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Hiilineutraalilla maataloudella on keskeinen rooli ilmastonmuutoksen hillitsemisessä. Siitä huolimatta, 

suomalaiset maanviljelijät kamppailevat ilmastonmuutoksen vaikutusten ja kannattavuuskriisin kanssa. Tämän 
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roolia muutosten edistäjinä tai estäjinä. Gradu on tehty toimeksiantona Envitecpolis Oy:lle. 

Tutkimusta varten on haastateltu kuutta asiantuntijaa maatalousalalta. Aineisto on analysoitu teorialähtöisen 

sisällönanalyysin avulla ja analyysia ohjaavana runkona on käytetty future signal sense-making framework:a 
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ohjauskeinot jaetaan edistäjiin ja estäjiin.  

 

Aineistosta on nähtävissä, että olennaisimmat heikot signaalit ovat innovaatiot, lisäarvomarkkinat, 
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1. Introduction 

Agriculture plays a key role in climate change mitigation. One-quarter of greenhouse gas (GHG) 

emissions come from agriculture, forestry and other land use activities (IPCC, 2019). However, 

the climate crisis has increased the magnitude and frequency of extreme weather events, causing 

the agriculture sector to struggle to maintain food and nutritional security for the world (Pignatti 

et al. 2015; IPCC, 2019). At the same time, population growth and increasing prosperity may raise 

global food demand by 75% by 2050. Thus, the agriculture sector is standing in crossfire, with 

requirements to increase profitability and productivity to maintain food security, but at the same 

time addressing the requirements to reduce its environmental footprint (Maraseni et al., 2021). 

Climate change affects agriculture significantly, as its size and sensitivity to weather parameters 

inevitably makes it vulnerable. The implications of climate change are not only environmental but 

cause immense economic impacts. The extreme changes in temperature and rainfall affect the yield 

of crops, varying from crop, location and magnitude of variation in the parameters. Furthermore, 

the adaptation abilities of different crops and the irrigation applications used, as well as the 

expansion of the irrigated areas, influence the outcome of the crop yield. (Malhi et al. 2021). At 

present, it is predicted that some areas in the world will benefit from the impact of climate change 

while others will inevitably suffer great losses. 

The impact of climate change on agriculture has been extensively researched. Concepts such as 

carbon farming, climate-smart agriculture, regenerative agriculture (RA) and precision agriculture 

(PA) are examined in many recent studies (Maraseni et al., 2021; Sharma et al., 2021; Lal, 2020; 

Roy & George, 2020). However, previous studies have concentrated on the current prospects and 

challenges of agriculture. The future of this sector, and of farmers, have not been discussed in 

recent literature. 

The next decade manifests numerous goals set by governments and institutions. The current 

government of Finland, under the guidance of Prime Minister Sanna Marin, has declared to achieve 

carbon neutrality by 2035 (Laine et al., 2021). The European Union (EU) has pledged to cutting 

emissions by 55% by 2030 with its ‘Fit for 55’ package. This intermediate goal paves way to 

reaching carbon neutrality in all member states by 2050 (European Commission, n.d.). 



  
  
 

 

4  

1.1 Profitability crisis in Finland 

In addition to income losses from the impact of climate change, Finnish farmers have experienced 

a decrease in profitability of agriculture due to increases in costs. For the past twenty years, the 

trend of return on assets has been lower than interest on long-term state loans, which projects that 

agriculture businesses are not able to produce added value for the capital invested in them. It is 

estimated that only 40% of the target pay for the farmers’ work input and equity interest has been 

achieved. Challenges are also visible in loan servicing for farms, since farm unit sizes grow and 

loan capital increases, but producer prices lag. At the same time, costs increase, and farm expenses 

are high, affecting farmers' income significantly (Tauriainen, 2021).  

The national and EU-level targets for decreasing GHG emissions will inevitably have an impact 

on peatland producers in Finland, as taxation and emission allowance prices rise to meet the set 

targets. Peatlands removed from production are significant sources of GHG emissions, therefore 

their utilization as carbon sinks by means of cultivation or other land-use practices is politically 

attractive (Aro et al., 2021; Laine et al., 2021). The changes required in peatland production may 

have significant impact on the income of thousands of farmers in Finland.  

1.2 Aim of the study 

With ambitious carbon neutrality goals being pledged by governments and sectors globally, the 

gaze has shifted towards the agriculture sector to do its part in the reduction of GHG emissions. 

Being one of the few sectors able to also sequester carbon emissions, the pressure on farmers is 

tangible. At the same time in Finland, farmers are struggling with profitability issues and policy 

changes.  

This study aims at addressing this dilemma, as it investigates the potential sources of income for 

Finnish farmers in carbon neutral agriculture of the future. However, on-farm agricultural practices 

that result in carbon sequestration and GHG emission reductions, such as the use of cover crops or 

soil improver products, are not emphasized in this thesis. Instead, additional income possibilities 

are investigated from either by-products of these practices or from entirely novel sources not 

connected to practices on-field. Moreover, this study does not examine whether carbon neutrality 

is achievable in agriculture by 2030, but instead indicates the measures aiming for carbon 
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sequestration or carbon emissions reductions in agriculture. The concept of carbon neutral 

agriculture is defined in the following section. 

Production lines and production branches of agricultural and horticultural enterprises are not 

specified in this study as the aim is not to seek solutions for any one type, but rather to unfold all 

possibilities that may occur in the future and may touch all or some primary producers. The 

previous chapter provides a summary of the profitability of agriculture at present, but a deep 

analysis of the economic situation is not in the scope of this thesis. 

This is a qualitative study based on interviews with experts from the field. The study is 

commissioned by Envitecpolis Oy to serve as market insight; thus, the study is structured in favor 

of the commissioner. Envitecpolis Oy is a Finnish company that provides calculated data and 

expert services to support the strategic planning and decision-making of sustainable food chain 

management. 

A futures studies perspective is used in analyzing the data to discover weak signals, drivers and 

trends in the agriculture sector by the year 2030 (Kuosa, 2010). In addition, policy instruments are 

investigated to determine whether they facilitate or prevent change. An in-depth analysis of policy 

instruments is not provided, but instead the focus is on determining the role of policy instruments 

in the adoption of potential sources of income for farmers. This study focuses on the Finnish farm 

landscape and the national policy landscape, but EU-level agricultural policy instruments are 

considered. The following research questions are examined: 

1. What are the potential sources of income identified in carbon neutral agriculture by 

2030?  

a. What weak signals of potential sources of income can be detected?  

b. What drivers of change can be identified?  

c. What trends prevail?  

2.  Do policy instruments act as promoters or disruptors of change in agriculture? 

Following the introduction is a literature review of climate change mitigation measures in 

agriculture and the policy instruments influencing the Finnish agriculture sector. The study 

continues with the presentation of the theoretical framework, after which the material and methods 
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are described. The results are then presented, following with the discussion and conclusions of this 

research.  
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2. Climate change mitigation measures in agriculture 

The agriculture sector is gradually shifting towards climate friendly practices to adapt to climate 

change and to minimize its negative environmental effects. Carbon neutral agriculture aims at 

balancing GHG emissions and sinks of farming systems and products, while considering the global 

warming effects of the emissions from agriculture. Carbon neutral, much like the term climate 

neutral, presents all greenhouse gas emissions as carbon dioxide equivalents (CO2 equivalents).  

The carbon balance in agriculture comprises of the direct emissions occurring on the farm and the 

indirect emissions occurring from the inputs used on the farm, thus methods to avoid and reduce 

emissions as well as increase sinks are crucial to achieve carbon neutrality (EIP-AGRI, 2021). 

This section provides an overview of the main sources of GHG emissions from agriculture in 

Finland and climate change mitigation measures found globally. The last chapter of this section 

also provides insight on carbon offsetting as this is a rapidly spreading method for utilizing the 

valuable carbon sinks available in agriculture.  

2.1 Sources of GHG emissions in Finnish agriculture  

Agriculture generates greenhouse gases, such as carbon dioxide (CO2), nitrous oxide (N2O) and 

methane (CH4), from various sources. Land clearing and deforestation account for a considerable 

part of these emissions, releasing high quantities of CO2 and N2O into the atmosphere (Clark et 

al., 2020). CO2 emissions occur also from liming and urea fertilization. Considerable sources of 

CH4 and N2O emissions are livestock digestion, manure treatment and the burning of crop 

residues on the field. Emissions from livestock digestion include emissions from cattle, horses, 

pigs, sheep, goats, fur animals, and reindeer. Cattle account for the majority of emissions from 

livestock digestion (Tilastokeskus, 2021). 

Most of the emissions from the whole sector, however, are direct and indirect N2O emissions from 

arable farming. Direct N2O emissions are calculated with the assumption, that a certain proportion 

of nitrogen entering the soil from different sources is converted to nitrous oxide. Direct N2O 

sources include fertilization of fields (either with artificial fertilizers or organic fertilizers, such as 

manure and sewage sludge), decomposition of plant residues in the fields as well as the release of 
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organic matter from the agricultural land. Indirect N2O emissions include ammonia deposition and 

nitrogen leaching into water bodies  (Tilastokeskus, 2021). 

Organic soils, such as peatlands, are a significant source of GHG emissions. By some estimations 

emissions from peatlands account for one-fourth of net CO2 emissions from agriculture, forestry 

and other land use (Martens et al., 2021). When undisturbed, waterlogged peatlands act as natural 

carbon sinks, but when drained for agriculture or forestry use, the decomposition of organic soils 

results in increased rates of CO2 and N2O (Smith et al., 2014). Agricultural cultivation methods, 

such as ploughing, fertilization and irrigation further enhance the decomposition of peat, therefore 

making cultivated peatlands significant sources of GHG emissions. Alm et al. (2007) state that 

abandoned peatlands remain a source of CO2 and N2O, although CH4 fluxes from the soil to the 

atmosphere appear to decrease after the termination of cultivation practices. Drainage of peatlands 

also increases the vulnerability to peat fires, which once ignited release large quantities of GHG 

emissions (Smith et al., 2014).  

To form a complete view of the formation of emissions in agriculture, energy sources must be 

assessed. They form a considerably smaller part of the GHG emissions from agriculture compared 

to CH4 and N2O emissions and energy is often reported to other sectors, such as transport, energy 

or manufacturing. Emissions from energy sources in agriculture can be divided into direct and 

indirect sources. On-farm fossil fuel and electricity use, used in field work and crop drying, are 

direct energy sources, whereas indirect energy sources include the manufacturing of farm inputs 

such as machinery and synthetic fertilizer (Dyer & Desjardins, 2009). 

The multitude of sources of emissions in agriculture result in the complexity of emissions reporting 

and challenges in issues such as double counting. In Finland, greenhouse gas emissions from the 

agriculture sector are reported in the Land Use and Land Use Change and Forestry –sector 

(LULUCF) as well as the energy sector. CO2 emissions that are released from the soil to the 

atmosphere are reported in the LULUCF figures, which, for instance in Finland’s case, is not 

included in total emissions figures, but instead is reported separately. Emissions from agricultural 

related energy consumption, such as machinery, grain dryers and the heating of agricultural 

buildings, are reported in the energy sector. These emissions accounted for 0.9 million tons in CO2 

equivalents in 2019. Emissions from the LULUCF sector, including grassland in addition to 

farmland, were 8,6 million tons of CO2 equivalents in 2019 (Tilastokeskus, 2021). 
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2.2 Mitigation measures 

The mitigation measures available for reducing GHG emissions in crop and livestock production 

are identified as changes in production methods and energy use. Crop and livestock production 

methods include avoiding synthetic fertilizer use, adopting lighter tillage methods, increasing 

grassland cover, changing manure management and livestock diet methods. In addition, peatland 

management methods play a key role in decreasing GHG emissions from peatlands (Aro et al., 

2021; Ollikainen et al., 2020; MacLeod et al., 2015). The solutions identified in this section may 

exclude relevant options available. This study highlights the terms and concepts that have been 

given most attention in discussions on the current mitigation measures in agriculture. 

Livestock feed is continuously developed to decrease emissions from enteric fermentation. This 

mitigation measure is a viable option in livestock production. From an environmental perspective, 

the most effective mitigation measure available is to reduce the amount of livestock. This affects 

not only the direct CH4 emissions from enteric fermentation of livestock but also the emissions 

from the production of feed and manure management (Ollikainen et al., 2020). However, this 

mitigation measure may not be sustainable from an economic and social perspective. 

A hot topic related to mitigation measures in livestock production is the utilization of manure for 

biogas. The procedure decreases CH4 emissions as manure is not stored, but emissions are instead 

transformed into CO2. In addition, biogas production may bring emissions reductions in crop 

production as field biomass can be utilized for energy production. Moreover, emissions are 

reduced indirectly by replacing fossil-based energy in transportation. (MacLeod et al., 2015; 

Ollikainen et al., 2020). 

Carbon farming integrates an array of natural farming methods and marketable products 

simultaneously. The resource-use efficiency and soil conservation benefits of carbon farming 

result in maximum benefits from agriculture. On-farm practices for carbon sequestration include 

practices such as increasing organic matter in fields, cultivating cover crops, agroforestry and alley 

cropping systems, and distinct tillage methods (Sharma et al., 2021). Reducing or replacing 

synthetic fertilizer decreases emissions from fertilizer manufacturing and soil N2O. Nitrogen-

fixing plants such as leguminous crops and legumes reduce the need for fertilization (Ollikainen 

et al., 2020).  
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Regenerative agriculture (RA) shares many of the characteristics of carbon farming. RA is based 

on a wide range of farming and grazing practices aimed at restoring and maintaining soil health 

and thus sequestering soil organic carbon. These practices include no-till farming together with 

residue mulching, cover cropping, integrated pest management (IPM), crop rotation and 

agroforestry (Lal, 2020). The concept of agroforestry integrates agricultural land with trees. An 

agroforestry system is at best a carbon sink and reduces GHG emissions from terrestrial 

ecosystems. Benefits of this practice include the generation of large quantities of biomass and the 

positive effect if has on soil organic carbon. In addition, agroforestry has been assessed to increase 

biodiversity, by creating habitats for plants, insects and animals (Sharma et al., 2021). 

The concept of ‘climate smart agriculture’, first launched in 2010 by the UN’s Food and 

Agriculture Organization (FAO), presents a holistic picture of a food production system. The 

objectives behind CSA are 1) enhancing farmers’ capacity to adapt to a changing landscape 

(adaption) 2) mitigating farm-related GHG emissions (mitigation) and 3) increasing agricultural 

production (productivity). The limitations of climate smart agriculture (CSA) regard the trade-offs 

between the objectives e.g. achieving increased productivity may result in increasing GHG 

emissions simultaneously. Achieving the objectives of CSA, RA or other mitigation measures 

requires strict assessments of the interventions and their effects to minimize the trade-offs between 

objectives (Maraseni et al., 2021). 

Technological advancements in the field of agriculture offer alternatives to  mitigation measures 

that are not achievable by low-tech solutions. New innovations may alter the entire value chain 

and offer advances in the transformation to sustainable food systems (De Clercq et al., 2018). 

Precision farming or precision agriculture (PA) is one such alternative, which also aims at 

transforming agriculture “climate smart”. According to Roy & George (2020) PA offers “the right 

management practices at the right place and time by capturing the heterogeneity of the land at a 

minute scale.” This definition implies that PA is a technology intensive system that utilizes sensors 

for monitoring soil moisture and nutrients and geo-referenced maps for different soil properties. 

In a larger scale, PA may improve productivity whilst saving production inputs and reducing GHG 

emissions (Roy & George, 2020). Other technological advances in the industry include vertical 

farming and genetic engineering of animal food products and cultured meat. Vertical farming 

integrates farming and technology by producing food in vertically stacked and layered 
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compartments in a controlled environment. Vertical farming utilizes soil, hydroponic or aeroponic 

growing methods, benefitting the producer through decreased water, fertilizer, nutritional 

supplement and pesticide consumption. The development of cultured meat is at a very early stage, 

and though this option is predicted to have great potential in providing the growing population 

with sustainably produced high-quality protein, studies have yet to assess whether this alternative 

is commercially viable in the future (De Clercq et al., 2018; Tuomisto, 2019). 

Mitigation measures for peatlands take into account the special nature of the soil and how it is 

cultivated. The peatland management concept called paludiculture refers to the cultivation and 

harvesting of rewetted peatlands with moisture tolerant plant species such as reeds and cattails 

(Martens et al., 2021). Rewetted peatlands can also be utilized for grassland cultivation, which 

offers a cost-effective mitigation measure for fallow lands (Lehtonen et al., 2020). This cultivation 

practice of continuous biomass production and low decomposition rate results in peat conservation 

and even accumulation, whilst also benefitting the farmer economically with valuable biomass that 

can be utilized in renewable energy production. The practice prevents the subsidence of peatlands 

and minimizes GHG emissions (Ziegler et al., 2021). 

2.3 Carbon offsetting 

The compensation market is divided into regulated and voluntary markets, and until recent years 

it has mainly been a marketplace for emissions avoidance and reductions. Compensation markets 

have been around for the past 15 years, but the pricing of ecosystem services including carbon has 

been growing globally at an accelerating pace (Laine et al., 2021). In 2018, over 550 active 

payments for ecosystem service programs were taking place, with an estimated value of US$36e42 

billion in annual transactions and in 2019 nearly 60 carbon pricing initiatives were implemented 

(Maraseni et al., 2021). The regulated compensation market is utilized mainly by governments to 

meet their emissions reduction targets in international climate agreements, or by companies 

participating in regional emissions trading systems (ETS). The voluntary market is utilized mainly 

by companies, organizations and consumers who aim at compensating their emissions voluntarily 

(Laine et al., 2021).  Recently, the discussion in Finland has been drawn to whether farmers could 

benefit from voluntary mechanisms, such as carbon contracts and offsets (Ollikainen et al., 2021).  



  
  
 

 

12  

In this study, carbon offsetting refers to the market mechanism in which companies buy carbon 

offsets, also called credits, from agriculture to compensate for their own emissions. Although a 

voluntary mechanism, carbon offsetting is tied to certain requirements from the government level. 

Carbon credits must fulfill tight criteria on additionality, verifiability and permanence, to be 

qualified as sustainable. Protocols and approval processes are under constant development, as 

offset schemes require assessment of different combinations of regions, crops and practices 

(Ollikainen et al., 2021).  

Carbon offset projects generally support agriculture and forestry related policy objectives. During 

the last decades, most carbon offset projects have been implemented according to internationally 

approved standards, such as the Gold Standard, Verified Carbon Standard etc., but recently more 

and more projects have been implemented without international standards. According to a recent 

report, the greatest deficiencies of Finnish compensation projects were related to measuring, 

reporting and verifying the climate impact of the projects. Thus, defining national criteria for good 

compensation, and requiring producers to report accordingly, would ensure the reliability of 

purchased compensation products (Laine et al., 2021). 

Carbon contracts vary from length to cost-effectiveness, with the most cost-effective versions 

balancing the length of the contract with net sequestration levels. Moreover, the rate of 

participation in carbon offsetting schemes inevitably affects the pricing of carbon contracts 

(Ollikainen et al., 2021). 
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3. Policy instruments in agriculture 

Only a few of the currently available climate change mitigation measures in agriculture increase 

farm profits in addition to reducing GHG emissions. The power of voluntary markets to promote 

the uptake of mitigation measures is still to be seen. Thus, policy instruments are key in 

incentivizing climate action (Ollikainen et al., 2020). 

The Finnish agricultural support system is based on the European Union’s Common Agricultural 

Policy (CAP), consisting of three support instruments. These are the fully EU-funded direct 

payments, partially EU-funded natural constraint and environment payments and fully nationally 

funded support. The support system aims at supporting farmers based on the size of livestock and 

hectares of arable land they own, with different conditions and goals for each instrument. The main 

goal of the support system is to ensure the profitability of production, but it also provides 

investment support for developing farms (Ministry of Agriculture and Forestry of Finland, n.d.).  

3.1 Finnish national policy instruments 

The EU member states are allowed to implement their national agriculture policies within the 

limits of the EU provisions. The basis of Finland’s agricultural policy objectives is stated by Niemi 

& Niskanen (2021) to be “compensation for the permanent negative impact on the competitiveness 

of agriculture caused by conditions during the EU period to assist domestic production in 

succeeding in the European single market.” The subsidies paid to farmers from the CAP support 

are either paid in full by the EU or funded together with Finland.  

In addition to this partly or fully funded support from the CAP, Finland paid nearly 320 million 

euros of nationally funded aid to farmers in 2021. The nationally funded aid includes, e.g., Nordic 

aid and national aid for farmers in Southern Finland (Niemi & Niskanen, 2021). The aim of 

nationally funded payments is to maintain and develop diverse forms of agriculture in different 

parts of the country and to develop the competitiveness of the sector in a sustainable way. In 

addition, the nationally funded payments target environmental sustainability and the well-being of 

animals. The national support system accounts for the special circumstances of agriculture in 

Finland. In animal production the support payments increase from south to north, whilst in crop 

production area-related support evens out the support per hectare across the country. In addition, 
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structural support is targeted at improving productivity and promoting generation renewal 

processes (Ministry of Agriculture and Forestry of Finland, n.d.). 

3.2 Common Agricultural Policy (CAP) 

CAP is ongoing reform and the Strategic Plans of member states for the new proposal were 

submitted to the European Commission in 2021 (European Commission, n.d.). Although the new 

CAP will not be implemented before 2023, the objectives are said to contribute strongly to the 

European Green Deal (Kowalczewski et al., 2021). The previous CAP, from the period 2014-2020, 

will be followed in 2022, although funding will be drawn from the upcoming CAP period (Niemi 

& Niskanen, 2021). 

The budget agreement in 2020 secured an increase by 2.5%-6%, depending on the calculation, in 

the funding for agriculture for Finland. The increase in funding varies according to pillars I and II 

of the CAP. Pillar I, consisting of direct subsidies will face a decrease of 0.8%, while the 

agricultural development funds of pillar II will increase by 7.6%. This was one of the main political 

priorities for Finland in EU negotiations. The increase in funding for the upcoming CAP period is 

linked to Finland’s net contribution position. According to Niemi & Niskanen (2021) agriculture 

accounts for the majority of total EU expenditure in Finland and the role of subsidies in the 

generation of agricultural returns is higher in Finland than other member states, accounting for 

30% of total returns on agriculture in Finland. 

The basic structure of the CAP will remain the same during the upcoming funding period, though 

attention has been paid to climate and environmental goals. The European Commission has 

proposed for a “green architecture” as part of the CAP, which allows and requires member states 

to implement environmental measures. The national strategy plans will be included in the CAP to 

ensure that the European Commission's goals are implemented in all member states. National plans 

are required to be in line with the European Green Deal, Farm to Fork Strategy and Biodiversity 

Strategy (see section 3.3. for details on the strategies) (Niemi & Niskanen (2021). The CAP reform 

aims at offering policy instruments that enable viable methods for climate change mitigation, 

including a shift from compliance to a performance-oriented set of indicators (European 

Commission, n.d.). CAP support also aims at promoting animal welfare as well as organic 

production (Ministry of Agriculture and Forestry of Finland, n.d.). 
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Farmers eligible for CAP aid must engage actively in farming and comply with the statutory 

management requirement, as well as the standards for good agronomic and environmental 

conditions. Specific requirements, e.g., in the greening aid, include crop diversification, the 

maintenance of an ecological focus area and existing permanent grasslands (Niemi & Niskanen, 

2021). 

3.3 Policy instruments promoting carbon neutrality 

European Union’s goal is to become carbon neutral by 2050. The overarching framework for 

achieving this goal is found in the European Green Deal. This framework includes several 

strategies that incorporate the agriculture and forestry sectors with key roles in achieving the 

overall target. These strategies include the Farm to Fork strategy and the Biodiversity strategy, 

both of which target reaching a 25% of agricultural land under organic farming (EIP-AGRI, 2021). 

Several of the strategies under the European Green Deal have announced an initiative called EU 

Carbon farming, which aims at providing new business models and sources of income for farmers 

(EIP-AGRI, 2021). The aim of the ongoing reform of the CAP is to shift support from compliance 

to performance with the help of indicators and instruments that are based on the environment and 

climate (Kowalczewski et al., 2021). It is estimated that apart from an increase in crop yield, carbon 

farming may increase farmers income through the incentivization for increasing carbon sinks. 

Innovation and research program, Horizon Europe, stands at a supporting role for the EU Carbon 

farming initiative, as it promotes transnational collaboration. Living Labs, Focus Groups, 

Operational Groups and others are tools under Horizon Europe that support implementing EU 

policy at the farm-level in EU member countries. The proposal for a climate law, which would 

signify legislating carbon neutrality in the EU by 2050 is also at an initiative stage (EIP-AGRI, 

2021). 

A “Technical Guidance Handbook” has been commissioned by the European Commission to aid 

farmers in starting and upscaling carbon farming initiatives as well as to provide analytical support 

on operationalizing the EU Carbon Farming Initiative. The handbook presents the technical 

readiness and implementation of carbon farming in five case studies. These examples are presented 

within the field of peatland restoration and rewetting, agroforestry, livestock, grassland and soil 

organic carbon. The study reveals that peatland restoration and rewetting is technically the best 
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known and utilized practice. The Technical Guidance Handbook also projects that result-based 

payments (RBP) may be effective in achieving GHG emissions reductions and carbon 

sequestration. According to the study, the verifiability of indicators would be key in a RBP system 

(Kowalczewski et al., 2021). 
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4. Theoretical framework 

When choosing a framework in futures studies, Malaska & Virtanen (2013) encourage to choose 

from the most common theories. For example, future maps are often used in futures studies, and 

their use was also evaluated for this study. Future maps are often used when investigating scenario 

variables, as it allows for a symbolic visualization of what is possible and what is likely in the 

future. Scenarios are defined as visual or planned routes in the universe of futures. The use of 

future maps as the theoretical backbone of this study is justified, as it would have allowed for a 

cross section evaluation of the state of agriculture in 2030 (Malaska & Virtanen, 2013).  

The theoretical framework of this study is not, however, based on futures maps, but instead on the 

future signals sense-making framework (FSSF), which offers a comprehensive matrix of the 

themes that are necessary to answer the research questions. As Kuosa (2010) presents it, the FSSF 

offers a framework for separating relevant future knowledge according to one's own understanding 

and views, and this was key in my research. This section presents futures studies and the FSSF, its 

suitability for this study and its key themes. 

4.1 Futures studies  

There are several approaches to analyzing the future and its possible scenarios, such as scenario 

techniques, back casting, Delphi-studies, modelling and so on. All these approaches have different 

functions and roles to play. The aim of the futures study affects the choice of approach. Two 

distinct aims can be identified, the desire to know what the future will bring and the belief that 

planning can change development. Knowing what the future will bring allows one to make 

adjustments while there is still time. The second approach allows for a chance to change 

developmental paths, rather than to adjust to the path that is already paved. This approach may 

especially interest large corporations that have the power to change development (Höjer & 

Mattsson, 2000). 

One of the basic concepts of futures research, foresight, may be used together with either goal. 

Specifically, foresight refers to applied futures research to support business decision-making 

(Malaska, 2013). The principle of foresight considers the present and the future as tightly 

interlinked. Thus, future issues and phenomena related to society, technology, science, education, 
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politics, economy, culture etc. are examined as a reality system (Rubin, 2003).The concept of 

reality systems depicts that reality is systemic in nature, and it is connected and affected by all 

factors and people within the system interface. A key concept in reality systems is supervision, 

which refers to the dependency between various levels in a system. The concept of weak 

supervision prevails always, as changes cannot happen in the top levels without changes happening 

in the lower levels. For example, technological advances require changes in humans, machines 

and the use of the machines (Kamppinen & Malaska, 2003). A food system is a complex reality 

system and farmers and primary production represent one level of this entity, thus predicting the 

future of agriculture requires a broad system level review. 

Futures studies as a form of research can be divided into different approaches, such as pragmatic, 

syntactic and semantic. According to Malaska (2013), futures research is often influenced by all 

of these approaches, although research may be focused on one more than the other. This study is 

based on all three approaches. The pragmatic approach in futures studies answers the purpose of 

the study, which in this thesis is to provide foresight for management and strategical purposes. The 

syntactic approach asks the question “How to acquire information about this issue?”. In this study 

changes in agriculture are predicted with facts about the present, observations of emerging changes 

and indications that something is about to happen. The semantic approach in futures studies 

delivers the contents to future intelligence, which is a perspective of the relationship between the 

past, present and future that influences action (Rubin, 2003). As is future intelligence, this thesis 

is highly speculative and thus the knowledge it unfolds is conceptual rather than the written truth. 

4.2 Future signals sense-making framework (FSSF) 

The future signals sense-making framework was developed by Kuosa (2010) to better understand 

future oriented research material. According to Kuosa (2010), the concepts related to the 

observation or anticipation of change were often vague and this prevented the relevant future 

knowledge from being identified. The philosophy behind the framework is based on the principles 

of environmental scanning and pattern management, in which an emerging transformation can be 

detected in many ways. The main objective of this study is to identify the potential sources of 

income for farmers, thus it is key to identify not only the novel possibilities, but the emerging and  

existing weak signals as well. In addition, strategic early warning systems and issue management 

have been utilized in the development of this model. From environmental scanning, the FSSF 
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utilizes the idea of scanning both the internal and external operational environment of an 

organization, in order to identify early signals of positive change and changes already underway 

in the environment. Issue management offers the idea of identifying and monitoring social, 

technological, political and economic forces and trends. Interpreting their consequences enables 

one to react to them as needed. The political arena in which agriculture lies is a complex setting, 

which inevitably affects the changes in the sector. The FSSF encourages to examine the promoters 

and disrupters of change, which is key in identifying the role of policies in agriculture. Strategic 

early warning systems include phases of gathering information of weak signals and trends, 

selection and analysis of the most potential trends and formulating a strategy to react to the relevant 

trends and issues. Pattern management can be defined in several ways, but Kuosa (2010) interprets 

it as managing phenomena that may or may not be visible or already existing and emerging the 

paths of transformation. FSSF can be referred to as an alternative philosophy towards future 

knowledge in contrast to a single signal extrapolation approach. 

The FSSF can be utilized in futures studies from one to all existing themes in the analysis 

framework. The framework can be used as a tool for gathering, analyzing, sense-making, and 

categorizing data by placing relevant information in each theme to one of the six categories.  The 

categorizing work may help in identifying the reasons for the change and the factors that may be 

slowing down the change, in order to fully understand what sort of phenomenon is really in 

question.  

 

Figure 1. Future signals sense-making framework (FSSF) (Kuosa, 2010). 
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As Figure 1. illustrates, the FSSF includes three main themes, which are 1) weak signals, 2) drivers 

and 3) trends. These three themes form the basis for this study. Each theme is divided into linear 

and non-linear paths, which demonstrates its capability to act as a promoter or disrupter of change. 

The disrupters of change can be structures, trends, phenomena, processes, values or cultures that 

either emerge or fade. Promotors confirm our understanding of linear development in the future 

(Kuosa, 2010). The following sub sections present the principles of the framework and the three 

themes more thoroughly.  

4.2.1 Weak signals 

No consensus has been achieved of the best definition for weak signals due to dissenting opinions 

of what weak signals are and what relationship they have with concepts such as emerging issues, 

seeds of change, wild cards, and early warning signs. The earliest definition of weak signals is by 

Igor Ansoff from 1975, which states that weak signals are ‘symptoms of possible change in the 

future’. Ansoff referred to weak signals as internal or external warning signs of events or 

developments, which are too distant and incomplete to reveal the impact they may have 

(Holopainen & Toivonen, 2012; Hiltunen, 2008; Kuosa, 2010). Ansoff studied the strength of 

weak signals and responses to them as an alternative to strategic planning in organizations. 

Strategic planning is based on strong signals and Ansoff understood that the rapid changes in a 

business environment call for increased strategic flexibility, which could be achieved by responses 

to weak signals. In addition to Ansoff's contribution, many researchers in the last century dedicated 

their work on the traditional extrapolation approach toward weak signals, which is undeniably a 

useful approach in enterprise consulting when the aim is to locate single new, interesting ideas to 

pursue strategically (Holopainen & Toivonen, 2012; Kuosa, 2010).  

During this century the focus of futures studies has altered from providing the most probable future 

to identifying the processes that have been initiated and preparing for many different futures. This 

approach allows us to think that we may “make the future” (Holopainen & Toivonen, 2012). Thus, 

the identification of future signals has become one of the most widely used techniques in futures 

studies to analyze trends, emerging issues and future insights (Young-Joo, & Ji-Young, 2018). 

Issues that have been commonly known may also become weak signals with a new interpretation. 
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Thus, interpretation is a key feature in weak signals (Kuusi & Hiltunen, 2012). Though weak 

signals, as a concept, has a long history, it has only recently been integrated into the core of futures 

studies, now with a more societal approach than Ansoff's ideas of strategic management. 

Holopainen & Toivonen (2012) argue that weak signals are distinguished today as a natural 

element in futures studies, and they play a crucial role in the future toolkits. 

In this study, weak signals are referred to as ‘the future-oriented information behind future trends, 

changes and emerging phenomena’ (Young-Joo & Ji-Young, 2018; Hiltunen, 2008). These signals 

can be characterized as unusual and interrupting events, causing future changes that are entirely 

new behavioral patterns unlike those in the past (Young-Joo, & Ji-Young, 2018). 

The weak signals theme in the FSSF is meant for single or groups of observations that are related 

to change, either as true weak signals or as observations that have already started to emerge. The 

true weak signals are placed in the first category under the non-linear path, as this information is 

an interrupting knowledge that may change the course of a certain path. Usually, this information 

shakes up the person's understanding of the current issue or phenomenon. The second category, in 

the linear path, represents the existing and already emerging, but changing, trends. 

4.2.2 Drivers 

The second theme in the FSSF, the drivers, is the causalities of change. According to one 

definition, drivers are phenomena that are identified at society level or even beyond and which 

influence decision making either consciously or unconsciously. They may be significant for 

societies, organizations or even at a personal level and often drivers are related to time and habits 

and formed by values and assumptions. Drivers are often quiet knowledge, something that is 

perhaps not spoken of, but acknowledged all the same (Rubin, 2003). 

The distinction between pushing and pulling drivers is not self-evident. However, Kuosa (2010) 

distinguishes the pushing drivers of change as e.g., the ideas, threats, opportunities or technologies 

that trigger a change or phenomenon. The pulling drivers, in contrast, are the demands that surface 

from the theme or issue, or perhaps as a result of the pushing drivers.  
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4.2.3 Trends 

The third theme in the FSSF allows the researcher to identify and interpret the relevant trends in 

the inspected environment. Trends are defined as the characteristics of the present that are believed 

to continue as predetermined (Kamppinen et al., 2003). The first category in this theme (5.) 

includes the trends that can be seen as disrupters of structural or value changes as well as the 

blockers of change, that may either slow down a trend or even eliminate it. The second category 

(6.) is best described as the “flowing river of change”, which includes the inevitable large change 

processes, such as megatrends, path-dependencies and multiplier effects, which can seldomly be 

influenced (Kuosa 2010). 
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5. Material and Methods 

5.1 Qualitative research 

The approach of this thesis is qualitative. Tuomi & Sarajärvi (2018) and colleagues define 

qualitative research as an umbrella term for a vast number of research methods.  Qualitative 

approaches are generally applied in studies consisting of in-depth investigations on relatively 

unexplored subjects. Hirsjärvi et al. (2009) claim that qualitative research is based on the 

representation of real life and its complexity. Although vast literature on carbon sequestration and 

carbon emissions reduction in agriculture has been published in recent years, a gap is evident in 

futures studies concerning the earning potential in carbon neutral agriculture. Thus, the explorative 

nature of this study allows for an in-depth dive into this, so far untouched, topic. This study also 

sheds light on the weak and strong possibilities of generating income from carbon neutral 

agriculture. It will, however, not try to verify existing claims on the current situation. For this 

purpose, qualitative research was chosen as the approach to the study (Hirsijärvi et al., 2009). 

Typical features of qualitative studies include the systematic collection, organization, description, 

and interpretation of text, verbal, or visual data. Data are collected in real-life situations with 

people as the main instruments and cases are treated as unique. Moreover, a common aspect of 

qualitative research is the use of straight quotes from the data in the results (Hirsjärvi et al., 2009; 

Tuomi & Sarajärvi, 2018; Hammarberg et al., 2016). 

Qualitative research is also prone to scrutiny due to its inspective nature. Compared to quantitative 

research, qualitative research methods provide smaller samples, which do not represent a broader 

population (Hammarberg et al., 2016). Thus, qualitative studies often make very limited claims 

and avoid generalization (Bengtsson, 2016). Instead, the discussions and in-depth interviews aim 

at exposing experiences, opinions, meanings and perspectives from the standpoint of the 

participant. Thus, the analysis of data in qualitative research is susceptible to a subjective tone as 

well as the bias of the researcher (Hammarberg et al., 2016; Pignatti et al., 2015). 

5.2 Interviews and data collection 

This study is based on utilizing semi-structured interviews with experts in the field of agriculture. 

The decision to interview experts emerged from the idea that those working towards developing 
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the field must also have a vision of what the future will bring. In addition, the chosen experts work 

in positions where they can influence the future of agriculture. Semi-structured theme interviews 

were utilized to encourage free flowing conversation and completely new observations and 

insights. The interviews started with collecting background information from the participants, after 

which the three themes of the interview were introduced. The three themes of the interview are 

from the FSSF, which are: 

1) Weak signals 

2) Drivers 

3) Trends 

The question sheet for the interviews consists of altogether fifteen questions, including four 

background questions in the beginning. Although the questions were meant to be merely 

supporting notes, all questions were asked, as they inevitably formed a flow for the interview. 

Additional questions were asked as well, as it became quite clear during the conversation, that 

certain themes raised more interest in the participants than others. The interviews included 

observations of the past, present and the future. The questions were not intended to guide the 

discussion towards modern developments in the field, but inevitably the present is considered 

when mirroring the future (Kamppinen & Malaska, 2003). 

The sample for the interviews was selected in collaboration with Envitecpolis Oy, and comprised 

of relevant agricultural experts from government institutions, the food industry, an agriculture 

interest group, businesses working in the agriculture sector as well as researchers from the field. 

The sample list of participants consisted of 13 participants from ten organizations. The participants 

were invited to take part in the interviews by email in three phases. The invitations were phased 

out due to the predetermined number of interviews, so as not to contact too many interviewees at 

once. Invitations to the participants were sent by email between September and October 2021. Ten 

participants replied to the invitation, of which 4 declined to participate in the study and 6 accepted 

the invitation. Most of the invitees replied to the invitation within a day or two. The ones who did 

not reply within three days were sent a reminder by email. One interview was held in the beginning 

of November as the participant answered the invitation email after several weeks. 
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Interviews were conducted by Microsoft Teams and each interview was planned to take an hour, 

though the length of the interviews varied from around 30 minutes to 1 hour 15 minutes. The semi-

structured interview was not meant to be sent to the participants in advance, but due to an inquiry, 

one participant received the questions beforehand. The interview question sheet can be found in 

the Appendix.  

The participants represent organizations that are at the front line in developing the agriculture 

sector. Participants were hand-picked together with Envitecpolis Oy and their expertise on the 

subject was carefully considered. The participants represent a government agency, the agriculture 

industry, the food industry, an agricultural interest group, a university research department and a 

primary producer. The participants were selected as representatives of their organizations’, but 

they share their views as individuals. In addition, background information of the interviewees as 

well as the names of their organizations were decided to exclude from this study to ensure 

anonymity. Details of the interviews are illustrated in Table 1. 

Table 1. Details of the interviews. 

Code Organization Date Duration Interview method 

P1 Government agency representative 13.10.2021 53 min. Teams 

P2 Agriculture industry representative 07.10.2021 36 min. Teams 

P3 Food industry representative 14.10.2021 45 min. Teams 

P4 Agricultural interest group  15.10.2021 53 min. Teams 

P5 University research department 03.11.2021 55 min. Teams 

P6 Farm 26.10.2021 1h 15 min. Teams 

 

As a limitation of the data, the sample size was intentionally small. However, the aim was not to 

seek statistical generalization, but to describe and understand the phenomena at hand. Thus, the 

goal in data collection was not to collect data until the saturation point is reached, but to concentrate 

on interviewing experts who preferably know as much as possible about the agriculture sector and 

examine the issue from different perspectives (Tuomi & Sarajärvi, 2018).  

5.3 Theory-driven content analysis  

The data were analyzed using a theory-driven qualitative content analysis. Content analysis is a 

widely used qualitative method that allows the researcher to interpret data from different 
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approaches as systematically and objectively as possible (Hsieh & Shannon, 2005; Tuomi & 

Sarajärvi, 2018). Content analysis also aims at providing a concise and general description of the 

theme and raising the meanings of the issues in a clear and understandable form (Tuomi & 

Sarajärvi 2018). 

In this thesis, the approach chosen for the content analysis is theory-driven, which, according to 

Tuomi & Sarajärvi (2018), is one of three methods of content analysis. The difference between 

data-driven, theory-guided and theory-driven content analysis lies in the relationship between the 

theory and the data. Data-driven content analysis progresses on the terms of the data, forming 

classifications straight from the data as the analysis progresses. Theory-driven and theory-guided 

content analysis are theory-based. In theory-driven content analysis, categories are formed from 

the theory and utilized from the very beginning of the analysis process. Theory-guided content 

analysis lies in between data-driven and theory-driven content analysis, as it begins with a data-

driven approach, but connects the theory to the categories established from the data (Tuomi & 

Sarajärvi, 2018). 

This thesis is highly deductive in its approach, as the theory guides the analysis from the beginning. 

The theoretical concepts are brought into the analysis as “already known” facts about the 

phenomenon (Tuomi & Sarajärvi, 2018). In this thesis, the analysis of the data is approached with 

the theoretical framework FSSF. The framework forms the matrix for the coding and categorizing 

of the material. 

Interviews were recorded with Microsoft Teams and transcribed with Microsoft Word immediately 

after each interview, to ensure that the themes were in fresh memory. After the transcription, the 

text was uploaded into the software Atlas.ti to begin the analysis process. The content analysis 

began with defining the analysis unit, which best suits the aim of the research and the material 

being analyzed. The analysis unit, in this case, is a set of ideas, although certain terms and phrases 

also form observations of weak signals (Tuomi & Sarajärvi, 2018). 

The first phase of theory-driven content analysis is the formation of an analysis framework, which, 

in this study, utilized the FSSF (Tuomi & Sarajärvi, 2018). The framework provides the three main 

theme areas (weak signals, drivers and trends) and two categories for each main theme, that 

represent the linear and non-linear paths of changes. The material was first coded into the three 

main themes, after which they were categorized within these themes. The analysis provided 192 
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quotes that fall under the main themes. The text that did not fall under the themes or the categories 

were coded without a category as to allow it to be taken into the analysis as a new category and 

used to supplement the theory (Tuomi & Sarajärvi, 2018). However, due to the vast scope of the 

material, these parts were left out from the results as they did not add relevant information to the 

research. In the second phase, the codes were grouped into subcategories. The six main categories 

received 28 code groups in the subcategories, under which the quotes have been placed.  

The use of Atlas.ti allowed for effective screening and identifying of the characteristics of each 

category. The successful use of content analysis depends on the coding process. Ideally, a coding 

process aids in organizing large quantities of text into much fewer content categories and 

identifying their meanings, instead of merely rearranging themes together for the sake of coding 

them (Hsieh & Shannon, 2005; Tuomi & Sarajärvi, 2018). Atlas.ti was a beneficial tool for this 

research in its effortless use and clear functions. 
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6. Results 

This section presents the results from the content analysis based on the interviews. The section is 

divided into the three themes from the FSSF (weak signals, drivers, and trends) and each theme 

consists of two categories, the nonlinear and the linear path. The data were placed under one or 

more of the six categories.  

Direct quotes by the interviewees are used throughout this section to improve the credibility of the 

study. The quotes have been translated from Finnish to English freehand, as the exact wording is 

not crucial in understanding the context of the quote. The quotes have been separated from the text 

with indentations and quotation marks. Despite common practice in qualitative studies, the 

interview quotes have not been identified to ensure anonymity. The results of the study are 

illustrated in Table 2. 

Table 2. Code categories from the analysis of interviews based on the FSSF. 

A. Weak signals 

1.Weak signals, wild cards 

• Crises 

• Innovations 

• Premium markets 

• New market mechanisms 

• Paludiculture  

• Hydrogen 

• Cooperation 

2. Observations of existing changes 

• Substitution of materials and energy 

• Carbon markets 

• Digitalization 

• Food industry terms 

B. Drivers 

3.Pushing drivers  

• Planetary boundaries 

4. Pulling Drivers 

• Adaptation measures 

• Production costs  

• Consumers  

• Food industry  

• Verification  

• Value chain 

• Knowledge 

C. Trends 

5. Blockers of change 

• Technological bottle 

necks 

• Sustainability criteria 

• Profitability crisis  

• Lack of education 

• Values  

• Confrontation 

• Agricultural policy 

6. Inevitable large change processes 

• Path-dependence 

• Multiplier effect 

 Disrupters / nonlinear Promoters / linear 
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6.1 What weak signals can be detected? 

Weak signals, wild cards 

The results revealed that numerous weak signals can be detected that may offer additional income 

for farmers in carbon neutral agriculture. The completely new and surprising weak signals that 

follow a non-linear path of change are most uncertain and may not be in mainstream use by 2030. 

These weak signals may also require a larger system change, a so called collapsing of the regime, 

to offer significant cashflows for farmers.  

“When the next big crisis hits, when 100 million refugees seek asylum in Europe from the 

climate crisis or we are hit with a series of natural disasters so that our food systems ability 

to feed the population is endangered, then it will change.” P5 

The interviewees identified weak signals of food innovations from global markets that may offer 

new opportunities in Finland in the future. Cultured meat, also known as artificial meat, was seen 

as an innovation that may affect farmers income indirectly through the increase of meat prices and 

a new market for high-quality meat. However, its role in the food system was questioned and views 

varied from an extremely positive outlook of the commercialization of cultured meat, providing 

an answer to the profitability crisis as well as to reducing GHG emissions in agriculture, to ones 

that saw it as an interesting addition to other larger trends. In a previous study, Tuomisto (2019) 

argued that since research, funding, and motivation behind the development of cultured meat is 

lacking, this innovation is most likely to play a minor role, if any, in providing a sustainable 

solution to food production.  

“Laboratory meat will break through commercially globally in the meat market. I believe 

that this so-called cheap bulk meat will pass when it is easier to produce it in the lab instead 

of a farm... And in Finland, if we were smart, we would invest in quality meat and all this 

pig and poultry bulk, which are priced very low per kilogram, will be replaced by this. I 

believe in ten years the situation may be very different, because it is politically such an 

attractive thing.” P1 

The study predicted that meat consumption is growing globally and if cultured meat were to answer 

partially to the demand, Finnish meat could be marketed as an exotic delicacy.  
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“Artificial meat is coming and all sorts of microbe proteins and sorts...but could it be by 

2030? The consumption of meat will grow globally, even though the consumption is 

slowing down in developed countries. But globally its increasing and at some point, it could 

be that exotic northern meat, grown freely, could be a delicacy.” P3 

Cultured meat and the creation of premium markets could have a significant impact on animal 

production, resulting in decreased stock sizes, which in turn could increase meat prices. This cause-

and-effect relationship was seen as an income possibility for livestock farmers, but it would require 

investing in the branding and marketing of livestock in a completely different way. Since the 

domestic meat market continues to grow, there may not be an incentive to produce high-quality 

meat for exports (Lehtonen et al. 2020). 

“Whatever happens in the food sector, it has to be financially sensible for the farmers. For 

example, the most efficient way to decrease emissions would be of course to decrease the 

amount of production animals. That would require meat prices to triple. I think this weak 

signal can be detected.” P1 

In addition to cultured meat, the data highlighted that a premium market for climate-smart products 

may emerge within the next ten years. A premium market may enable farmers to choose whether 

to invest carbon sinks into the carbon market or to receive a higher price from the food industry 

for certified climate-smart products. 

“It’s a big question whether the food industry will set requirements, which are price-based 

and producers must answer to them to maintain the current price level, or will it come in 

the mode of a carrot, such as a premium for products that have a verified smaller climate 

impact. As such, I support this, because forerunners will be rewarded, and it would shape 

a premium market.”  P2 

The data indicated that pricing for carbon farming and climate-smart products must be fair for 

producers and enough to incentivize a whole new way of farming.  

“I said that if you want more carbon farming labeled products, and there is a demand for 

them, then you have to keep the price premium fair enough so that farmers will holistically 

shift production in that direction and once we get enough mass into the market then we can 
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start to think about fixing the price to something so that it follows a certain signal. It has to 

be something that motivates.” P6 

In December 2021, S-Pankki, a Finnish bank established by S-ryhmä, the customer-owned Finnish 

network of retail and service companies, launched the first ever fund for regenerative farming in 

Finland. The Renewable Agriculture Fund invests in Finnish fields and farmland together with the 

farmer. The fund was seen as a wild card that may compete with the carbon market in the future. 

The aim of the fund is to promote the positive climate impact of agriculture and the environmental 

sustainability of its operations, as well as to improve the profitability of domestic agriculture and 

the self-sufficiency of food supply (S-Pankki, 2021). The financing of regenerative practices has 

also been introduced in previous studies. For example, Mphambukeli (2021) argued that BRICS 

countries (Brazil, Russia, India, China, and South Africa) should collaborate in a joint fund to 

finance regenerative agricultural practices. Funds may encourage young producers to find a new, 

more sustainable, direction for their operations. 

Paludiculture is a current theme in Finland, as new means of cultivation on wetlands is studied 

feverishly. Nonetheless, the results of this study revealed that the process of identifying the key 

products for cultivation on wetlands is still in a very early development stage, as well as the 

development of machinery for cultivation and harvesting of wetlands. 

“The development of for example bulrush, which can be utilized for insulation and roof 

materials... we are at the very beginning of the development process, seeds are gathered 

and tested, cultivation is tested in greenhouses. In ten years, we’ll probably know what the 

possibilities are.” P1 

Agroforestry was mentioned as a possibility to introduce new products to the market, such as 

willow biochar. This prospect was not considered in-depth in the data, but leaning on previous 

studies, agroforestry is presented as a viable practice in facing the challenges brought by climate 

change by providing both ecological and economic stability. Even though prices of certain crops 

and products fluctuate, the diversification brought by the agroforestry systems may provide income 

sources that are spread more evenly. In addition, agroforestry systems may become available in 

voluntary carbon markets, providing additional income for farmers (Wilson & Lovell, 2016). 
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The possibilities hydrogen offers for primary producers was seen as interesting, but as a most 

unlikely possibility. Even though hydrogen economy has been in development especially in the 

transportation sector, the option of mainstream utilization in agriculture by 2030 was not seen 

relevant. This weak signal is highly dependent on the scaling and storage possibilities developed 

for it in the following decades. However, Karaeva (2021) presented the utilization of agricultural 

waste, especially from livestock production, in the production of hydrogen in a case example of 

the Republic of Tatarstan. The study concluded that hydrogen could be produced from agricultural 

waste that was collected from numerous districts in the region and processed further in several 

plants to be finally added into the regional pipeline system.  

“It’s interesting to see what hydrogen economy will look like in 2030. Manure can even be 

utilized as a raw material in hydrogen production. If by then there would be small-scale 

plants in operation.” P3 

The results confirm findings from recent studies concerning the increase of ecosystem services 

pricing. This possibility was seen as a relevant source of income for farmers in the future. 

Biodiversity was seen as a growing trend that may offer the next series of products on the 

compensation market.  

“But biodiversity is rising very fast. And I believe that compensation products or markets 

related to biodiversity will eventually be developed, when they can be measured 

reliably.” P2   

The amount of generation renewal processes is predicted to rise in the coming years due to the 

high age of farmers, which may result in a batch of fresh new practitioners who naturally consider 

themselves producers of ecosystem services instead of traditional producers of crops and livestock. 

“There may be new types of farmers, with different attitudes and interests in, let’s say, 

ecosystem services compensation, which might make them plan their production in a 

completely novel way. The next ten years will show us.” P1 

In addition, pricing of other services, such as GHG emissions reductions, could promote 

investments of biogas among others.   
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“At the moment, small-scale biogas plants on farms are not profitable in most cases. But it 

could be a compensation product at some point, which would actually make a biogas plant 

investment profitable.” P2 

Sustainable peatland production was seen as an attractive option for carbon markets or other 

market mechanisms. The study highlighted that the buzz around peatland production may very 

well drive development forwards for peatland producers in a brief time span.  

“And of course, there's the thing, that we can even pay for peatlands to emit less, so that 

others don’t have to sequester as much, and I believe that it’s a market that will take shape 

by 2030.” P3 

The utilization of cooperation in farming was seen as a potential method to decrease emissions 

from agriculture efficiently and to provide economic stability. Deeper cooperation between the 

food industry and producers could be a significant benefit. As an example of cooperation between 

slaughterhouses and farms, biogas could be produced jointly and used in both actors' transportation 

and logistics chain. This model could decrease the carbon footprint of the whole chain and raise 

profitability through decreased costs. Furthermore, community supported agriculture and 

agroecology were identified in the results, with reference to possibilities for income outside of the 

traditional model, where food is sold to the stock and then on to the grocery chains. In addition to 

the economic benefits of these concepts, the results indicated that these models produced positive 

environmental impact through the circulating raw materials and nature-based on-farm practices. 

“If we talk about agroecology, for example in Europe it is a much larger thing than in 

Finland, as we have only one agroecological symbiosis, so we are quite at the starting point. 

If we had, let’s say, a few hundred of them around Finland, emissions from agriculture 

would look a whole lot different.” P5 

Existing observations of change 

The weak signals that follow a linear path of change are observations that have started to emerge 

or already exist to some extent. These emerging observations are predicted to offer additional 

income possibilities in the future with more certainty than the weak signals following the non-

linear path of change.  
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The role of biogas and renewable energy in agriculture is suspected to increase. The use of biogas 

to substitute fossil fuels in agriculture is not a novel invention, but despite the hype around it in 

the last decade, the unprofitability of small-scale biogas plants has decreased their popularity. 

Views on the potential of biogas in reducing emissions in agriculture vary significantly among the 

interviewees, and thus an incentive for the increase in investments for new plants is uncertain. The 

discussions regarding biogas included reflections on what could be utilized as the raw material for 

biogas and which raw materials have the best impact on climate change in the big picture. 

“It is hard to separate wild cards and the big picture, but we have to get rid of the fossil 

economy and somehow substitute it so why not utilize hay for biogas production? It is a 

better raw material for biogas production than manure and in that way grasslands could be 

utilized. It is probably not a weak signal but a very significant, and for some reason 

untreated, potential.” P5 

Carbon markets for carbon credits from the agriculture sector are seen as potential sources of 

income, although uncertainty lies in the actual emissions reduction this option offers and the 

regulation it will face once the market grows.  

“I think this whole compensation thing is very controversial, because it doesn’t really 

change the situation for the better. If something is destroyed somewhere and then it’s 

compensated for somewhere else, then the result is plus minus zero. I relate to it 

conceptually, but it's not a solution. We really do need to reduce emissions, even though 

we’ll probably get more of these compensation things, but pretty soon we’ll realize it’s not 

a solution. I see this situation as a dead end.” P1 

The market for carbon credits from agriculture is at a very early stage in Finland. However, the 

data indicated that this market mechanism was seen as a very potential income source for farmers 

by 2030. This market mechanism was seen as a realistic way to aid in reaching the goals pledged 

by the Glasgow Conference and Paris Climate Agreement.  

“Carbon is already priced in the society, and it will be priced more and more widely. 

Agriculture will most likely be covered by 2030.” P2 
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The participants of the study were also asked about the carbon market globally and the results 

suggest that they function differently, and the verification of carbon stocks is not considered 

reliable.  

“Elsewhere in the world, in Europe and a few in the Americas, are in a development or 

start-up phase. They have a slightly broader approach to the subject, as sinks are calculated 

with entities of various measures. In Finland, sinks are measured specifically, i.e. the effect 

of one measure on the carbon content of the soil and the change caused by that measure. 

Other countries are in the experimental stage, where they measure the net change in the 

soil, meaning that the sink is action free because you buy a set of measures that have caused 

the sink.” P2 

No consensus was found on the reliability of verification of carbon soil stocks. The data varied in 

opinion of how well carbon can be measured below ground. The challenges identified in measuring 

soil carbon stocks were the price and carbon variation. According to the data, precise carbon 

measurements are available, but the traditional soil samples take decades to be verified and quick 

measurements are extremely costly. However, the results indicated that carbon sinks from wetland 

management are considered straightforward to measure and verify, which may offer practitioners 

of organic soil the chance to join the carbon market in the future. 

“Well, I don't know all the methods so deeply, but if it is above-ground, such as in 

agroforestry, it is easily verifiable, but soil carbon and its changes, in my opinion, is not. 

There are no verification mechanisms that would be easy to use reliably. After all, it is 

based on modeling, and models must be calibrated once more and more information is 

found. The internal variation in the field is great and during a dry season you can lose the 

carbon that has been bound for a couple of years and then you have to pay it back. It's a 

pretty hard task. But instead in the peatland sector it is quite straightforward, so it can be 

quite reliably verified that if the water table is kept high, it has an enormous effect on the 

emissions.” P1 

Despite the distrust towards verification of soil carbon stocks, the expectations towards the carbon 

market in the future were strong. Technology is perceived as not only an enabler of carbon 

measuring but of improving the verification and traceability of the whole value chain in food 
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systems. Expectations towards advances in technology for agriculture were seen to be set on 

modeling, utilizing satellite data and measuring carbon from gases. 

“When talking about digitalization, the inputs you buy for the farm, they circulate from 

storage to the field and then from the field to the market, and they should be transparent 

during the whole value chain. Digitalization enables the traceability and verification of the 

production branch and its sustainability, and these are of interest to consumers.” P6 

Farming practices such as precision agriculture, which are already in use, are seen to increase in 

the future.   

“All sorts of things will improve, this precision farming will become more common, animal 

feed will improve, knowledge will increase.” P5 

Studies suggest that vertical farming and robotics will provide a sustainable alternative to the 

traditional production of many plant species (De Clercq, 2018). Vertical farming was identified as 

a wild card in agriculture. It was seen as an opportunity to invest in promising technology, which 

may allow the cultivation of several plant species throughout the year. In addition, the use of 

robotics in the context of vertical farming was seen as a possibility to intensify production with 

less resources. Moreover, vertical farming systems are often used to produce higher-value crops 

due to higher production costs, thus providing higher income levels for farmers (Tuomisto, 2019). 

“Robotics is perhaps the biggest revolution, which we don’t even understand yet, about 

how much and what sort can be cultivated with it.” P6 

The weak signals concerning changes driven by the food industry were not radical or overly 

emphasized in the study. The changes happening in the industry are seen as following a common 

linear trend of sustainability issues that have surfaced. The views given seemed to be rather ideas 

on how the industry should proceed or what an ideal situation would be like. An idea for a 

sustainability label, much like the Nordic Swan Ecolabel, was suggested to  motivate farmers and 

to bring added value from the consumers to actions done on farms for increasing sustainability. 

The interviewees did not present observations that had much certainty, though increasing 

requirements for farmers from both the industry and consumers were seen as a rising trend.  
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“Food industry sets conditions, or at the least some expectations, for the producers even at 

present. And this will most likely increase, and the phrasing of these expectations will 

become stronger, and they may be added into the pricing criterion.” P2 

6.2 What drivers of change can be identified? 

Pushing drivers 

The interviewees had difficulty in differentiating pushing and pulling drivers. The main pushing 

drivers presented were those that currently push the planetary boundaries. Climate change and 

biodiversity loss were named as the factors that require the sector to change.  

“The drivers are the planetary boundaries, climate change and biodiversity loss. And also, 

nitrogen recycling. These are pushing the earth's boundaries. We already have land that has 

been once dried and taken into use so it would be stupid to throw away that nitrogen 

reserve.” P4 

The effects of climate change on agriculture can be perceived in Finland. Heavy precipitation 

during the spring months and dry summers have caused decrease in crop yields. The results 

indicated that a pulling driver of change is also the adaptation measures that some have already 

implemented. Acknowledging that the resilience of cultivated land can only be improved by 

adopting measures to maintain soil health as well as understanding the importance of water 

management is crucial in adapting to the changing climate, according to the data. The results 

established that the longer the need for changes is delayed, the more aggressive the effects on 

agriculture will be. 

Pulling drivers 

The demand for recycled fertilizers has grown drastically due to the rise of prices of synthetic 

fertilizers. Increasing costs of production in agriculture were identified as pulling drivers for 

change.  

“On the other hand, I believe that the use of different recycled inputs will increase due to 

market conditions. We can now see the effect of energy prices on the fertilizer market, 

which is raw material based in virgin production and does not thus have the same impact 
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on the recycled fertilizer market. This will certainly direct some farmers to look at different 

options.” P2 

Although changes in consumer behavior were not emphasized in the weak signals theme of this 

study, their role in the transformation of agriculture and as a driver of change was presented, 

though not unanimously. The demands placed by consumers and the food industry were not seen 

as a barrier or limit to the producer's work, but instead they can act as driving forces if sufficient 

compensation is provided to farmers for certain actions.  

“We are, in a way, in a consumer's reign, and it requires a new approach to the ownership 

of different market segments. It has its challenges but also it provides opportunities, such 

as international markets. It provides opportunities if they are ready to pay for the value-

added things.” P3 

However, consumer values have changed toward sustainable choices in very niche groups. Price 

is still a determinant, for example, in meat consumption. 

“...I, myself, also have a basic assumption that the consumer is significant, but time after 

time these projects reveal that, yes, we have these small consumer segments that act 

differently, but we also have a food culture that is so deeply rooted and slow to change... 

Consumers use what is at hand and then we have these small groups of consumers that are 

quite insignificant in the big picture. Of course, there is local food and REKO networks 

and vegetarians that account for some percentages, but they cannot transform our food 

system, because they cannot change the regime.” P5 

Raising meat prices was seen as the only promising way to affect consumer behavior. 

“Our consumers are extremely aware of prices. That’s why the best solution would be to 

raise meat prices one way or the other and that would affect consumption behavior.” P1 

Consumers may act as pulling drivers of change not only regarding the foods they buy, but as 

buyers of compensation products. Carbon sinks have so far gained popularity in the compensation 

market, but as the market is expected to continue to evolve, the buyers of compensation products 

may influence the structure of the market significantly. 
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“Compensation product buyers will become on group, that will influence what is 

emphasized in the compensation markets, for example are emissions reductions or carbon 

sinks in a key role. Now more is paid for carbon sinks than for carbon reductions because 

there is less supply and demand for them. Until the market has evolved for carbon 

reductions, it is most likely that the farmer will favor increasing soil carbon than changing 

a tractor to a more energy efficient one.” P2 

The contextual environment has changed radically. Carbon footprint is well known, and consumers 

are aware that green washing is common and thus the requirements for food industry and producers 

have hardened. Certain aspects of consumption are seen to have changed in a larger mass, such as 

the demand for reporting and transparency. 

“Another significant thing that responds faster than demands from the government or, for 

example, the EU, are market-based consumers. Firstly, they require much more truthful 

reporting. Things that could have passed as loose references five years ago don’t work 

anymore. Now, external verification is required for emission calculations.” P2  

Resolving technological problems of measuring and modeling of sustainability were also identified 

as a pulling driver. This results suggested that once the issue of double counting is resolved or 

strict rules are drawn up in the industry, it will enable the growth of voluntary market mechanisms 

and substitution of energy and materials. Furthermore, science-based targets are believed to unite 

the varying opinions and increase the trust of consumers and producers alike. 

“Let’s hope that value-added things will start to emerge in the market, but anyway I believe 

that once the science base gets stronger and we get to a point that it's not as unclear, with a 

million opinions on how it should go, then it creates opportunities for creating a genuine 

carbon exchange. The truth is, there is only a few sectors who can even sequester carbon, 

so primary producers will be in a key position through their forests and land.” P3 

In addition to the consumers, the changes happening in the industry and along different parts of 

the value chain can be placed under the theme of drivers. The results validated that the changes, 

though slight, can also act as pulling drivers for producers. 

“Then of course the actors in the field such as grocery chains and especially the food 

industry, have adopted climate goals. Valio and meat brands and a few vegetarian food 
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processors, this of course works as a driver for livestock production towards carbon 

neutrality. They are measuring and monitoring, and farms must start making 

calculations.” P5    

Overall, the accumulation of knowledge was identified as a pulling driver. Climate issues have 

been on governmental agendas for decades, but the implementation of certain goals in the 

agriculture sector has happened in a brief period. The more the practitioners in the field are 

educated, the stronger the overall pull for change in the industry was seen to be. 

“...this climate issue has been thrown at this industry like a wet rag on the face and it 

requires digesting and getting familiar with it in order to change cultivation methods and 

acquire new machinery...So the understanding and the accumulation of knowledge and 

skills is more of a pulling driver.” P5 

Agricultural policies, both national and EU level, were considered evident drivers of change. These 

will be presented more closely in section 7.4. 

6.3 What trends will prevail?  

Blockers of change 

The fifth category in the FSSF constitutes trends which may slow down or prevent the emerging 

changes (Kuosa, 2010). In this study the blockers of change were divided into the following sub-

categories: technological bottle necks, sustainability criteria, profitability crisis, lack of education, 

values and confrontation. Policy instruments were also placed under the blockers of change, but 

their effects are presented in the following section (7.4). 

The two largest groups within these blockers of change are the technological bottle necks and the 

profitability crises in Finland. Technological bottle necks include challenges with double counting, 

modeling, measuring and verification. Regarding emissions reductions, a commonly 

acknowledged problem is who can count the reduction for their own good. 

“At the moment there are no rules for it, it’s completely a subject matter of the agreement. 

I believe that biogas plants obviously have their own view on the matter, that they produce 

renewable fuel and raw material is raw material. Farmers probably have a different view, 
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because the carbon has already been sequestered when the raw material leaves the field. 

This is quite like the question of whether a producer is responsible for the carbon footprint 

of foods. I believe the benefit will be divided, because it is unfair that only one actor 

benefits.” P2 

Regulations aim at avoiding double counting, which is defined as emissions reductions benefitted 

in various targets (Laine et al. 2021). The study suggested that avoiding double counting has 

increased competition and bad spirit between sectors. This disrupts development, as instead of 

working for a common goal, sectors and actors are trying to maximize their own advantage. 

“The framework is bad, and the indicators are uncertain, and a third thing is the energy. A 

million tons of emissions are allocated to agriculture and the benefits are all trickling down 

to the energy sector. A fair climate action verification system is needed to show where the 

actions are actually made. Sectors are competing, taking and benefitting, and agriculture is 

being blamed and even the food industry blames agriculture. So, the counting and 

distributing among different sectors and the reporting and measuring, there’s so much to 

do.”  P4 

Although technological development is fast and breakthroughs have happened in many sectors, 

the period of time reviewed in this study was seen as a short time to achieve transformation in 

agriculture.  

“Up until now, the Finnish food system has been reformed in cycles and the structure has 

never changed through anything other than big crises. Everything in between has been 

finetuning, so by 2030 nothing crucial in the big picture will come from the technology 

side. Of course, all sorts of things will improve, precision agriculture will become more 

common, livestock feed will improve, knowledge will increase. ” P5  

In addition, technological developments were considered scattered and inefficient to provide 

solutions to the big picture.  

“In my opinion digitalization is a huge opportunity in Finnish primary production, but the 

field is completely scattered. I’ve been saying that we have too small a sandbox with too 

many players in it.” P6 
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Although tightening requirements to primary producers from the food industry were seen as a 

pulling driver of change, sustainability criteria, or lack of it, was seen as an obstacle for this 

transition. The results indicated that sustainability criteria in Finland were perceived stricter 

compared to other parts of the world. If sustainable criteria were to decrease production in Finland, 

it was seen as harmful in the big picture. This may transfer the negative effects to low-income 

countries, if consumption levels stay at current levels.  

Sustainability criteria were mentioned regarding bioenergy production and specifically the origin 

of raw material used, for example in biogas production. The production of raw material for biogas 

production in organic soils, such as peatlands, was seen as sustainable and beneficial for the 

climate. Sustainability criteria may also be a major blocker of change in the case of livestock 

production, if for example the carbon footprint of the product is only taken into account. If only 

certain measures are weighed in the sustainability criteria, it automatically excludes products that 

may have other benefits for the environment, such as increasing biodiversity or animal well-being. 

In addition, a lack of a common sustainability criteria stresses the credibility of the whole system. 

The results indicated that food brands may measure and monitor sustainability with criteria not 

used by other actors in the value change or system, thus the actual sustainability of food brands 

and products are not comparable. 

Disinformation and confrontation inside the sector, either intentionally or not, has increased and 

disrupts the development and adoption of relevant information. The results revealed that primary 

producers experience hostile name-calling in the media for not “doing their part” in climate change 

mitigation. The negative atmosphere in which the food system now dwells was seen as a blocker 

of change, as all parties are reluctant to cooperate. In addition, lack of understanding or even 

alienation from nature were identified as blockers of change in the society and especially in relation 

to the consumers and their relationship with food.  

“Lack of enlightenment and the understanding of society are factors that slow down 

change, because these are things that modern humans have trouble understanding. How 

nature works and how biomass is produced in cooperation with nature.” P4 

The study also suggested that although new farming practices and innovations are adopted, farmers 

may not understand the holistic nature of certain carbon neutral measures, such as in regenerative 

farming. This may not be due to lack of motivation on the part of the farmer, but the challenging 
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environment in which these practitioners are trying to make a living. The profitability crisis was 

seen as a blocker for innovative thinking, as many farmers may be struggling to make ends meet 

and thus may not find motivation to implement or invest in climate-smart actions. Despair due to 

the current crisis is felt not only by primary producers, but by different stakeholders in the food 

system. 

In addition, farmers may also be employed outside the holding, which may negatively affect their 

willingness to implement or invest in new technology or on-field practices. Furthermore, 

challenges are identified in sustainable maintenance of rented farmland. The motivation for upkeep 

of the field as well as soil improvement were questioned, as the lessee is not required to maintain 

or improve soil health through legislation. This challenge could be overcome with contracts 

between landowner and lessee stating that costs from basic improvement of soil health are divided 

between both parties. This in turn could contribute positively to carbon sequestration and 

emissions reduction. 

The last blocker of change identified was the fear of standing out. Despite the eagerness to 

implement novel practices, the fear of being stigmatized was seen to prevent changes in the field. 

Novel income possibilities may require practitioners to market and brand their business or products 

bravely, which may tighten the already volatile atmosphere inside the field. 

Inevitable large change processes 

The sixth category in the FSSF includes linear changes that can be traditional trends or globally 

recognized megatrends, slighter changes such as cyclical issues and shifts in economy, processes 

that follow path-dependence or even autopoietic processes. The common regulator of these 

changes is the challenge of influencing or terminating them (Kuosa 2010). The results indicated 

traditional trends and cyclical issues in economy related to agriculture in Finland, whilst globally 

recognized megatrends were not highlighted. Although carbon neutral agriculture operates and 

evolves in a global atmosphere, this study suggested that changes in the sector are considered at a 

local level. Thus, aspects such as path-dependence and multiplier effect were emphasized. 

Path-dependence has a strong effect on the changes and developments in the field. The age 

distribution among Finnish farmers was seen as skewed toward old age and this may affect the 

willingness to implement innovations and new practices to achieve carbon neutral agriculture. 
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However, tradition and history contribute to the passing down of farms and practices and with it 

the persistence to withstand the pressure and challenges that come along with the profession. 

Knowledge that is passed down from generation to the next may also be key when passing down 

a farm, as the complexity of the field may not attract employment from outside the field. 

The results revealed that the younger generation of farmers is perceived as more open to ideas, 

practices, and innovations than the previous generation. The information available and the 

enthusiasm to educate oneself and seek information is evident. The global market also offers 

opportunities to collect information from colleagues from around the world. This study higlighted 

that the faster the generation cycle, the faster the sector will develop, and novel practices will be 

implemented. 

“After all, there is an awful lot of path dependence in agriculture, as it is usually an 

inherited industry, where you do not buy something on account of its sensibility, but instead 

something that you are born into, and its development is in many ways challenging 

precisely because the support system somehow blocks its structure.” P1 

Despite the challenges path-dependence might cause, the knowledge and skills acquired during the 

past generations is worth conserving and utilizing. It is key to distinguish what practices to keep 

and what to replace.  

“We have a historic structure in agriculture and the income possibilities are such that we 

have been very straightforward, as is our food system as a whole. We have very little 

diversity amongst our farmers, compared to those in many other countries in the EU. So, it 

is in a way a historical burden.” P5 

The example of peatland cultivation was used as an example of multiplier effect in the sector. 

Based on the results, politics created strong expectations regarding the outlook of the sector, but 

the market for peat plummeted leaving producers facing grace financial problems. To avoid the 

same situation happening to the rest of primary producers, the results indicated that the sooner 

changes are undergone the better. 
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6.4 Do policies promote or disrupt change? 

Food systems are global networks and trends in different countries may have significant effects on 

the income possibilities of farmers in Finland. Sudden political tension or market fluctuations may 

disrupt the availability or prices of materials. International trade policy and climate policy were 

seen as both facilitators and preventers of opportunities. Ambitious targets for climate neutrality 

in the EU may result in tightening climate legislation for member states, such as the proposal of 

the climate law predicts (EIP-AGRI, 2021). 

“There is a lot of turbulence in the field and trade policy issues may have a large 

impact.” P3 

Policymakers were seen as key actors in the approval and adoption of new policies. Decision 

making is seen as the responsibility of politics, and the development of the sector cannot be left as 

a burden to the practitioners alone.  

“There is always an advocate for the status q among politicians and they are usually the 

ones that are convinced they will benefit from the situation. And as for farmers, they have 

a strong identity as food producers, and you can’t change that identity into an ecosystem 

service provider overnight.” P2 

Based on the results, policy makers lack courage in changing the support system. The support 

system offers more for the old generation of farmers than for the new, and politics is unable to 

develop the sector and direct it in a more sustainable direction. Political steering is seen as stiff 

and slow, because it aims at meeting all stakeholders' wishes.  

“Changes in political priorities is reflected in agriculture. The only way to genuinely reduce 

emissions is to reduce the emissions from agriculture. And the only way to do that is to 

intervene in production.” P1 

Although strong political decisions are called for, the results emphasized that changes in policies 

cannot negatively affect investment decisions. The payback on investments in primary production 

is long, thus policies cannot be altered radically from one CAP period to the next as they have a 

strong influence on the profitability of farmers. 
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Changing the CAP support system to one based on incentive schemes is found extremely 

challenging. The arable land market is seen as being distorted not only in Finland, but in other 

parts of the EU as well, which reflects the vastness and complexity of transforming the support 

system of the CAP. The effect of CAP is interlinked into the food systems and markets of so many 

member states, that the whole scheme is seen as an effort of trying to meet various conflicting 

needs and trade-offs, resulting in a locked entity that can only be slightly adjusted from different 

directions without causing severe conflicts between countries. The upcoming CAP period is seen 

as more environmentally friendly, concentrating on climate issues, but the interviewees did not see 

the effects revolutionizing the Finnish food system or diets. 

“The biggest driver of change in Finnish agriculture is the EU’s direct support, which 

cements our structures and raises prices.” P1 

However, the results established that despite the stiffness of the CAP, Finland is perceived to be 

in a good position in implementing and adopting climate smart measures in agriculture due to its 

position as a forerunner. Despite the strong steering effect of CAP, government targets are 

perceived as primary drivers in Finnish agriculture. Due to increasing political pressure, an 

emissions reduction target for agriculture was seen likely. 

“Finland has driven many measures before the EU, as they have been included in our own 

national policy, in the second pilar, and they are now included in the new CAP period in 

the form of eco-scheming and compulsory. I see it as Finland being a forerunner in 

agricultural policy, even though our direct support is highly criticized, but on the other 

hand as we are in a marginal area, and it is the basic income that enables taking risk and 

avoiding risk.” P4 

The support system was seen as a basic income for farmers, which automatically affects the 

requirements set in the support system. The results suggested that the requirements are indeed 

moderate as they are set on area of arable land. Thus, conflicting opinions were stated regarding 

the changes that should be seen in the upcoming CAP period and the changes that should not be 

made so as not to jeopardize the basic income of farmers. 

“If a hundred million is transferred from natural constraint payments, which are direct 

support, to these environmental actions such as cover crops and buffer zones and the 
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support falls short, and all this money is taken from direct payments, this means that 

farmers are the ones paying for it. It is not a fair transition and farmers cannot be made to 

pay, as food is a societal issue.” P4 

Utilizing inputs wisely and judiciously were not only highlighted by the participants of this study 

but is also very widely spoken of in the field. The impact of climate change and the global market 

shifts may cause significant shifts in prices and availability of raw materials. 

“In my opinion it cannot be done any other way than with inflation, so that the relative 

importance of the CAP support decreases and the one who can get the field to produce the 

most with the smallest input while taking into consideration the environments resources, is 

the winner and the one who knows how to market it so that extra income can be earned is 

the even bigger winner. This change will have happened in ten years.” P6 

Opposing opinions highlighted that the interest and goal of CAP is to eventually function as a 

system that pays for achievements instead of measures. This was seen as a possible outcome once 

all monitoring and measuring practices are in use and they can be sensibly implemented.  

“There is absurd competition and chaos in primary production. Fields should be organized 

so that the right actors are found and committed to them. And the other is that inflation will 

inevitably eat into the importance and driving effect of subsidies in our business. The most 

important factor will be that our arable land actually produces. A little harshly said, but at 

the moment, in Finland, there is a lot of cultivation of support.” P6 

However, switching to completely results-based payments (RBP) was not seen as a viable solution, 

especially as climate change may affect crop yields significantly, despite climate-smart production 

methods taken into use. For this sake, a hybrid model was suggested, where a baseline should be 

defined for yield amounts.  

“...if you produce more, then you will receive more compensation for the basic 

improvement of fields and all sorts of practices, which aim at increasing productivity and 

in this way maybe it can encourage to give up the poorly producing field blocks and use 

them for increasing biodiversity, afforestation and what else...” P3 
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The RBP model may aid in the challenge of improving soil health on rented land, as a great portion 

of arable land in Finland is under cultivation by someone other than the owner. An incentive 

scheme may aid in raising the poorly producing fields into ones that function as carbon sinks. 

“That is why we have 40% of the fields rented out and it is a big problem because they are 

not developed, their drainage is not taken care of, or the land is not improved. It is not 

worthwhile for farmers to make investments in new practices such as carbon farming, and 

this is due to these direct subsidies.” P1 

Legislation concerning carbon offsetting has thus far been loosely restricted. No consensus was 

found on whether policy instruments should be created to regulate the selling of carbon sinks in 

agriculture. Those in favor of stricter regulation have seen that this would aid in the development 

of measuring and verifying carbon stocks, whilst the counterparty was in favor of a free market 

driven income opportunity. The recent outline of the Ministry of the Environment concerning 

compensation issues was seen promising, as it did not tighten the existing legislation. 

“Let’s talks about carbon farming, farmers do know how to increase the carbon in soil or 

reduce emissions, and they are already doing so. We have two problems, that even though 

they are doing so it’s not found in the national inventory and thus it won’t be included in 

political guidance. So, the net emissions need to be verified, valuated, and then priced, 

because the CAP is just not enough as it covers only food production.” P4 

Overall, the development of market mechanisms and climate funds were seen to be necessary for 

supporting climate neutrality in agriculture. 

“CAP is not the right forum for environmental actions, because its main goal is to produce 

good quality food for the European market. So, actions that are implemented due to the 

CAP cannot be alone, there must be a climate fund and other market mechanisms to support 

it. This is how agricultural policy works.” P4 
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7. Discussion & conclusions 

7.1 Credibility, dependability and transferability 

A qualitative approach was chosen for this study to explore and understand the meanings of the 

observations in-depth (Hirsijärvi et al., 2009). In the interviews, participants were able to share 

their extensive experience and knowledge on the complex issues asked and their perspectives are 

strongly identifiable in the results. Thus, a quantitative approach would not have been successful, 

as the data is not clearly countable and measurable (Hammarberg et al. 2016). 

No consensus has been reached on the issue of trustworthiness of a qualitative study. The division 

of opinions amongst researchers begins with what concepts to use, whether the terms validity and 

reliability or credibility and dependability better prove the quality of research based on content 

analysis. I choose to refer to the trustworthiness of this thesis with the term's credibility, 

dependability and transferability (Bengtsson, 2016). 

Credibility refers to the study process, it specifies how the data and analysis procedures have been 

carried out. The data were limited to the views, expectations, and knowledge of six experts 

interviewed for this study, who work in distinct roles and organizations in the agriculture sector. 

The expertise of the participants ensures the credibility of the study, although to ensure anonymity, 

exact details of their roles and the names of their organizations have been excluded from Table 1. 

and the interview quotes in section 6. (Bengtsson, 2016).  

Creswell and Miller (2000) refer to the lens used by the researcher related to validity and credibility 

in qualitative research. The lens of the researcher is the viewpoint that is taken in the study, which 

includes not only the view of the researcher but those of the people reading and participating in 

the research. In this thesis, the lens used is heavily influenced by not only me as the researcher, 

but the commissioner of this thesis. The constructs, categories, interpretations and explanations 

have been analyzed in a continuous process to improve the credibility of the study. The second 

lens used in the study is that of the participants, in this case the interviewees, and how their realities 

are represented in the research. According to the qualitative paradigm, reality is socially 

constructed, and it is what the interviewees perceive it to be (Creswell & Miller, 2000). The futures 

studies perspective of this thesis makes this representation of reality challenging, as we are 
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investigating the reality of what we do not yet know. In addition, human decision-making 

influences futures study, so the lens of the participants in the interviews are in a sense corrupt in 

seeing the future as a desirable reality (Mannermaa, 2013). 

The dependability of a qualitative study refers to the stability of the data and the alterations made 

in the researchers' decisions during the analysis. Dependability has been ensured by strict coding 

decisions and the accurate tracking of the changes made in them. Theory-driven content analysis 

provides the study with a clear structure, although a data-driven approach could have provided 

data from a broader scope. Hsieh & Shannon (2005) argue, that in a theory-driven approach 

researchers might be prone to find evidence that supports the theory rather than opposes it. 

However, the theory-driven nature of the analysis defines the coding categories, which increases 

the dependability of how the data is classified (Tuomi & Sarajärvi, 2018). The semi-structured 

theme interviews supported the theory-driven content analysis approach, as the themes provided a 

backbone for the interviews without preventing free flowing conversation. 

Transferability refers to the applicability of the results to other settings or groups as well as the 

number of subjects in the study. The transferability is linked to the generalizability of the study, 

and in this study the aim is not to produce generalizable results, but to provide insight on what this 

group of experts say about the future of agriculture (Bengtsson, 2016). According to Kamppinen 

et al. (2003), argumentation is best promoted by avoiding fallacies, which generalization would be 

in the case of this study. The limited sample size weakens the transferability of this research, but 

this risk was taken intentionally. 

7.2 Evaluation of results  

The findings of this study indicate that various weak signals of potential sources of income for 

farmers in the future are evident. The interviewees identify completely novel ideas as well as 

emerging issues, but views vary on the scalability and certainty of these possibilities. Pushing 

drivers, such as climate change, impact food systems both environmentally and economically 

(Malhi et al. 2021). Pulling drivers operate within the current regime of agriculture, but they 

encourage changes to happen in the sector. Disruptive trends and deficiencies in present day 

agriculture may prevent changes from happening, whilst history and path-dependence keep 

shaping the sector without outside influence. Agricultural policy changes attempt to facilitate 
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carbon neutral agriculture, but the stagnant basic structure of the policy has both facilitating and 

preventing effects on potential sources of income for farmers.  

The relevant weak signals identified in this study include innovations, the formation of premium 

markets, the adoption of paludiculture, novel and existing market mechanisms for carbon neutral 

practices, the substitution of materials and energy in production, digitalization, the increasing 

requirements for producers by food industry and consumers, and lastly, strengthened cooperation 

between actors in agriculture. The complete list of identified weak signals can be found in Table 

2 in section 6.  

Innovations, premium markets and market mechanisms are all possibilities that allow producers to 

engage in a more active role in the food systems. These possibilities may allow them to negotiate 

pricing and to choose where extra income is gained from. An interesting innovation that emerged 

as a weak signal is the mainstreaming of cultured meat. This innovation may affect farmers’ 

income indirectly, since commercial-scale cultured meat could substitute the lowest priced meat. 

This may also increase the demand for high-quality meat, resulting in a rise in meat prices and 

allowing producers to decrease animal stocks. However, previous studies have argued that this 

possibility may not provide farmers with realistic aid in the challenges we are facing during this 

decade (Tuomisto, 2019).  

It is recognized that a market for climate-smart products may realistically develop within the next 

few years. This development may enable farmers to choose whether to invest their carbon sinks in 

the carbon market or to receive a higher price from the food industry for certified climate-smart 

products. Consequently, competition between the food industry and carbon markets may increase. 

However, climate-smart products would have to be priced clearly higher than conventional food 

products to incentivize farmers in adopting sustainable farming practices. Various actors in food 

systems value chains target carbon neutrality or other positive environmental impacts, thus a pull 

for higher priced climate-smart products is realistic. A blocker of change may turn out to be the 

unwillingness of consumers to pay extra for these products, as the climate-smart consumers are 

seen as a very niche group of consumers and their influence on the overall demand of products is 

not significant.  

This study did not intend to find distinct solutions for different branches and production lines in 

agriculture. However, due to the publicity the high taxation of energy peat has received in the 
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Finnish media, I found it necessary to include the innovations identified for peatland cultivation 

as weak signals of their own (Aro et al. 2021). Paludiculture is well known, but this practice is 

novel in Finland and research is yet to prove whether it becomes a practice worth implementing in 

our climate and soils. Given the evidence, paludiculture may provide new innovative products for 

several industries, making the practice a viable option for farmers struggling with poorly producing 

peatlands. Facilitating sustainable peat land production and paludiculture is politically attractive, 

but the CAP reform will eventually reveal whether incentives are integrated for these practices in 

addition to the tightening regulation (Aro et al., 2021).  

One of the new market mechanisms identified is the first ever fund for regenerative farming in 

Finland, launched in December 2021. This option offers an alternative income possibility for 

farmers, which may compete with the popularity of carbon offsetting. However, this wild card was 

discussed in only one of the interviews, which suggests that better awareness of this option is 

needed to make further conclusions. Research on financing regenerative agriculture can be found 

globally and further research could examine the impact of funds on farmers' income 

(Mphambukeli, 2021). In addition to funds, the pricing of products from paludiculture and 

ecosystem services were named among others as new market mechanisms that may arise in the 

future. The pricing of regenerative agriculture, ecosystem services, GHG emissions reductions 

(e.g., biogas), paludiculture or sustainable peatland production as well as agroforestry may provide 

the next wave of possibilities in trading credits for farmers.  

An existing market mechanism, equally emphasized in the study, is carbon offsetting. Although, 

the results reveal that the verification of carbon stocks is seen as controversial, expectations 

towards carbon markets in the future are strong. Legislation for carbon markets has been limited 

so far, and views of the interviewees vary on whether stronger political guidance is needed. 

Currently, the national inventory does not include a substantial list of carbon trading products, 

which allows the voluntary market to utilize and launch new products (Laine et al., 2021). In 

addition, legislation regarding the pricing of trading products is loose, allowing and encouraging 

these market mechanisms to grow and take foothold. Furthermore, the development of technology 

may increase the reliability of carbon markets and the results indicate that modeling, utilizing 

satellite data, and measuring carbon from gases will be developed further by the end of this decade. 

Expectations for the development of technologies overall are high, as current technologies are seen 
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to be insufficient in providing credible information. In addition, these developments are seen as 

crucial in overcoming challenges of disinformation and confrontation inside the field. 

Hydrogen and biogas are identified as sources for the substitution of materials and energy in 

production. Views on the potential of hydrogen vary among participants in this study. Based on 

the results, utilizing agricultural waste in the production of hydrogen or reducing emissions by 

hydrogen powered farm machinery was seen very distant and most unlikely. The next eight years 

may not be sufficient for hydrogen to become accessible. However, a previous study suggests that 

a demand for hydrogen production from agricultural waste is evident, which indicates that the 

weak signal of hydrogen as a potential source of income in Finnish agriculture could be worth 

researching further (Karaeva, 2021). 

Despite the doubts related to the substitution of fossil fuels with hydrogen, existing sources such 

as biogas are seen as significant possibilities in reducing emissions from agriculture as well as 

utilizing various sources of raw materials in the production process. As is presented above, new 

market mechanisms may well target emissions reductions from decreasing GHG emissions, which 

may pave way for profitable biogas plant investments. Biogas production from numerous raw 

materials, such as crops from peatland production, combines the benefits of GHG emissions 

reduction in production and renewable energy production. Regulations aimed at avoiding double 

counting are seen to prevent the adoption of renewable energy production and utilizing raw 

materials from agriculture in energy production. Given the evidence, it can be concluded that the 

policy on avoiding double counting requires assessing and all stakeholders should be taken into 

consideration to ensure equal distribution of benefits in emissions reductions. According to Laine 

et al. (2021), compensation units used to commonly claim carbon neutrality should be added to 

the national inventory.  

As was mentioned in the context of carbon markets, technology and digitalization of agriculture 

and its by-products may bring several opportunities, of which precision agriculture, vertical 

farming and robotics were recognized in the results. These may offer valid opportunities to expand 

operations on farms without having to invest in additional farmland. Advances in technology will 

inevitably increase the pull towards sustainable food systems , as it will offer resource efficiency, 

transparency, and credibility. De Clercq et al. (2018) argue that governments should take 
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responsibility in promoting collaboration between businesses and the research community to 

enable faster development and advances in scientific solutions. 

Increasing sustainability requirements in the food industry and by consumers is an observation that 

can be placed under weak signals as well as considered a pulling driver of change. Stakeholder 

demands may have both positive and negative influence on primary production. The positive 

impact may encourage producers to stand out from the crowd with innovative ideas. However, 

despite many farmers having started to brand their farms and products, most practitioners still 

consider themselves simply as food producers and the fear of being stigmatized in the community 

may prevent them from implementing bold ideas. Increasing sustainability requirements of food 

products also emphasizes the differences between sustainability criterion for foods amongst food 

brands. Producers must match the requirements of various actors, which weakens the credibility 

of sustainably produced foods. Furthermore, current sustainability criterion may emphasize merely 

one aspect of sustainability, such as the carbon footprint, excluding producers and products that 

may have positive environmental impact on e.g. biodiversity or deforestation.   

The influence of consumers on the sustainability of food production is highly debated by the 

participants of the study. Niche consumer segments rarely influence primary production, or they 

may have a slight effect if producers are incentivized to produce value-added products such as 

climate smart products. However, consumers may influence the structure and the supply of 

products in carbon markets significantly. Even though only a small group of consumers is seen to 

favor sustainability over price in food products, overall consumers were seen as more conscious 

of green washing now than half a decade ago. Thus, producers and food industry are required to 

provide stricter reporting and transparency data.  

Overall, increased cooperation between actors in food systems is needed in achieving carbon 

neutral agriculture (De Clercq et al., 2018). Although agroecology and community-supported 

agriculture are established concepts, this study emphasizes that with a deeper network between the 

stakeholders in the food system, costs could decrease and sustainability increase, resulting in 

economic stability for farmers. For example, a broad network of agroecology can ideally bring 

both economic and environmental benefits to farmers. Sharing knowledge on climate change 

adaptation and mitigation measures is invaluable within the sector as well as across industries, 
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causing a strong pull for action. On a global scale, sharing best practices across national borders 

may also aid in addressing challenges in food security (Maraseni et al., 2021). 

The slow reform of agricultural policy encourages a “business as usual” approach in the agriculture 

sector. The participants of the study are unanimous that changing the current policy system to one 

based on results-based payments is extremely challenging, especially in Finland, where the role of 

subsidies in income generation is emphasized (Niemi & Niskanen, 2021). Thus, the question of 

whether RBP would aid in increasing profitability is controversial (Tauriainen, 2021).   

Moreover, the basic structure of the CAP is seen as a compromise of the necessities and desires of 

numerous countries. However, Finland is considered a forerunner in implementing and adopting 

measures for carbon neutral agriculture, thus the shift from compliance to a performance-oriented 

set of indicators in the upcoming CAP period may encourage Finnish farmers to strive for carbon 

neutral agriculture (Kowalczewski et al., 2021). The results indicate that a hybrid model of the 

CAP should be implemented, because it could aid in utilizing poorly producing fields as well as 

incentivizing the increase of carbon sinks. In light of Finland’s aim to achieve carbon neutrality 

by 2035, the CAP structure is seen as preventing farmers from reaching the greatest potential in 

carbon sequestration and emissions reduction in agriculture (Laine et al., 2021).  

Overall, policy instruments have a major influence on Finnish farmers’ income and willingness to 

adopt new practices. The results indicate that due to the demographic trend of farmers, policy 

makers lack courage in making radical changes to the support system, favoring the stiff structure 

of current policies over desperately needed transformation. Thus, it can be concluded that 

policymakers have a key role in the adoption and implementation of new policies and the 

practitioners must not be left alone with the burden of deciding which direction to take. 

7.3 Conclusions  

Climate change and profitability challenges continue to affect the livelihoods of Finnish farmers. 

Together with the ongoing reform of the CAP and tightening requirements and demands from food 

industry and consumers, novel income solutions for carbon neutral agriculture are needed. This 

study aims at providing valuable market insight for Envitecpolis Oy on the potential sources of 

income for Finnish farmers in carbon neutral agriculture by 2030. This study does not focus on 

whether carbon neutrality is achievable in agriculture at present or in the future. Instead it indicates 
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measures in agriculture that aim for carbon sequestration or carbon emissions reductions, which 

may possibly result in carbon neutrality. Using the future signals sense-making framework (FSSF) 

by Kuosa (2010), the aim is to identify existing and emerging weak signals, drivers, and trends. In 

addition, policy instruments are investigated to identify whether they facilitate or prevent change 

in agriculture. 

As expected, weak signals for potential sources of income can be detected, but based on this study, 

the wider adoption of the most novel possibilities by 2030 remains uncertain. The weak signals of 

emerging or existing opportunities are more likely to become mainstream in the future. The spread 

of both the novel and the existing opportunities is highly dependent on technological advances as 

well as the balance of supply and demand in food systems. It is evident that despite the urge to 

shift the sector to a more sustainable and profitable direction, the path-dependence of actors in it 

as well as the stiffness of politics does not ease this transition. Based on the results, a profound 

crisis is needed, one that disrupts the functioning of current food systems and thus provides space 

for changes.  

The detected possibilities do, however, offer knowledge on the issues that are seen as most relevant 

in the agriculture of the future. Knowledge on sustainable agriculture and adapting to climate 

change will inevitably strengthen the pull for transformation. This study may be utilized for 

strategic planning by farmers and their stakeholders and, moreover, it may offer a realistic vision 

of whether extra income can be achieved from carbon neutral agriculture. 

This study lays the foundation for research on income possibilities in carbon neutral agriculture. 

Nonetheless, further research is needed on the cost-effectiveness of mitigation measures in 

agriculture. In addition, the current outlook on the economic situation of farmers is not in the scope 

of this study but is a subject that requires further research.  A natural continuum for this study 

would be a follow-up on the sources of income for farmers in 2030. 
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Appendix 

Question sheet for semi-structured theme interviews 

 

Background questions  

1. Organization 

2. Role in the organization 
3. Area of operation  
4. Background and experience 

Foreword 

The theoretical framework used in this study, the Future signals sense-making framework 

(FSSF), works as the template for this interview. 

This study investigates the potential sources of income for farmers in carbon neutral agriculture 

in 2030. The interview is divided into three main themes, the weak signals, drivers, and trends. 

Weak signals  

5. What potential sources of income are available in carbon sequestration in agriculture?  

6. What potential sources of income are available in reducing carbon emissions in 

agriculture?  
7. What role does carbon offsetting play in agriculture? What possibilities does it bring to 

agriculture? 
8. What other practices or technologies are in use (by 2030) of which we can now see weak 

signals of? 
9. What does the agricultural sector look like in the future? 

Drivers 

10. What are the pushing drivers for change in agriculture (in different markets such as 

Finland, the European Union and the US)? 
11.  What are the pulling drivers for change in agriculture (in different markets such as 

Finland, the European Union and the US)? 

Trends 

12. Which factors slow down change in the agriculture sector? 

13. What large change processes can be identified in the sector? 
14. What kind of multiplier effects do food industry and consumers have on primary 

production? 
15. How does path-dependence influence the changes of the sector? How does path-

dependence of consumers affect primary production? 
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Definitions:  

Multiplier Effect: the 'snowballing' of economic activity. e.g. If new jobs are created, people who 

take them have money to spend in the shops, which means that more shop workers are needed. 

Path dependence: when the decisions presented to people are dependent on previous decisions or 

experiences made in the past. 
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