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Abstract: Ambitious GHG mitigation opportunities and challenges in the agriculture sector  

Climate change poses a significant threat to ecosystems and livelihoods, necessitating urgent 

reductions in greenhouse gas emissions. A substantial portion of global emissions stem from 

food systems, encompassing crop and livestock production, land use, and the food production 

value chain. Monocultures and agricultural intensification further exacerbate biodiversity loss, 

pollution, and strain water resources. Shifting towards plant-based diets and adopting 

agricultural mitigation measures is vital to align emission levels with the goals of the Paris 

Agreement and remain within planetary boundaries. This report presents findings of the project 

“Ambitious GHG Reduction in Agriculture: Analysis of Sustainable Potentials in Selected Priority 

Countries" (FKZ 3720 41 504 0) regarding key mitigation options for agricultural and food 

system activities, barriers towards their implementation and solutions for overcoming these, as 

well as climate change mitigation potentials and barriers within the agricultural sector of ten 

selected countries. This report also describes the methods (including literature estimates) used 

to evaluate the mitigation potential of selected measures in each of the countries and the 

challenges encountered implementing those methods. Examining the mitigation potential and 

implementation challenges for agricultural mitigation measures across a diverse set of countries 

underscores the need for tailored solutions to account for unique cultural, geographical, and 

climatic contexts within the agricultural sector. The findings of this project also underline the 

vital role of agriculture in climate targets, sustainable development, and food security. A 

collaborative, global effort is required to shift towards sustainable food systems in the face of 

growing climate change impacts. 

Kurzbeschreibung: Ambitionierte Treibhausgasminderung in der Landwirtschaft: Analyse von 
nachhaltigen Potenzialen in ausgewählten Schwerpunktländern 

Die Klimaerwärmung bedroht Ökosysteme und Lebensgrundlagen und macht eine Verringerung 

der Treibhausgasemissionen dringend erforderlich. Ein beträchtlicher Teil der globalen 

Emissionen stammt aus dem Ernährungssystem, das die Pflanzen- und Tierproduktion, die 

Landnutzung und die Wertschöpfungskette der Lebensmittelproduktion umfasst. Monokulturen 

und die Intensivierung der Landwirtschaft verschärfen den Verlust der biologischen Vielfalt, die 

Umweltverschmutzung und die Belastung der Wasserressourcen noch weiter. Die Umstellung 

auf eine pflanzliche Ernährung und die Einführung von Maßnahmen zur Emissionsminderung in 

der Landwirtschaft sind von entscheidender Bedeutung, um die Emissionswerte mit den Zielen 

des Pariser Abkommens in Einklang zu bringen und innerhalb der planetaren Grenzen zu 

bleiben. Der vorliegende Bericht präsentiert Ergebnisse des Projekts „Ambitionierte THG-

Minderung in der Landwirtschaft: Analyse nachhaltiger Potenziale in ausgewählten 

Schwerpunktländern" (FKZ 3720 41 504 0) in Bezug auf die wichtigsten Minderungsoptionen 

für Aktivitäten in der Landwirtschaft und im Ernährungssystem, Hemmnisse für die Umsetzung 

dieser Optionen und Lösungsansätze zu deren Überwindung sowie auf Klimaschutzpotenziale 

und Barrieren innerhalb des Agrarsektors in zehn ausgewählten Ländern. Dieser Bericht 

beschreibt auch die Methoden (einschließlich der Verwendung von Vergleichsliteratur), die zur 

Bewertung des Minderungspotenzials ausgewählter Maßnahmen in jedem der Länder 

verwendet wurden, sowie die Herausforderungen, die bei der Umsetzung dieser Methoden 

aufgetreten sind. Die Untersuchung des Minderungspotenzials und der Herausforderungen bei 

der Umsetzung von Minderungsmaßnahmen in der Landwirtschaft in einer Vielzahl von 

Ländern unterstreicht die Notwendigkeit maßgeschneiderter Lösungen, die den spezifischen 

kulturellen, geografischen und klimatischen Gegebenheiten des jeweiligen Agrarsektors 

Rechnung tragen. Die Ergebnisse dieses Projekts unterstreichen außerdem die entscheidende 

Rolle der Landwirtschaft für Klimaziele, nachhaltige Entwicklung und Ernährungssicherheit. 
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Gemeinsame, globale Anstrengungen sind nötig, um unsere Lebensmittelsysteme, nachhaltig zu 

transformieren. 
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Figure 1:  Agriculture, fisheries, and forestry's contribution to GDP (2019) 

 

Source: World Bank (2022) data for all countries except New Zealand due to lack of data. Value for New Zealand was taken 

from OECD (2021). 

The extent of agricultural employment also considerably varies across the countries (Figure 2). 

Countries such as the US, Australia, Argentina, etc. have low employment rates due to the high 

degree of mechanisation, while the agricultural sector makes up about a quarter of employment 

in Indonesia, Egypt, and China. The nature of the farming can be very different; in some 

countries smallholder farming practices are dominant while in other countries there are a few, 

large farms. In general, the agricultural sector has become increasingly consolidated since the 

1990s, with large-scale operations making up an ever-greater share of agricultural production 

and land. Although mitigation options may be similar, the barriers and challenges to 

implementation can be quite different across farm sizes. The agricultural sector plays an 

important role in rural development and poverty alleviation, especially for smallholder farmers 

in developing countries that aim to transition from subsistence to commercial farming. 
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Figure 2:  Agricultural employment as a share of total workforce (2019) 

 

Source: World Bank (2021) data for all countries except Argentina due to data discrepancy. Value for Argentina was taken 

from ILO (2021). 

Most of the countries studied have a significant portion of their land dedicated to the 

agricultural sector (Figure 3). On the low end is Egypt, who has a miniscule portion of arable 

land concentrated around the Nile delta as well as no designated pastureland, as livestock are 

either kept in stables or raised on the same land used to grow crops. South Africa’s agricultural 

land makes up almost 80% of the country’s total area, but only a small portion is considered 

arable and of high agricultural potential. Pasture land dominates the agricultural land use in 

many countries since livestock often graze on marginal land where other crops cannot be grown. 
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Figure 3:  Agricultural land as a share of total country area (2019) 

 

Source: FAO (2022b) data for all countries. Data includes “Cropland” and “Land under permanent meadows and pastures”. 

The agricultural sector and water security are highly interlinked, especially in water-scarce 

countries such as South Africa, Australia and Egypt. The agricultural sector is responsible for 

most water use in these countries, which has led to some controversy as to how the resources 

are distributed. 

3.2.2.1 Key emission sources and entry points for mitigation actions 

A first step in identifying priority mitigation options for each country was to identify the 

dominant emissions sources, which also helped us understand the similarities and differences in 

the agricultural sector across the countries. It is informative to examine the sources of emissions 

both in absolute terms (Figure 4; Figure 6) and as a share of the total (Figure 5; Figure 7) 

agricultural emissions.  

Key emission sources vary somewhat by country (compare the above-mentioned figures), but 

there are some predominant patterns. Enteric fermentation, manure management, manure 

deposited on agricultural land and on-farm energy use are the most substantial contributors to 

agricultural emissions across all countries, with enteric fermentation commonly being the 

largest source. 

The livestock sector, specifically cattle, dominates the agricultural emissions profiles across all 

the countries studied. In some of the analysed countries, emissions from other livestock can 

significantly contribute to agricultural GHG emissions. For instance, Egypt has a considerable 

buffalo population that is responsible for almost half of the country's enteric fermentation 

emissions. New Zealand’s large sheep population has a sizable contribution to total enteric 

fermentation emissions. In China, pigs are the dominating livestock. 

High-productivity, intensive systems have high-yielding cattle that are either concentrated in 

confinement systems or grazing on high quality pastures with supplemented feed (i.e. grain-

finishing). The productivity of these systems are high and enteric fermentation emission 
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3.2.2.4 Vulnerability of the agricultural sector 

The agricultural sector is at high risk from climate change impacts, and all countries have 

already been affected in one way or another. Australia, South Africa, China and Argentina have 

all faced droughts in recent years, which affected yields and caused considerable livestock 

deaths. Drought episodes, other natural disasters (e.g. floods), and pest outbreaks are expected 

to become more frequent as global temperature increases. Crop production will likely be 

displaced across regions as general climactic conditions change. Livestock systems across 

countries are vulnerable to heat stress, affecting their productivity and profitability. Most 

countries have developed a national adaptation strategy, which cite regenerative agricultural 

practices as an important adaptation component.   

Figure 4:  Sources of agricultural emissions in the selected non-Annex I countries, presented 
as absolute values (2019)  

 

Source: FAO (2021a) 
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Figure 5:  Sources of agricultural emissions in the selected non-Annex I countries, presented 
as a share of total agricultural emissions (2019) 

 

Source: FAO (2021a) 
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Figure 6:  Sources of agricultural emissions in the selected Annex I countries, presented as 
absolute values (2019) 

 

Source: Australian Government (2022a), New Zealand Ministry for the Environment (2022), UK Government (2022), United 

States of America (2022b)14 

 

 

 

 

 

 

14 While on-farm energy use is generally reported under energy sector emissions for national data, we include it as an agriculture-
related emission source in this study because of its role in agricultural production (fuel use in harvesters, stable heating, grain drying 
etc.) and its relevance in several countries in terms of magnitude and mitigation potential. On-farm energy use was taken directly 
from the New Zealand and UK national GHG inventories. However, this data was not available for Australia and the U.S., and we 
opted to use FAO data. Due to the rather high uncertainties in FAO data, no mitigation measures for on-farm energy use are 
evaluated in the country papers. We refer to 2019 instead of 2020 data, which was the latest data available at the time of writing, due 
to COVID-related economic dynamics that affected national emissions in 2020. 
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Figure 7:  Sources of agricultural emissions in the selected Annex I countries, presented as a 
share of total agricultural emissions (2019) 

 

Source: Australian Government (2022a), New Zealand Ministry for the Environment (2022), UK Government (2022), United 

States of America (2022b)10 

3.3 Quantification of mitigation potential in selected countries 

3.3.1 General approach to quantification 

Globally, mitigation potentials from reducing on-farm agriculture emissions are low compared 

to the carbon sequestration potential on agricultural land or in forests (Figure 8, Roe et al. 

2021). Notably, demand-side measures of reducing food waste and changing diets have a higher 

overall mitigation potential compared to technical mitigation measures. In addition, there are 

positive indirect effects from dietary changes and reduction of food waste of preventing land use 

change and releasing land from agricultural production, as well as the reduced pressure on 

natural resources, although it is difficult to compare direct versus indirect emissions sources. 

However, to meet the Paris Agreement’s 1.5°C warming limit, all avenues to reduce emissions 

will need to be pursued. As agricultural CH4 and N2O emissions are impossible to eliminate 

entirely, any emissions remaining will need to be counter-balanced in a net-zero, or net-

negative, GHG emissions world. Reducing these emissions as far as possible, while still 

sustainably feeding the world’s population, will reduce the need for carbon dioxide removal 

later in the century. It is therefore still worthwhile identifying what on-farm agricultural 

emissions can be minimised.  

In section 2.1 of this report, we delineate the main mitigation options in the agricultural sector. 

Here we examine their mitigation potential and how that varies between countries. Three main 

elements contribute to where the most mitigation potential lies in a country: firstly, the main 

emission sources in the country, secondly, the footprint of existing agricultural systems in terms 
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Figure 8:  Global mitigation potential of mitigation measures related to forests and other 
ecosystems, agriculture and demand side 

 

Source:  Roe et al. (2021) 

Under this project, it is not feasible to quantify the full mitigation potential for each country 

since agricultural systems are extremely complex and multi-faceted. As such, we focus on three 

priority measures. The selection of these measures is determined based on the background 

research for that country and a set of prioritisation criteria, as outlined below (section 3.3.2).  




