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Summary: For Australia to meet its Paris Agreement commitment, strong climate policies will be 

required to address the particular challenges facing the land sector. Policies in the agriculture sector 

should focus on reducing non-CO2 emissions, increasing soil carbon in agricultural areas for 

agronomic benefits, and protecting and enhancing storage in long-term carbon stocks, such as 

agroforestry and native forests.  

Overarching considerations: Under the Paris Agreement, all sectors need to approach zero 

emissions as soon as possible. The exception to this rule is the agriculture sector, where residual 

emissions will remain for food production. The land sector (agriculture and forestry) is also the only 

sector with the potential for emissions removals, although these can be difficult to achieve and 

subject to reversal. Research shows that although the agronomic benefits from sequestering carbon 

in agricultural soils are significant, the climate mitigation benefits are limited due to the potential for 

reversal and difficulty increasing soil carbon with long residence time (Lam et al. 2013; Powlson et al. 

2011). Woody biomass represents a higher potential for sequestering carbon and maintaining a 

carbon stock. Australia, with some of the most carbon-dense native forests in the world (Keith et al. 

2009) has a unique opportunity for carbon removal through native forest restoration. 

General topics: 

The agriculture sector, its challenges and opportunities including improving productivity, climate 

change impacts and natural resource management (NRM) 

The most significant emissions reductions in agriculture can be achieved through focusing on 

permanent reductions of non-CO2 emissions. Methane comprises the major proportion of the 

emissions from the agricultural sector and represents waste in terms of conversion of feed into 

livestock growth. Further research into reducing methane emissions including dietary 

improvements, research into rumen biology, and the genetic contribution to methane emissions 

could contribute to substantial permanent reductions in agricultural emissions while improving the 

efficiency of livestock systems. Similarly, reductions in nitrous oxide emissions mean improvements 

in the nitrogen use efficiency of farming systems. Promoting management practices, including 

precision agriculture, that reduce nitrogen losses will have multiple benefits including reduced 

emissions, reduced costs, and environmental co-benefits such as improved surface water quality.  

Options to involve the private sector in creating new markets for NRM outcomes and environmental 

services 

With the Paris Agreement, the market for international offsets is likely to decline, given that all 

countries now have binding mitigation obligations.  The small emissions budget for achieving the 



Paris Agreement target of ‘well below 2°C’ requires rapid emissions reductions in all sectors, 

meaning that while trading of emissions to maximise cost efficiency may continue, offsetting will 

need to be phased out.  

Enabling and redirecting private sector investment to fund sustainable land use at scale provides 

promising alternatives to reduce emissions and increase productivity in the agriculture sector. 

Innovative financial mechanisms to ‘green’ land-use investment flows include natural capital bonds, 

greening commodities, subsidy reform, and aggregated financial risk schemes. A particular issue in 

the agricultural sector is matching diverse production activities to standardised financing and 

insurance schemes, where innovative investment strategies focused on sustainability can increase 

rate of returns (McGrath and Murray, 2016). Finally, there is an urgent need for redirecting research 

investment from input based to sustainable agriculture, notably agroecology (DeLonge et al, 2016). 

Consultation questions 

Q.1 Are there particular land sector abatement activities, or data on land sector abatement costs, 

that the Authority should consider when conducting the research? 

Branca and others (2015) estimate the benefits of improved agronomic practices, integrated 

nutrient management, tillage and residue management, agroforestry, and water management for 

tropical-dry and tropical moist climate zones. Improved agronomic practices and integrated nutrient 

management gave the most benefits in an analysis based on conditions in Malawi, but the findings 

have relevance for some regions of Australia. Aertsens et al. (2013) demonstrate that agroforestry is 

the measure with the highest mitigation potential in European agriculture (90% of mitigation 

potential of measures studied). Further research on the mitigation potential of agroforestry in the 

Australian context is warranted (Doran-Browne et al 2017).  

Q.3 How can the government, non-government and private sectors address these challenges?  

Strong policy for addressing climate change and meeting Paris Agreement commitments will address 

all of the four challenges outlined. Ambitious policy goals and policy certainty regarding climate 

change will reduce emissions, reduce climate impacts, conserve natural capital and ease the task of 

increasing productivity. Meeting demands for increased productivity will become increasingly 

difficult as climate impacts associated with high emissions scenario develop. Rapid emissions 

reductions will reduce the expected climate impacts to both agricultural yields and natural capital 

(Shaw et al. 2011; Tebaldi and Lobell 2015; Monier et al. 2016). Research into profitable ways to 

increase soil carbon and implement agroforestry practices, particularly in a drying climate, would be 

useful in meeting productivity and sustainability challenges. 



Q29: What role, if any, could soil conservation laws, policies and agencies play in promoting land 

management practices that increase the storage of carbon in soils? 

We strongly recommend that soil conservation agencies encourage increases in soil carbon on 

agricultural lands for farmers’ own benefit. Soil carbon provides substantial on-farm benefits (Meyer 

et al. 2015), including increased water-holding capacity, increased nitrogen mineralisation, improved 

soil structure and porosity and increased yield potential (Stevenson and Cole 1999; Wander and 

Nissen 2004; Rice et al. 2007; Lal 2011). Providing incentives and removing barriers for farmers to 

increase soil carbon for their own benefit would provide productivity and mitigation benefits 

without the risks associated with trading carbon credits.   

Q30: What barriers exist to uptake of soil conservation projects through the ERF? 

A number of barriers exist that discourage uptake of soil carbon conservation projects through the 

ERF. Increasing soil carbon can be an expensive undertaking on Australian farms, as it can require 

investments in new equipment, higher nutrient inputs (Carlyle et al. 2010; Kirkby et al. 2011; Lam et 

al. 2013) or additions of costly organic amendments (Sale et al 2012). There are added expenses 

associated with monitoring and verification, if these increases in carbon are to be traded (Smith 

2004; Sanderman et al. 2010). There is also substantial uncertainty in projected future precipitation 

trends in Australia (Timbal et al. 2017). If the climate continues to dry, meeting carbon management 

commitments will be even more difficult and likely require trade-offs, such as reducing stocking rate, 

that could impact farm profitability (Moore and Ghahramani 2013). The risks associated with 

meeting targets and the potential trade-offs pose large risks that far outweigh the potential benefits 

of trading soil carbon offsets. There are also limitations in the extent to which methodologies can 

generate carbon offsets even in the current climate. For instance, it is likely that in high productivity 

systems in areas with relatively high rainfall, carbon uptake by the soil will not be enough to offset 

emissions associated with grazing (Meyer et al. 2016). Given all these limitations as well as concerns 

that increases in soil carbon not be used to allow other sectors to continue emitting, incentivising 

increased soil carbon for increased productivity and on-farm benefits should be considered the 

primary policy driver.   



References 

Aerstens, J, De Nocker, L, Gobin, A (2013) Valuing the carbon sequestration potential for European 
agriculture. Land Use Policy, 31, 584-594 

Branca, G, Lipper, L, Sorrentino, A (2015) Cost-effectiveness of climate-related agricultural investments in 
developing countries: a case study. New Medit 14, 

Carlyle, J, Charmley, E, Baldock, J, Polglase, P, Keating, B (2010) Agriculture Greenhouse Gases and Mitigation 
Options. In ' Adapting Agriculture to Climate Change: Preparing Australian Agriculture, Forestry, and 
Fisheries for the Future.' (Eds C Stokes, M Howden.) pp. 296 pp. (CSIRO Publishing Collingwood, 
Victoria, Australia. ) 

DeLonge, M, Miles, A, Carlisle, L (2016) Investing in the transition to sustainable agriculture. Environmental 
Science and Policy, 55, 266-273. 

Doran-Browne, N, Wootton, M, Taylor, C, Eckard, R. (2017) Offsets required to reduce the carbon balance of 
sheep and beef farms through carbon sequestration in trees and soils. Animal Production Science. In 
Press 

Keith, H, Mackey, BG, Lindenmayer, DB (2009) Re-evaluation of forest biomass carbon stocks and lessons 
from the world's most carbon-dense forests. Proceedings of the National Academy of Sciences 106, 
11635-11640. 

Kirkby, CA, Kirkegaard, JA, Richardson, AE, Wade, LJ, Blandchard, C, Batten, G (2011) Stable soil organic 
matter: A comparison of C:N:P:S ratios in Australian and other world soils. Geoderma 163, 197-208. 

Lal, R (2011) Sequestering carbon in soils of agro-ecosystems. Food Policy 36, S33-S39. 
Lam, SK, Chen, D, Mosier, AR, Roush, R (2013) The potential for carbon sequestration in Australian 

agricultural soils is technically and economically limited. Scientific Reports 3, 2179. 
McGrath, M, Murray, L (2016) Sustainable farmland investment strategies. Yale School of Management and 

Yale School of Forestry. 
Meyer, R, Cullen, BR, Eckard, RJ (2016) Modelling the influence of soil carbon on net greenhouse gas 

emissions from grazed pastures. Animal Production Science 56, 585-593. 
Meyer, R, Cullen, BR, Johnson, IR, Eckard, RJ (2015) Process modelling to assess the sequestration and 

productivity benefits of soil carbon for pasture. Agriculture, Ecosystems & Environment 213, 272-
280. 

Monier, E, Xu, L, Snyder, R (2016) Uncertainty in future agro-climate projections in the United States and 
benefits of greenhouse gas mitigation. Environmental Research Letters 11, 055001. 

Moore, AD, Ghahramani, A (2013) Climate change and broadacre livestock production across southern 
Australia. 1. Impacts of climate change on pasture and livestock productivity, and on sustainable 
levels of profitability. Global Change Biology 19, 1440-1455. 

Powlson, DS, Whitmore, AP, Goulding, KWT (2011) Soil carbon sequestration to mitigate climate change: a 
critical re-examination to identify the true and the false. European Journal of Soil Science 62, 42–55 

Rice, CW, Fabrizzi, K, White, P (2007) Benefits of Soil Organic Carbon to Physical, Chemical, and Biological 
Properties of Soil. In 'Soil Carbon Management: Economic, Environmental and Societal Benefits.' (Eds 
JM Kimble, CW Rice, D Reed, S Mooney, RF Follett, R Lal.) pp. 155-162. (CRC Press: Boca Raton, 
Florida) 

Sale, P, Gill, J, Peries, R, Tang, C. 2012 Subsoil manuring on problem clay soils: increasing crop yeilds to the 
next level. Proceedings of the 16th Australian Agronomy Conference. Armidale. http://www. 
regional. org. au/au/asa/2012/soil-water-management/8105_salepw  

Sanderman, J, Farquharson, R, Baldock, J (2010) Soil carbon sequestration potential: a review for Australian 
agriculture. CSIRO. 

Shaw, MR, Pendleton, L, Cameron, DR, Morris, B, Bachelet, D, Klausmeyer, K, MacKenzie, J, Conklin, DR, 
Bratman, GN, Lenihan, J, Haunreiter, E, Daly, C, Roehrdanz, PR (2011) The impact of climate change 
on California’s ecosystem services. Climatic Change 109, 465-484. 

Smith, P (2004) Monitoring and verification of soil carbon changes under Article 3.4 of the Kyoto Protocol. 
Soil use and management 20, 264-270. 



Stevenson, FJ, Cole, MA (1999) 'Cycles of soils: carbon, nitrogen, phosphorus, sulfur, micronutrients.' (John 
Wiley & Sons: New York) 

Tebaldi, C, Lobell, D (2015) Estimated impacts of emission reductions on wheat and maize crops. Climatic 
Change 1-13. 

Timbal, B, Fiddes, S, Brown, JR (2017) Understanding south-east Australian rainfall projection uncertainties: 
the influence of patterns of projected tropical warming. International Journal of Climatology n/a-n/a. 

Wander, M, Nissen, T (2004) Value of Soil Organic Carbon in Agricultural Lands. Mitigation & Adaptation 
Strategies for Global Change 9, 417-431. 

 


	Submission to the Climate Change Authority
	AUTHORS: Rachelle Meyer, Kate Dooley and Elisabeth Vogel
	Action on the land: reducing emissions, conserving natural capital and improving farm profitability – an issues paper


