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Abstract 

This paper aims to give an analytical assessment of country’s level experience in moving towards 

agricultural decarbonization – from the idea of potential decarbonization measures to the assessment 

of their potential, the inclusion of the measure in political goals and practical implementation success. 

This paper is based on 10-year cycle that highlight main steps in building decarbonization awareness 

and an approach that can be used for monitoring, quantifying and evaluating the contribution of 

agriculture to climate change mitigation. This approach is based on the Marginal Abatement Cost 

Curve (MACC), which serves as a convenient and visual tool for evaluating the effectiveness of 

various agriculture greenhouse gas emission reduction measures and for climate policy planning. 

This study reveals the experience to date and the main directions in developing the MACC approach, 

which serves as a basis for analysing the potential of one specific European Union Member state, i.e., 

Latvia, agriculture for moving towards decarbonization. The results of the study are of practical use 

for the development of agricultural, environmental and climate policy or legal framework, policy 

analysis and impact assessment. As well findings of this study are useful for educating farmers and 

the public about measures to reduce GHG and ammonia emissions. 

Keywords: marginal abatement cost curve; tool; agriculture; decarbonization; strategy 

 

1. Introduction 

An analysis of statistics on world population changes and United Nations projections of 

population change [1] reveals that the demand for resources and emissions from the consumption 

thereof will be a long-term global problem. The world population is projected to peak at the end of 

this century at a total of 10.3 billion [1].  

An additional factor behind the increase in resource consumption is the convergence of global 

economic growth, with less developed regions maintaining a faster rate of economic growth 

compared with the developed world [2]. Unfortunately, global economic growth is subject to 

significant externalities. The present research highlights two of the most important externalities: the 

continuing global industrialization process and the increasing demand for food [3]. The economic 

growth externalities continue to result in increased overexploitation of non-renewable resources, 

thereby leading to increased greenhouse gas emissions (greenhouse gases include carbon dioxide, 

methane, and nitrous oxide) into the natural environment, causing global temperatures to rise, 

contributing to a range of environmental degradation and social problems [4]. Global monitoring 

data on atmospheric concentrations of greenhouse gases (carbon dioxide (CO2)) show a significant 

increase in atmospheric CO2 concentrations from 285 parts per million (ppm) in 1850 to 425.79 ppm 

in 2024 [5]. The atmospheric concentration of CO2 has increased by 6.6% over the last 10 years. 

Under current economic growth trends, resource extraction and consumption are projected to 

increase by 119% between 2015 and 2050, from 84 to 184 billion tons per year, while greenhouse gas 

emissions are projected to increase by 41% [6]. 

The growth of the global economy has a significant impact on consumer food choices. Statistical 

evidence and projections point to a significant increase in meat consumption in the economic growth 
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regions. Average global demand for beef, sheep, goat, pig and poultry meat, milk and eggs is 

projected to increase by 14% per capita between 2020 and 2050 and by 38% overall if consumer income 

and population growth trends continue at current rates [7]. 

The current global economic growth pattern is not sustainable in the long term due to the 

externalities it generates. In fact, economic growth threatens sustainability. This is confirmed by the 

climate change statistics analysed [5] and the long-term projections of resource consumption made 

[6]. 

The increase in global temperatures caused by greenhouse gases has already caused significant 

damage to the living environment: extinction of some species, loss of biodiversity, drought, food 

insecurity, forest fires, ocean acidification, melting of the North and South Pole Glaciers (NSPG) and 

the rising sea level [8,9]. 

On 12 December 2015, 197 Parties to the United Nations Framework Convention on Climate 

Change (UNFCCC) unanimously agreed at the Paris Climate Change Conference (PCCC) to adopt 

the Paris Agreement, which sets out plans for global action to tackle climate change beyond 2020. 

Under the Paris Agreement, each country agreed to limit global temperature increases to less than 2 

°C and to work on limiting global temperature increases to less than 1.5 °C [10]. By February 2021, 

124 countries had declared their intention to become carbon neutral and achieve net zero carbon 

emissions by 2050 or 2060 [11]. 

Thus, transformation of traditional economy towards climate neutral or net zero economy has 

become global initiative and feature of 21st century. The terms carbon neutrality and net-zero carbon 

emissions are referred to in climate change mitigation policy documents. The terms are used to 

describe the mitigation actions that are included in the policy documents and the measures taken. A 

correct understanding of the terms is a basis for ensuring coherent national action to mitigate climate 

change. Carbon neutrality refers to the point at which CO2 emissions into the atmosphere, in per unit 

terms, are offset by sequestration over a given period, thus achieving a CO2 balance in the 

atmosphere. Carbon neutrality is the term used to describe a system in which all carbon emitters and 

sinks participate. The cooperation between emitters and sinks results in a balance of CO2 emissions, 

thus having no impact on climate change [12]. 

The term net-zero carbon emissions has a different meaning, as it is the responsibility of all CO2 

emitters to reduce the emissions into the atmosphere. This means that every single resource consumer 

must develop a Net-Zero Carbon Emissions Resource Use System, which involves storing or 

sequestering all the emissions from economic activities into the atmosphere [12,13]. The two 

theoretical terms referred to in policy documents allow us to explain the EU’s overall goal of 

achieving climate neutrality – a net-zero carbon economy by 2050. This goal is at the heart of the 

European Green Deal and, thanks to the European Climate Act, is a legally binding target for all the 

EU Member States [14]. 

At the end of 2023 around 145 countries, including China, European Union, United States of 

America, India, had announced or are considering net zero targets. These targets are key to reduce 

global carbon dioxide and other greenhouse gas emission to net zero around 2050 and 2070 [15].  

Topicality of net zero targets in scientific discussion emerged in first decade of 21st century when 

scientists began focusing more on the close relationship between total amount of anthropogenic CO2 

emissions and global temperature change [16,17]. In 2014, the Intergovernmental Panel on Climate 

Change (IPCC) highlighted this finding, along with the implication that limiting global temperature 

change to any given level requires a point at which net additions of CO2 into the atmosphere reach 

zero [18]. It has created a challenge for many countries how to develop well-designed and implement 

ambitious net zero targets for national economies to meet global commitments and reach national 

greenhouse gas reduction targets. 

Comparison of adopted net zero targets and analysis of existing experience [19] shows that when 

countries develop their plans to reach net zero emissions, they face several choices and need to 

answer to several key questions. These include what exactly “net zero” means for them, how long it 

will take to get there, which sectors and greenhouse gases to focus on, and whether they’ll rely on 
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capturing carbon or international cooperation to achieve their goals. World resource institute [19] 

argues that to maximize the contribution of net-zero targets to drive decarbonization in line with 

climate science, countries should consider the following recommendations can be considered: 

achieving net-zero emissions will require fundamental shifts in how society operates; net-zero targets 

should be comprehensive and cover all greenhouse gases and all sectors; governments should 

establish specific time frames for achieving targets; countries with the highest emissions and greatest 

responsibility and capability should adopt the most ambitious target time frames; separate targets 

should be set for GHG emissions reductions and net-zero or net-negative emissions; countries should 

transparently communicate their net-zero targets.  

In order to get answers to specific questions and to implement recommendations related with 

net zero targets close communication and cooperation between policy makers and scientists is 

essential. Purpose of this paper is to give an analytical assessment of country’s level experience in 

moving towards agricultural decarbonization – from the idea of potential decarbonization measures 

to the assessment of their potential, the inclusion of the measure in political goals and practical 

implementation success by using Marginal Abatement Cost Curve (MACC) as supportive tool. 

2. Materials and Methods 

The contribution of agriculture to climate change mitigation and the achievement of the climate 

and environmental objectives set by the European Union depends on how successfully and to what 

extent measures to reduce greenhouse gas (GHG) emissions are implemented in practice, as well as 

on how their impact is assessed and monitored. The subject of this study is the MACC - tool used for 

planning and implementing agricultural decarbonization strategy. This study is structured in two 

thematic blocks that demonstrate comprehensive methodology from theory to practical policy 

implications:  

• Block 1: MACC theoretical and historical analysis summarizes, describes and reveals 

modifications and diversity of MACC’s;  

• Block 2: MACC case study application focuses on case study that illustrates different uses and 

levels of integration of MACC into national climate policy-making process, serving as 

experience of full cycle approach towards carbon neutrality. 

Table 1 summarizes two block concepts of this study and main methods, approach, focus and 

outcome of each thematic block. 

Table 1. Main methods, approach, focus and outcome of each thematic block of study. 

Thematic 

blocks of 

study 

Methods Approach Focus Output 

Block 1: 

MACC 

theoretical 

and 

historical 

analysis 

Literature 

review 

Analysis and 

synthesis 

Comprehensive 

evaluation of 

MACC 

development over 

time from 

scientific 

literature 

Identification of 

modifications, 

diversity, and 

comparative 

strengths/weaknesses 

of MACCs 

Understanding 

of evidence-

based 

foundation for 

cost-

effectiveness 

modelling and 

policy 

assessment 

Block 2: 

MACC 

Expert 

judgement 

Utilize project 

results from 

Focus on how 

MACCs are 

integrated and 

Transforms 

theoretical 

MACC 
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case study 

application 

and 

experience 

Latvian climate 

policy initiatives 

applied within 

Latvia’s national 

climate policy 

frameworks for 

actionable insights 

concepts into 

actionable 

policy 

decisions 

In order to understand the scope and possible nuances of using MACC tool in the thematic 

Block1: MACC theoretical and historical analysis authors have analysed existing modifications and 

diversity of MACCs. Results of this mapping highlights historical development of MACCs, diversity 

of their usage, as well as strengths and weaknesses of expert judgement-based MACCs and model 

derived MACCs. This thematic block is built on comprehensive evaluation of MACC development 

over time from scientific literature. 

In the thematic Block 2: MACC case study application authors have focused on 10-year period 

(from 2015-2025) and identified main stages in the development of the MACC approach. These 

development stages and relevant time period are summarized in Figure 1 and reflects this study time 

frame and main issues analysed in this research.  

 

Figure 1. Main stages in the development of the MACC approach as supportive tool in building national way 

towards decarbanization. 

Information summarized and analysed in this thematic block highlights experience of full cycle 

approach towards carbon neutrality by utilizing project results from Latvian climate policy initiatives 

and strategic actions for advancing MACC research and policy application. 

3. Results 

3.1. Modifications and Diversity of Marginal Abatement Cost Curves 

Cost curves for reducing energy consumption or emissions have been in use since the early 1980s 

[20]. Marginal Abatement Cost Curves (MACCs) were first developed in the 1970s following the two 

oil price shocks, initially targeting reductions in crude oil consumption and later, electricity 

consumption [21]. In response to the oil price crises of the 1970s, Meier (1982) introduced the first cost 

curves for decreasing electricity consumption (measured in $/kWh). These saving curves, also known 

as conservation supply curves, quickly became essential analytical tools for evaluating energy-

efficiency improvements across various sectors, including transport, industrial sector, and buildings 

[22–24]. They were also widely applied to assess the abatement potential and costs of air pollutants 

like SO2 ($/kt) [25]. The first carbon-focused curves, which utilized methods similar to those of earlier 

energy-saving cost curves, emerged in the early 1990s [26–28]. Over time MACCs were applied to 

various areas, including the assessment of abatement potential and costs for air pollutants and water 
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availability. MACCs started to be applied in the agricultural sector, involving qualitative judgement 

and more empirical methods [21]. 

Lately, researchers and policymakers focused on climate change mitigation have increasingly 

turned their attention to MACCs, mainly due to the influential work of McKinsey & Company. From 

2007 to 2009, McKinsey released and published 14 cost curves for various countries and also 

developed a global cost curve, which significantly contributed to the prominence of this tool in 

climate policy discussions [29]. In the UK, MACCs have significantly influenced the Government’s 

climate change policy. This is highlighted in Government reports that incorporate MACCs, like the 

UK Low Carbon Transition plan. The UK Department for Energy and Climate Change (DECC) 

utilizes the Global Carbon Finance (GLOCAF) model, which is based on MACCs, to predict financial 

flows between different global regions. MACCs have also been applied in many other countries and 

regions, such as the Netherlands, Ireland and the European Union [30], California (USA) and China 

[31]. Beyond these practical uses, MACCs have been applied in theoretical policy analyses of emission 

reduction and impact of innovation [32,33].  

Several agricultural engineering greenhouse gas emissions (GHG) MACCs have been published 

over the past decade. The UK Government has commissioned a series of these studies as part of 

broader economic analysis [34,35]. MACCs have also been developed for the agricultural sectors in 

Ireland [36], France [37], New Zealand [38], and China [39], as well as for the dairy sector in the 

Netherlands. The Danish and Belgian MACCs cover the entire economy, with Denmark currently 

updating its MACC for the agricultural sector. In Finland, GHG abatement costs have been calculated 

for various potential measures, and due to the context-specific nature of these estimates, recent 

MACCs include uncertainty estimates [40]. Latvia has been developing a MACC and aims to publish 

it in early 2018, with some preliminary results and the research approach already available [41–43]. 

These MACCs have served as catalysts for the exchange of information between science and 

policy. Their findings have contributed to national carbon budgets and sector-specific policies, often 

highlighting key gaps in implementation. The ensuing debates have driven research and policy 

efforts to address these gaps by reducing barriers and enhancing national GHG inventories. This 

improvement ensures that mitigation efforts are captured, credited, and incentivized effectively [44]. 

MACCs are commonly used to assess the cost-effectiveness of various emission reduction 

strategies. Nevertheless, their use and adoption differ greatly across regions, influenced by factors 

like economic development, data accessibility, technical know-how, and policy priorities. The most 

popular usage of MACCs is in Europe, North America, and China. In Europe specifically in the 

Netherlands, Germany, France, United Kingdom, Ireland etc. 

The studies that have assessed empirical MACCs in agriculture considerably vary in scope 

(source of emissions, gasses, and mitigation options considered). Modelling approaches, 

assumptions, and geographic scale and resolution [45,46]. They can be classified into three main 

categories based on the modelling approach utilized [45]. Firstly, studies using microeconomic 

supply-side models incorporate a detailed representation of the technical and economic constraints 

that define the production possibilities at the farm level [46,47]. Secondly, MACCs obtained from 

studies using partial or general equilibrium models [48–50] consider the impact of market responses, 

such as changes in input and output prices on marginal abatement costs [50]. These studies typically 

have broader geographic coverage but lower resolution compared to those based on supply-chain 

models. Thirdly, studies applying an engineering approach offer detailed [34,51,52], bottom-up 

evaluations of the carbon price required to incentivize the adoption of available technologies, along 

with their associated mitigation potential. These studies handle the effects of adopting new 

technologies or investing in environmentally friendly equipment more effectively than economic 

approaches. However, they do not model the competition and interactions among various mitigation 

options as transparently as economic models do, which complicates the economic interpretation of 

the resulting abatement cost as an opportunity cost [45]. 

Marginal abatement cost curves (MACCs) are utilized in multiple sectors to assess the cost-

effectiveness of emission reduction strategies and to guide climate policy decisions. The primary 
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sectors where MACCs are frequently applied include the energy sector, agriculture, industrial sector, 

transportation, and residential and commercial buildings. 

Experience from various countries demonstrates that multiple approaches can be used to 

analyze GHG reduction activities. The choice of methodology depends on the purpose of the 

assessment, the types of emissions considered, the kinds of costs calculated, and the information 

available. 

Two different approaches are typically used to build these curves: an economy-oriented top-

down model or an engineering-oriented bottom-up-model. The top-down analysis relies on a 

macroeconomic general equilibrium model, which provides an overall cost to the economy and is 

favored for studying macroeconomic and fiscal policies, models the abatement potential and cost for 

individual technologies or measures, making it more useful for examining options with sectoral and 

technological implications. To ensure rigor and consistency, the MACC appraisal must follow a 

commonly recognized methodology that accounts for Agriculture, Forestry, Land Use (AFOLU) 

specificities. The results must also be transparent and comparable to those of other sectors such as 

energy transportation, and manufacturing. 

Marginal Abatement cost curves vary widely in shape, differing in regional scope, time zone, 

included sectors, and the approach used for their generation. A MACC graph shows the cost 

associated with the last unit (the marginal cost) of emission reduction for different levels of emission 

abatement, typically measured in million or billion tons of CO2. To assess the marginal abatement 

cost, a baseline without CO2 constraints must be defined for comparison. MACC allows for the 

analysis of the cost of the last abated unit of CO2 at a specified abatement level and provides insights 

into total abatement costs through the area under the curve. Average abatement costs can be 

determined by dividing the total abatement cost by the total amount of emissions abated. Based on 

the methodology, MACC can be categorized into expert-based and model-derived curves, as 

illustrated in Figure 2 [20]. 

 

Figure 2. Stylized examples for an expert-based (left) and model-derived MACC (right). 

Expert-based curves evaluate the cost and reduction potential of each abatement measure based 

on informed opinions, whereas model-derived curves are calculated using energy models. MACCs 

have been particularly popular with policymakers due to their straightforward presentation of the 

economics of climate change mitigation. Policymakers can easily identify the marginal abatement 

cost for any given total reduction amount and, in the case of expert-based curves, can also see the 

specific mitigation measures responsible for the CO2 emissions reduction [20]. Based on previous 

discussion, as everywhere, MACC has its pros and cons. These are summarized in Table 2. 

Table 2. Strengths and weaknesses of expert judgement-based MACCs and model derived MACCs. 

Analysed aspect Expert judgement-based MACCs  Model-derived MACCs 

Strengths Extensive technological detail Bottom-up 
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Possibility of considering 

technology specific market 

distortions 

Easy understanding of technology-

specific abatement curves 

Model explicitly maps 

energy technologies in 

detail 

Top-down 

Macroeconomic feedbacks 

and costs considered 

Both 

Interactions between 

measures included 

Consistent baseline 

emission pathway 

Intertemporal interactions 

incorporated 

Possibility to represent 

uncertainty 

Incorporate of behavioural 

factors 

Comparably quick 

generation 

Weaknesses Lack of integration of behavioural 

factors 

Absence of interactions and 

dependencies between mitigation 

measures 

Potential for inconsistent baseline 

emissions 

No representation of intertemporal 

interactions 

Limited representation of 

uncertainty 

Sometimes restricted to a single 

economic sector, without the 

ability to combine abatement 

curves across sectors 

No representation of 

macroeconomic feedbacks 

Simplified technological cost 

structure 

Bottom-up 

No macroeconomic 

feedbacks 

Direct cost in the energy 

sector 

Risk of penny-switching 

No reflection of indirect 

rebound effect 

Top-down 

Model lacks technological 

detail 

Possible unrealistic physical 

implications 

Both 

No technological detail in 

representation of MAC 

curve 

Assumption of a rational 

agent, disregarding most 

market distortions 

Bottom-up energy models are partial equilibrium models focused solely on the energy sector, 

unlike top-down models which encompass endogenous economic responses across the entire 

economy. Bottom-up models can be either simulation or optimization models, achieving partial 

equilibrium by minimizing system costs or maximizing consumer and producer surplus. In 

comparison to top-down models, bottom-up models provide more detailed representation of energy 
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technologies throughout the transition from primary to useful energy. Top-down models, on the 

other hand, depend on substitution elasticities, which are primarily estimated based on historical 

rates and assumed to remain valid in the future [20]. 

To leverage the strengths of both bottom-up and top-down approaches, a practical alternative is 

to use a bottom-up model, which provides the necessary technological detail, to create a consistent 

MAC curve. Index decomposition analysis can then be applied to the results of the energy system 

model to attribute emission reductions to specific changes in the energy system. This approach allows 

for the identification of the measures responsible for emission reductions while maintaining a 

coherent framework capable of considering system-wide interactions. This method significantly 

enhances the usefulness of MAC curves for policymakers, addressing several shortcomings of 

existing approaches while remaining easy to understand. 

3.2. Historical Insights into Experience of Full Cycle Approach Towards Carbon Neutrality 

In the middle of the last decade, climate problems were not very urgent for society because 

Latvia was considered to be a very green country with a low level of industrialisation and a low 

population density. Climate problems were put on the political agenda in Latvia later than in other 

parts of the EU because in 1990, the reference period for policy documents, Latvia was still occupied 

by the USSR and had an economically unsound planned economy that disintegrated immediately 

after the USSR collapsed. As a result, Latvia stopped producing products non-competitive outside 

the USSR in energy-inefficient factories and plants, and agriculture no longer needed collective farms, 

which had been established as a result of forced collectivisation. Naturally, alongside a decrease in 

energy consumption and livestock and the change in ownership that led to the restructuring of the 

economy and the conversion to the western model of farming, GHG emissions also decrease 

significantly. In Latvia, after fast privatisation, a new economy oriented towards the production, 

technological and investment patterns of western EU countries began to emerge. In agriculture, the 

descendants of farmers reclaimed their ancestral land and tried to find their place in the food market, 

which was also successful, with both the output of agricultural products and the intensity of 

production slowly increasing. Consequently, GHG emissions began to increase and, after EU 

accession, climate problems emerged on the agenda for policymakers. In the following decade, the 

need for science-based expertise on GHG emission reduction measures increased for policymakers. 

3.2.1. Adoption and Improvement of MACC Methodology for Latvia 

In 2015, the Latvian government launched EVIDEnT, a national scientific research project on the 

impacts of climate change on economic growth, and one of the project’s components was the 

development of the first GHG MACC for the agricultural sector in Latvia. As part of the project, the 

Ministry of Agriculture of the Republic of Latvia held a MACC workshop with the aim of sharing 

experience and using the best one for developing an agricultural MACC for Latvia. The results of the 

workshop and the experience of MACC designers were published in a research paper [44] describing 

the diverse experience in using MACCs within the EU. The EVIDENT project developed a MACC for 

agricultural GHG mitigation measures, which contained innovative features. From the very 

beginning, it was clear that MACCs would be used in policymaking. The previous experience 

recommended the use of the Farm Accountancy Data Network (FADN) database for evaluating 

MACC measures; however, the FADN database does not represent the whole agricultural sector, but 

only the most important part of it affecting the agricultural market. To improve this situation, a 

typology of Latvian farms was developed applying a cluster approach [42]. The result was a MACC 

for five types or clusters of farms characteristic of Latvia [43]. 

It should be noted, however, that the approach itself is time-consuming and adds significant 

complexity to the construction of a MACC, as data from various databases had to be harmonised in 

order to overcome potential representativeness difficulties. Nevertheless, it should be added that the 

inclusion of personal farm plots and organic farms in a MACC actually increased the MACC coverage 

by a negligible 3%, i.e., the GHG reduction potential increased by 3%. Firstly, it is clear that if policy 
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support measures are proposed, the focus is placed on intensive farms, which are usually also 

economically stronger. In later discussions, organic and small farms pointed out that they were 

denied specific support to develop the farms. In other words, farmers felt penalised for already being 

less GHG intensive. Secondly, it increased the number of measures that could be defined as suitable 

for a certain type of cluster. This made the calculations more meaningful as well as more specific, 

depending on farming practices specific to Latvia [41]. Thirdly, the MACC constructed became a kind 

of platform which enabled more detailed discussions with farmer lobbies, policymakers and state 

control organizations. What became clear in a selection of measures was that the measures not only 

have a positive impact on GHG emission reduction but also bring other environmental or economic 

benefits. To verify this, an integrated impact assessment of the GHG emission reduction measures 

included in the MACC was performed [42]. It was found that climate actions predominantly had an 

impact on the strategic economic benefits of farms, as well as additional environmental benefits were 

brought to society. Overall, it should be noted that the use of MACCs in assessing agricultural GHG 

emissions was successful, which encouraged further activities. In addition to GHG emission 

reduction, the problem of increased C (carbon) sequestration and the interaction between land use, 

land-use change, and forestry (LULUCF) and agriculture was also a major challenge. These were the 

key tasks for constructing a next MACC.  

3.2.2. Developing the Use and Diversity of the MACC Approach 

The MACC for agricultural GHG emission mitigation measures developed as part of the national 

research programme EVIDEnT were further supplemented with two new measures, i.e., 

“Paludiculture (reed (for construction)) on arable land on organic soils” and “Establishment of 

perennial plantations (bush blueberry) on organic arable land”, which related to land use and land 

use change. Also previously analysed 23 measures were revised and analyzed their interaction with 

LULUCF sector. Overall, most of the measures had a neutral impact on each other (12 measures). 

Only three measures had a positive impact on both sectors, which means that both sectors contributed 

to GHG reductions. For two measures, the impact was not clear due to a lack of research studies. For 

six measures, a negative interaction was found, mainly due to the fact that an increase in green mass 

in the agricultural sector leads to additional emissions, while an increase in green mass in the 

LULUCF sector leads to an increase in CO2 sequestration. The research found that some of the 

measures included in the updated MACC, in addition to GHG emission reduction potential, also 

have CO2 sequestration and C storage potential. Therefore, the research did an assessment of the CO2 

sequestration and C storage efficiency of the measures.  

In Latvia, the next stage of using MACCs is associated with the European Commission’s Clean 

Air programme for Europe whose legal basis is Directive 2016/2284, The directive sets strict 

anthropogenic emission ceilings for the Member States for the main pollutants: sulphur dioxide, 

nitrogen oxide, non-methane volatile organic compounds, ammonia and fine particulate matter 

(PM2,5) for the period from 2020 to 2029 and beyond 2030. In addition, Article 6 of Directive 2016/2284 

requires the Member States to develop and submit to the European Commission their national action 

plans to limit air pollution by 1 April 2019. An action plan must be updated at least every four years 

or more frequently if, according to the annual emissions report, the targets for reducing emissions 

from air pollutants are not met or are at risk of not being met. Given that 86% of total NH3 emissions 

in Latvia in 2016 were attributable to agricultural production, measures in agriculture need to be 

taken to reduce air pollution. A MACC was suitable for this purpose, resulting in an ammonia MACC 

designed for agriculture. The research adapted an already designed MACC for ammonia emission 

abatement measures and constructed a new MACC curve. The research analysed 17 various 

ammonia abatement measures focusing on the efficient use of nitrogen (N) fertilisers, efficient off-site 

manure management and the development of organic farming. The research identified the impacts 

and cost-effectiveness of the measures on reducing ammonia emissions and published the results 

[41]. In addition, it is important to note that the measures and approach analysed were incorporated 

into the policy document “Air Pollution Reduction Action Plan for 2019-2030”. 
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3.2.3. Using MACC in Policy Discussion and Knowledge Transfer 

In addition, as preparations for the new European Union financial programming period (2021-

2027) began, there was a need for a deeper and more detailed understanding of practical 

implementation constraints and solutions for the GHG and ammonia emission abatement measures 

concerned. Given the commitments of Latvia in relation to the EU GHG and ammonia emission 

abatement targets, it is important to identify improvements necessary in data inventory and 

knowledge build-up, so that the impacts of GHG and ammonia emission abatement measures are 

included in GHG and ammonia emission inventory reports. Basically, the MACC initiated a 

discussion between scientists, farmer lobby organizations, farmers, consultancy services and 

policymakers. During the project, nine interactive workshops were held, bringing together more than 

160 participants. The purpose of the workshops was to build a common understanding (among 

farmers, scientists, agricultural, environmental and climate policymakers) of GHG and ammonia 

abatement measures in agriculture, as well as identify potential constraints and policy requirements 

for practical implementation. The project team presented 20 GHG and ammonia abatement measures 

to the workshop participants and held discussions on the positive and negative experience, 

technological, environmental, social and economic constraints and potential solutions for the 

implementation of the measures. The interactive workshops contributed to the farmers’ 

understanding of the nature of GHG and ammonia abatement measures and their suitability for 

various types of farming, as well as identified concrete actions for the active implementation thereof 

in practice. One important area of application of the MACC for Latvian agriculture was the 

opportunity to improve the national GHG inventory reports. A major challenge was to identify new 

measures that could be integrated into policies and make the national GHG inventory report more 

realistic. The IPCC sets strict guidelines (2006 IPCC Guidelines for National Greenhouse Gas 

Inventories; 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories) 

for drawing up a report, which include a requirement for reliable and verifiable data. In the case of 

Latvia, the challenge was incomplete livestock feed statistics, which led to the use of relatively old 

data from the feed catalogue. These were the basic challenges to constructing an agricultural MACC 

for Latvia. 

Unfortunately, the project was affected by the Covid-19 pandemic, which prevented sufficiently 

extensive and reliable data on changes in cattle feed consumption. At the same time, a new approach 

was designed for reducing both ammonia and GHG emissions. The project designed six new feed 

ration models, each comprising a feed recipe and ration for a particular lactation phase of cows. The 

models provide several benefits: improved animal welfare, higher productivity and reduced GHG 

and ammonia emissions, depending on the situation in the country [53]. The measures complemented 

the updated GHG MACC and ammonia MACC. However, there are some indications that in Latvia, 

sustainable agricultural production needs to be shifted towards a more integrated and circular 

pattern, taking into account the current geographical, biological, social and economic considerations 

[42]. The information collected was the basis for a discussion on a new Strategic Plan for the Common 

Agricultural Policy of Latvia for 2023-2027 (Latvia-CAP Strategic Plan). The scientifically justified 

GHG and ammonia abatement measures posed significant challenges for both policymakers and 

farmer lobby organizations. On the one hand, the measures were essential for the implementation of 

the EU Farm to Fork strategy and the National GHG and Air Quality Commitments; on the other 

hand, it was difficult to link the measures to specific support. Policymakers had to design a 

mechanism for implementation and control of the measures, as they had to ensure that public funding 

was used properly. However, this control mechanism may not become too bureaucratic and 

burdensome for farmers, which would undermine their involvement in the implementation of the 

measures. The influence of lobby organizations, which wanted to change the intensity of 

implementation of and eligibility criteria for the measures and increase the amount and intensity of 

financial support, should also be taken into account. In view of the above, a new Strategic Plan for 

the Common Agricultural Policy of Latvia for 2023-2027 was drawn up. This document did not satisfy 

anyone and was therefore considered to be a good trade-off. At the same time, a question arose to 
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what extent the national CAP Strategic Plan is able to influence climate policy goals. Modifying the 

MACC approach also makes it possible to analyse current GHG abatement measures. The most 

important incentive for farmers to make changes on their farms is the availability of public funding 

to implement the measures. At the same time, the availability of such funding also provides 

opportunities for requesting information on the effect of GHG measures or for documenting the 

effect. 

Therefore, the targets set by the National Energy and Climate Plan for 2021-2030 have mainly 

theoretical potential, and the measures and targets set by the Strategic Plan for the Common 

Agricultural Policy of Latvia for 2023-2027 (CAP) are practically measurable. Unlike the previous 

versions of the MACC, this one does not consider the marginal cost for farmers to implement the 

measure but the relative public cost (CAP funding) per ton of GHG (CO2eq) emissions reduced. The 

CAP targets, the assumptions of previous MACC projects on changes in the characteristics of 

emissions during the implementation of a measure, the current IPCC characteristics were used to 

determine the potential for GHG abatement. In total, the GHG abatement measures supported by the 

CAP contribute to 516 ktCO2eq reductions over five years. For comparison, a GHG emission 

reduction calculated for the first MACC project totals 7 653 ktCO2eq over a period of 13 years, which 

is five times less per year. It has to be acknowledged that the CAP MACC calculations do not include 

investment measures. For several measures, the CAP targets are lower than the real results achieved 

implementing the measures. It is therefore difficult to identify the real impacts of current CAP 

measures on achieving the Climate Action targets. At the same time, the MACC shows how much a 

reduction of 1 ton of CO2eq costs the public, allowing the public to assess the effectiveness of a policy 

according to the interests of a particular social group. The GHG abatement measures selected and 

evaluated scientifically only indicate the potential, while the real implementation is more complex 

and could significantly reduce the technological potential. However, it provides a basis for discussion 

and indicates tactical priorities in policymaking. The next priority in developing the MACC for Latvia 

is to integrate the value of ecosystem services into the agricultural MACC, which is still in process. 

3.2.4. Using MACC in Creating New Knowledge and Improving Data Gathering 

Further development of MACC methodology was proceeded with inclusion of ecosystem 

services value in the evaluation of measures to reduce GHG, ammonia emissions and increase CO2 

sequestration. MACC methodology were prepared for the inclusion of ecosystem services value in 

the evaluation of measures to reduce GHG, ammonia emissions and increase CO2 sequestration. The 

use of ecosystem services value in MACC analysis has not been used in research so far and is 

considered an innovative approach. The inclusion of the social aspect in MACC analysis expands the 

scope of the analysis and can theoretically expand the applicability of MACC for the development of 

agricultural, environmental and climate policy or legal framework, policy analysis and impact 

assessment.  

Climate change mitigation measures do not/cannot in themselves create ecosystem services, but 

their implementation may have a positive or negative impact on the volume and value of the 

ecosystem services concerned. Primarily the assessment of ecosystem services is carried out at the 

ecosystem level, it creates all international databases – when selecting a specific ecosystem, one can 

look for its association with a specific service and then determine the value of the service/service set. 

Repeating a similar approach in the case of MACC measures it is important: 

• To identify for each measure the type of land management/biome/ecosystem to which it relates;  

• To understand which services of the relevant ecosystem are affected by the measure if it is 

introduced (assuming that the impact is positive);  

• To find the value of the ecosystem service(s) to be linked to the relevant ecosystem. 

With regard to the use of the value of ecosystem services in the MACC analysis, studies show 

that in the case of negative costs (as in the case of ecosystem services, unless it is non-services 

(disservices)), caution is desirable in the use of MACC [54–58], because:  
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• The climate change mitigation potential of negative cost-negative measures may be 

overestimated without paying sufficient attention to measures that are less cost-effective; 

• Negative cost measures are adequately assessed as the most cost-effective or income-

generating, but their mutual ranking may not be correct due to the peculiarities of the 

mathematical algorithm of the method.  

At present, there is no well-established approach available to address this shortcoming of the 

MACC method, so it can be assumed that “negative cost measures” are perceived as equal in ranking. 

As a result, the results of the MACC analysis with embedded ecosystem services should not be 

directly interpreted in the form of a ranking of the measure, but should be used as an indication of 

the existence and significance of goodwill (the result of the calculations changes significantly), 

drawing the attention of decision-makers to the need to consider the inclusion of this type of value in 

policy decision-making processes, as well as to consider support for further research. 

In Table 3 authors have summarized contributions from main stages in the development of the 

MACC approach. 

Table 3. Summary of contributions from main stages in the development of the MACC approach. 

Period Stage Action Importance and practical use 

2015-2017 Adopting and 

improving of 

MACC 

methodology for 

Latvia 

Developed MACC for 

five typical farm 

clusters 

Created a methodology 

suitable for Latvia created 

using the cluster method 

Prepared necessary 

methodology (scientific 

monograph) for use of MACC 

approach 

Analysed several dozen GHG 

mitigation measures and 17 

were selected for deeper 

analysis and practical 

implementation 

2018-2020 Developing the 

use and diversity 

of the MACC 

approach 

Developed MACC 

with C capture 

measures and 

analysed LULUCF 

and agriculture 

interaction 

Estimated the overlap effect 

of multiple sectors 

(agricultural and LULUCF) 

Evaluated new C capture 

measures 

Used MACC for policy 

making 

Identified new research 

directions 

2021-2023 Using MACC in 

policy 

discussion and 

knowledge 

transfer 

Developed MACC 

with ammonia 

emission reduction 

measures and 

organized set of 

discussion events 

with farmers 

Transferred knowledge to 

NGOs and farmers 

Prepared information for the 

improvement of climate and 

agricultural policy 

Prepared information for 

improvement of air quality 

policy 
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2023-2025 Using MACC in 

creating new 

knowledge and 

improving data 

gathering 

Developed MACC for 

CAP GHG reduction 

measures 

Evaluated new GHG 

emissions reduction measures 

in agriculture  

Developed recommendations 

for the accounting of 

agricultural data for the 

evaluation of the reducing 

effects of GHG and ammonia 

emissions 

Developed MACC 

including ecosystem 

services evaluation 

Developed a methodology for 

incorporating the value of 

ecosystem services into the 

MACC  

Developed additional 

variations of the MACC 

curves for evaluating the cost 

effectiveness of GHG and 

ammonia emission reduction 

measures, reflecting different 

rates of implementation 

stages of the measures 

4. Conclusions 

Analytical assessment of country’s level experience in moving towards agricultural 

decarbonization by using MACC as supportive tool has showed that MACC has helped to prepare 

several strategic documents, like Rural Development Programme, National Inventory Reports of 

GHG and Ammonia Emissions, National Energy and Climate Plan, Air Pollution Action Plan, has 

been used for farmer education and as conversation platform with other non-ETS sectors, has brought 

necessary information for economic models of climate and agricultural development.  

By tracking main points in Latvia’s experience in developing theoretical background by 

elaborating different versions of MACC and transferring gained theoretical knowledge into political 

agenda and national targets following recommendations can be drawn up: 

• By recognizing unique characteristics of different farm types (e.g. intensive, extensive, organic 

etc.) principle of targeted and equitable distribution of support should be implemented when 

developing climate related policies and framework for support measures. 

• Comprehensive assessment of GHG mitigation measures, considering their economic, 

environmental and social impacts, as well as understanding their multiple benefits and robust 

data collection and analysis can serve as background for data-driven policymaking. 

• Facilitation of knowledge sharing, like knowledge exchange between scientists, policymakers, 

farmers and other stakeholders, and capacity building, like training and technical assistance to 

farmers to implement climate friendly practices, can boost more faster transition to carbon 

neutrality. 
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