, with evidence from South America suggesting that the integration of crops, forests and 
livestock (such as in perennial horticulture) can reduce overall production costs (Costa et al. 2018). 
However, peer-reviewed evidence is currently lacking for labour costs of regenerative versus 
conventional farming in the Australian context.  

Regeneratively grown products can also attract a price premium, leading to higher revenue for 
producers (LaCanne and Lundgren 2018). This was found to be the case for some Australian pasture 
cropping systems, as compared to conventional cropping (Finlayson et al. 2012). There is also 

https://paperpile.com/c/sDOSFO/4Gjvl
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international evidence for this in organic cropping systems (Crowder and Reganold 2015).  
For example, market research conducted for Beef and Lamb New Zealand found some evidence for 
consumer willingness to pay more for regenerative products (Beef + Lamb New Zealand 2021). 

Regenerative agriculture practices contribute to resilience in a range of ways 
A key benefit of regenerative agriculture highlighted by its proponents is improved resilience of farm 
businesses and farmers themselves. In terms of economic resilience, reduced reliance on inputs can 
reduce the vulnerability of regenerative farmers to price shocks related to inputs. The diversity of 
commodities produced in some regenerative systems such as alley cropping can also result in greater 
economic resilience compared to monoculture farming (Wolz et al. 2018).  

Regenerative agriculture practices can also offer greater resilience to environmental stressors, 
including climate change-related shocks and trends. In some cases, when environmental conditions 
are poor or challenging, the profitability of regenerative agriculture can be more favourable than 
conventional practices. For example, a study of grazing practices in New South Wales grassy 
woodlands found that regenerative graziers tended to be more profitable in dry years compared to 
more conventional graziers, while productivity was comparable in other years (Ogilvy et al. 2018). 
Evidence from the US also suggests that organic agriculture can result in 40 per cent higher yields in 
times of drought compared to conventional practices (Rodale Institute 2011). Higher plant diversity, as 
seen in many regenerative agriculture approaches, can enable greater resilience of crops in response 
to stresses such as disease and weather variability (Reiss and Drinkwater 2018). Reduced 
vulnerability to environmental stressors can, in turn, lead to greater income stability for farmers  
(Ogilvy et al. 2018). Building resilience to climatic extremes will become increasingly important as  
the impacts of climate change increase in frequency and severity. Therefore, the potential of 
regenerative agriculture to support climate adaptation deserves attention. 

Regenerative agriculture can also have social benefits that can contribute to the resilience of land 
managers. Conventional farming has been associated with poor physical and mental health outcomes 
as compared to other professions. This is likely due to a range of factors, including economic 
pressures such as volatile commodity prices and rising input costs, as well as other stressors such as 
drought and pest outbreaks. Social isolation and low uptake of mental health support services can 
also contribute to poorer health outcomes for farmers (Schirmer et al. 2013). Although there has been 
limited academic research on the relationship between regenerative agriculture and farmer wellbeing 
(Brown et al. 2021; Ogilvy et al. 2018), there is some Australian evidence demonstrating positive 
outcomes. For example, regenerative graziers were found to have improved wellbeing as compared 
to conventional graziers (Brown et al. 2021, 2022), including improved ‘self-efficacy’. This relates to 
confidence in being able to successfully manage different aspects of their farm, and is directly linked 
to wellbeing (Brown et al. 2022; Ogilvy et al. 2018). These benefits can extend beyond the farmer 
themselves, to the resilience of the farm business as a whole. Australian studies have shown links 
between improved wellbeing of regenerative farmers and their abilities to adapt to changing and 
adverse conditions, such as climate change (Sherren et al. 2012; Brown et al. 2022). 

More research is needed on the impacts of regenerative agriculture  
on profitability 
Further evidence is needed to directly measure the financial impact of sustainable farming practices 
that achieve positive environmental outcomes, as the evidence is still inconclusive about the relative 
profitability of regenerative agriculture compared to conventional agriculture. There are a small 
number of initiatives in Australia to collect and disseminate data on the productivity, cost and 
profitability of regenerative agriculture practices, which can be compared to equivalent metrics for 
conventional practices. For example, the Farming for the Future program is currently working to build 
the evidence base linking on-farm natural capital, productivity and business resilience (Farming for 
the Future 2022). Climateworks Centre’s Natural Capital Investment Initiative is also contributing to 
this field by creating tools and resources to support banks, land managers and food retailers to 
consistently measure the natural capital in their customer folios and supply chains.  

https://www.climateworkscentre.org/project/natural-capital-investment-initiative/
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5. Implications from the literature review: 
What’s needed to shift from on-farm to 
broader scale impact 

To fully realise the potential of regenerative agriculture, significant shifts in current agricultural 
practices are needed. Debates about regenerative agriculture’s limitations and potential need to be 
taken seriously, including broadening the evidence base to deepen understanding of trade-offs in 
relation to alternative paradigms for enhancing sustainability in agriculture. Such evidence can help 
add nuance to understanding which practices and combinations thereof, and in what contexts, are 
most beneficial. Deepening understanding of regenerative agriculture’s limitations and trade-offs can 
also help further inform what broader shifts in food and agricultural systems are needed to enable 
more sustainable land use, including but not limited to strengthening the enabling environment for 
regenerative agriculture.  

A number of opportunities to scale the impact of regenerative agriculture are outlined in this section. 
These include continued efforts to: develop an outcomes-based framework to move beyond 
definitional debates and enable context-specific adaptation; build the evidence base; support on-farm 
experimentation; and mainstream the measurement and valuation of natural capital in agricultural 
systems. Simultaneous effort is needed to address systemic issues, including reducing demand-side 
pressures on land from food systems and strengthening strategic decision-making around land use to 
more effectively consider broader co-benefits and trade-offs. 

Develop an outcomes-based framework 
As detailed in Section 2, there is a lack of consensus about which practices define regenerative 
agriculture and how it differs from other agricultural approaches, as well as what is important to 
measure to assess sustainability and environmental impact across the agricultural supply chain.  
An outcomes-based framework for regenerative agriculture could help to move beyond these debates 
by building consensus on key outcomes and appropriate benchmarks (related to factors such as 
climate, biodiversity, water use, productivity and profitability), and how they should be measured, 
while allowing context-specific practices and innovation (FOLU 2023). It is likely that different 
frameworks may emerge to meet the needs of different parts of the life cycle of agricultural goods,  
or particular commodities or geographic areas. This is appropriate to account for variation across 
contexts, but it will still allow for convergence around overarching sustainability outcomes. At a global 
level, Regen10 is a program of work that is developing principles, metrics and frameworks for 
regenerative agriculture. Harmonising outcomes, and metrics can help accelerate the uptake of 
promising practices by enabling supportive policy and unlocking finance. 

At a farm scale, an outcomes-based framework for on-farm sustainability could include principles, 
outcomes and metrics. The development of a framework and the farm-level metrics within it would 
need to involve farmers as well as First Nations peoples and other land managers who are custodians 
of, and working on Australia’s lands and waters. This would build a shared understanding of the 
outcomes being sought and how best to measure them. Drawing on experience and lessons from 
these groups is particularly important given the context-specific nature of regenerative agricultural 
impacts. To measure these experiences, farm-level metrics need to be practical to implement and 
include flexibility to suit different agricultural contexts. This flexibility can inform choices around which 
practices can operate at scale to support national and global goals. Climateworks Centre’s Natural 
Capital Investment Initiative is working to create consistency for on-farm measurement of natural 
capital (Climateworks Centre 2021). 

https://regen10.org/
https://www.climateworkscentre.org/project/natural-capital-investment-initiative/
https://www.climateworkscentre.org/project/natural-capital-investment-initiative/
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In addition to developing consistency around outcomes and on-farm metrics, there are other barriers 
that impact on-farm decisions, including capacity and capabilities. These barriers must be overcome if 
we are to scale up agricultural practices that can achieve regenerative outcomes. Building upon 
farmer and producer experiences to identify and work through additional barriers is vital, particularly 
given increasing interest from businesses and governments seeking to address impacts on nature in 
their supply chains. 

Strengthen the evidence base 
As previous sections demonstrate, there are areas where additional research could be undertaken to 
offer studies specific to the Australian context. Creating a robust, deeper evidence base of 
regenerative agriculture benefits will mean that practices, and combinations of practices, with the 
greatest impact can be prioritised on-farm and implemented at scale. This will be critical to addressing 
the complex challenges facing global food systems. It is also important that these studies involve and 
give back to the agricultural practitioners, land managers and First Nations peoples. 
On-farm studies should be complemented by broader landscape and national scale studies that can 
contextualise regenerative agriculture alongside other solutions and address strategic land use 
choices, such as those around land sparing or sharing. This is the focus of the Land Use Futures 
program, which is looking at a variety of solutions to support climate goals along with other 
environmental and socio-economic outcomes. This perspective is crucial to identifying potential trade-
offs in land use and maximising the potential for co-benefits. For example, where might nature-based 
solutions offer the greatest opportunity for biodiversity and climate outcomes without compromising 
food security? 

Support on-farm experimentation and learning 
As land managers and farmers search for more sustainable farming methods, experimenting and 
sharing lessons learned is an important part of shifting from on-farm to landscape and broader scale 
impacts. Academic research is critical but can also be a slow process, and there is value in 
simultaneously building farmers’ capacity to test and trial regenerative practices on Australian farms 
and valuing their contributions. 

There are already many successful examples of regenerative agriculture in Australia, but more can be 
done to remove barriers for trialling different practices and to enable a wider range of farmers to build 
capacity. For example, farmers need to be supported to test and trial the practices that best suit their 
farm’s specific conditions. This can involve access to specialists to assist farmers with decision-
making, including the design of trials and measurement of outcomes. As noted above, adopting an 
outcomes-based framework to create consistency about which on-farm data is measured is an 
important element of this.  

The strong emphasis on on-farm experimentation and local knowledge within the regenerative 
agriculture movement can be empowering while also leading to place-specific solutions. However, 
such experiments can lack generality. Connecting the findings from local experimentation with a 
supportive network of modelling and knowledge infrastructure can help contextualise and interpret 
results from on implementation at a particular location and time. 

Sharing knowledge is also key for building capacity and scaling up the adoption of sustainable 
farming practices. Successful examples of regenerative farms can act as demonstration farms, driving 
outreach that shares lessons learned and expertise to enable practice change among other land 
managers. There are already several successful initiatives that are working to support knowledge 
sharing and capacity building for regenerative agriculture in Australia, and further support for these 
and similar programs will continue to strengthen the evidence base. 
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Mainstream the measurement and valuation of natural capital in 
agricultural systems 

How data and evidence is used determines how measurement is incentivised and how results are 
acted upon. To support outcomes-based approaches, it is critical to track and monitor progress 
towards ‘best practice’ benchmarks. 

Most landholders recognise the need to protect the natural capital that underpins their production 
systems and provides wider benefits to society. However, the market-based system that landholders 
participate in does not assign a monetary value to natural assets and the various services provided by 
the environment. Recognising and rewarding landholders for the wide range of benefits that their land 
provides has the potential to drive improved stewardship of nature among and alongside productive 
land activities. 

Mainstreaming the valuation of natural capital throughout agricultural supply chains can help 
incentivise and reward farmers for measuring the outcomes of their practices, and for prioritising 
practices that support long-term sustainability over short-term productivity. Such efforts involve 
businesses, financial institutions and government taking into account the risks (e.g. reputational or 
financial) and benefits (e.g. consumer competitiveness) of better managing nature in relation to their 
long-term organisational goals. 

A number of efforts are underway to mainstream the measurement and valuation of natural capital. 
Globally, the Taskforce on Nature-related Financial Disclosures (TNFD) is a framework to enable 
companies and financial institutions to integrate nature into decision-making. In Australia the Natural 
Capital Investment Initiative (NCII) seeks to create an enabling social and institutional environment for 
consistent natural capital measurement at scale. Several pilot projects, including with National 
Australia Bank (NAB) and a major Australian food retailer, are underway through the NCII to trial 
incentive programs for measurement of natural capital. The program is also developing an open-
source, independent Natural Capital Measurement Catalogue that seeks to align consistent measures 
and methodologies of natural capital at the property scale. Creating this enabling environment for 
consistent and incentivised natural capital measurement will help Australia to be well positioned when 
the TNFD becomes a part of global regulatory frameworks.  

In order to drive uptake of measurement and valuation of natural capital at scale, industry, business, 
retailers and financial institutions need to incentivise and support their value chain stakeholders to 
undertake measurement, and the government needs to play an enabling role in supporting the private 
sector to do so. The cost of investing in measurement is expected to be minimal in comparison to the 
risks associated with the degradation of nature. On the flipside, a modest investment now can result 
in long-term benefits, including pre-empting changes in consumer preference and preparedness for 
regulation and risk reporting. 

Take a whole-of-system approach  
Achieving sustainable land use will require balancing competing demands for land. Land 
management must ensure we both reduce the direct environmental impact of agricultural practices, 
and also spare land for nature and biodiversity, in order to support climate and other environmental 
goals. By working with nature, regenerative agriculture is an important pathway to more sustainable 
agriculture. However, the levels of uncertainty and limitations in impacts, along with concerns about 
yield and hence land sparing implications, must be acknowledged. These point to the need for a full 
suite of solutions to balance competing pressures on land to meet climate and other sustainability 
targets, while still meeting growing demands for agricultural production. A number of organisations 
are engaged in efforts to transform Australia’s food system, including CSIRO’s Food and Agribusiness 
Roadmap (CSIRO 2022).  

https://tnfd.global/
https://www.climateworkscentre.org/resource/natural-capital-measurement-catalogue/
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Reduce demand-side pressures on land  
What is produced, at what scale, and by whom, has implications for how it can be produced. This 
influences the viability of regenerative agriculture at scale. Exploring opportunities for synergies with 
more intensive approaches, supported by technological innovation, may help address this to some 
extent. Such innovations should be considered as complementary to regenerative agriculture, by 
reducing pressures on land for highly intensive processes that are more difficult to reconcile with 
regenerative outcomes. 

However, no supply-side solutions are likely to sustainably meet current patterns of demand, 
especially as populations continue to grow. So changing consumer preferences, particularly reducing 
demand for animal protein, is also crucial for reducing pressures on land. Innovations in and scaling 
of alternative proteins can be a key enabler to shift demand. Reducing food loss and waste is also 
important for easing demand-side pressures on land. As part of the Land Use Futures program, 
Climateworks is collaborating with Deakin University to model the impacts of a range of demand and 
supply-side factors on the environmental impacts of agricultural production. 

Coordinate action to align land use with national nature and  
climate goals  
An interrelated set of implications relates to the way decisions are made about how land is used and 
managed to be aligned with climate and nature goals, while balancing co-benefits and trade-offs. 
Achieving the needed scale of action in the land sector requires taking into account the complexity 
surrounding decisions about how land is used, and the opportunity cost associated with that use. This 
may indeed be supported by elements within the regenerative agriculture movement that promote a 
redefinition and transformation of relationships to land, but action is also required from beyond the 
agricultural sector.   

Coordinated action to align land use planning with national nature and climate goals can help balance 
the pressures and demands on land to deliver multiple benefits. This includes enabling and 
supporting nature-based solutions within agricultural systems, while sparing land for nature-based 
solutions outside of agriculture. A nation-wide, strategic approach to land use decision-making can 
also support informed decisions about how to manage trade-offs, enabling a more equitable and just 
transition for farmers, consumers and other landholders including First Nations peoples.  

It is also worth noting that the proponents of the differing paradigms for achieving more sustainable 
agriculture tend themselves to differ in their composition. Sustainable intensification relies more on 
external inputs and expert knowledge, with high capital requirements, thus favouring large scale 
farmers and agribusinesses. Regenerative agriculture proponents often stress the importance of 
reducing external inputs, and valuing local knowledge and experimentation. While these principles 
can align more with smaller or independent farmers (Mockshell and Kamanda 2018), regenerative 
agriculture now features strongly in the narratives of large agrifood corporations as part of their target 
setting related to environmental footprints (as opposed to the concept of agroecology with broader 
focus on social impacts) (Cabral et al. 2022). How sustainability itself is defined is partially at stake 
here, particularly the relative value assigned to economic or productivity gains compared to the 
ecological and social dimensions of sustainable agriculture, but also, who stands to win and lose from 
gains and trade-offs. These factors also need to be taken into account to promote a just transition in 
the land use sector. 
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6. Conclusions 

This paper investigates the potential benefits and limitations of regenerative agriculture for Australia 
across a set of environmental and economic outcomes and draws out implications for what might be 
needed to move from on-farm to broader scale solutions.  

Regenerative agriculture is growing in prominence globally (Giller et al. 2021) and there is increasing 
momentum behind its potential as a sustainable agriculture practice that can achieve climate and 
other environmental outcomes while producing healthy food and fibre.  

Regenerative agriculture has the potential to deliver a range of benefits, including improved soil health 
and biodiversity. While there is emerging evidence that, in some situations, regenerative agriculture 
can reduce emissions and sequester carbon, more research is required to better understand the 
contribution it can make to broader climate change mitigation and land use strategies. There is also 
growing evidence to suggest regenerative agriculture can support adaptation and resilience to climate 
change through reducing fluctuations in productivity in the face of weather variability, and improving 
farmer wellbeing in the face of these shocks and pressures. A number of these findings mirror 
research into the global experience, which found regenerative agriculture can create benefits for a 
number of environmental outcomes, but also showed there are gaps in evidence, and advocated for 
an outcomes-based framework to measure impacts (FOLU 2023).  

Improving agricultural production is critical to addressing challenges in the food and land use sector. 
This includes a role for practices that achieve regenerative outcomes. To support the scaling up of 
regenerative agricultural practices we suggest:  

+ Developing an outcomes-based framework to help move beyond debates about the definition 
of regenerative agriculture, and instead shift the focus to measuring the impact of a range of 
sustainable farming methods  

+ Continuing to strengthen the evidence base for regenerative agriculture through Australian-
specific research  

+ Supporting farmers to trial new practices and share knowledge 

+ Mainstreaming the measurement and valuation of natural capital in agricultural systems. 

However, support for sustainable agriculture practices needs to be considered as part of a broader 
suite of solutions that include major shifts across other aspects of the food and land use system, such 
as changing diet and reducing food waste and loss, and strategic approaches to land use planning 
that balance climate, nature, economic and cultural objectives. Ultimately, the role of regenerative 
agriculture should be approached as one part of the broader system shifts required in the food and 
agricultural sector to support climate and other sustainability goals, shifts which in turn could support 
the scalability of regenerative agricultural practices. 

Climateworks Centre is working to support these areas through its Land Use Futures program and the 
Natural Capital Investment Initiative. These programs aim to identify how decision-makers in Australia 
can support the pursuit of net zero emissions and broader sustainability goals in the land use sector.  
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