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Considerable efforts have been devoted to understanding and developing technologies and practices that 

can help the agricultural sector reduce its greenhouse gas emissions and adapt to the impacts of climate 

change. The uptake of these “climate-friendly” technologies and practices, however, remains low. This 

report, based on a comprehensive review of the literature, analyses barriers that may prevent farmers 

from adopting climate-friendly practices. A multitude of potential barriers exist, some associated with 

farm-level constraints, others operating at the sector level, or created by existing policies. A series of 

recommendations are made to properly identify these types of barriers and to select the right 

instruments that would work to implement effective policy solutions. 
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Executive Summary 

Climate change poses a dual challenge for agriculture, as the sector produces greenhouse gas 

(GHG) emissions and is also vulnerable to the effects of a changing climate. Considerable research 

efforts have been devoted to understanding and developing effective technologies and practices that can 

reduce the sector’s GHG emissions, leading to an expanding range of viable options. Similarly, 

agriculture in many countries has developed a significant capacity to use a range of measures to adapt to 

the impacts of climate change.  

However, the adoption of these mitigation and adaptation measures, practices and technologies 

(hereafter defined as “climate-friendly”) lags behind the research, even though farmers must be taking 

action now so as to limit the impacts of climate change. Identifying the reasons behind the limited 

adoption of climate-friendly practices is essential to understand and address this gap. This activity is an 

important precursor to designing or restructuring policies to stimulate climate-friendly behaviour.  

This report analyses the potential barriers to the adoption of climate-friendly practices, ranging 

from barriers at the farm level through to the national level. This analysis is based on a comprehensive 

review of the literature. It explores how measures to reduce emissions (mitigation) and those supporting 

adaptation to the impacts of climate change have different drivers, and how they can face different 

barriers to adoption. The review of barriers focuses on measures for which the costs of adoption would 

not be prohibitive, although some may have a positive net cost to farmers but a societal net benefit.  

In general, barriers to actions that mitigate GHG emissions are more difficult to overcome, as 

farmers have fewer intrinsic incentives to act when they do not see direct private benefits. Although 

adaptation measures enhance the benefits to farmers, removing certain barriers may enhance their 

adoption of climate-friendly measures. 

A number of findings emerge from this review. First, governments should identify and tackle 

the existing barriers before designing and implementing new policy measures. Overcoming existing 

barriers early on increases the likelihood that the policy successfully achieves its aim or at least ensures 

that new barriers are not created. Many of the barriers identified in the literature are linked to whether 

the measures’ benefits are a private or public good; if farmers are unable to identify any benefits to 

changing their practices, they will be reluctant to adopt the measures without a policy imperative. 

Barriers that stem from farmers’ values and attitudes towards the environment and climate change may 

call for additional engagement.  

Second, a multitude of potential barriers exist that may prevent farmers from adopting 

climate-friendly practices. While their relative importance will vary depending upon specific 

circumstances – including socio-economic characteristics, farming systems, bio-physical conditions, 

existing infrastructure, regulations and institutions – barriers are evaluated and prioritised in this report 

based on their reported strength and the degree of agreement they gather in the reviewed literature. 

 Barriers relating to the actual or perceived effects on performance, as well as information and 
awareness involved in climate change decision-making and risk management, play a primary 

role in decisions regarding the adoption of climate-friendly measures. Also identified as a high 

priority is the role of climate and environmental policy in either incentivising action or in 

creating new barriers. 
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 A relatively less important role is attributed to barriers relating to the cost of adoption, hidden 

and transaction costs, social and cultural factors, the perception of carbon leakage, and access to 

credit and the misaligned policies. These factors should also be considered as priority areas for 

government action unless contradictory evidence is found in the relevant context. 

 A third type of barrier may be important to consider, but is highly dependent on practices and 

local context: this includes land tenure and the availability and access to infrastructure and 

complementary inputs (such as irrigation water). Their importance will vary depending on a 

country’s property rights structures; they may play a relatively smaller role than some of the 

other barriers found in OECD countries.  

 Other barriers, such as those associated with behavioural and cognitive factors, are identified 

with low or moderate supporting evidence, and are found to be relatively less important overall. 

Third, several of the identified barriers are created by existing policies: first, through 

misaligned policies targeting other aims, such as input subsidies designed to support production in 

marginal areas; second, by creating resentment and stress among farmers regarding their ability to meet 

the regulations; and third, by exacerbating existing financial vulnerabilities that weaken farmers’ 

adaptive capacities. The first barrier can be addressed through policy reform and ensuring policy 

coherence. The second and third may be avoided with effective planning.  

This analysis highlights two main approaches to removing barriers that can be adapted to 

different circumstances: first, the revision of policies that impede the objectives of climate-friendly 

agriculture and, secondly, the introduction of targeted initiatives that could directly help remove the 

identified key barriers.  

The preferred combination of measures to overcome barriers is likely to vary by country:  

 A combination of “soft” approaches (such as field demonstrations and collaboration between 

farmers) possibly in conjunction with ‘harder’ measures (such as measures involving 

infrastructure, like irrigation or increased housing for livestock) will likely be more 

successful than simply imposing a regulation at the outset.  

 In countries where agriculture produces a large proportion of GHG emissions, the sector is 

likely to require adjustments such as changes to the choice of product, the location of 

production or the farming system used. In this case, governments should provide educational 

programmes that enhance the sector’s knowledge of the benefits of climate-friendly measures 

- with the goal of changing both values and entrenched behaviours. To do so they should 

engage with relevant stakeholders to jointly assess required changes, identify possible ways 

to do so and select the policy measures that would send appropriate signals.  

 Governments of countries where agricultural emissions make up a lower proportion of the 

country’s GHG emissions, and where incremental changes may be sufficient to achieve some 

emissions reductions, should strive to remove existing policy barriers and to provide 

information and incentives for agricultural producers to take action as appropriate. 
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1. The imperative to make agriculture more “climate-friendly” 

The agricultural sector contributes to climate change through the emission of greenhouse gases 

(GHGs) and is vulnerable to climate change due to its dependence on climate-sensitive natural resources 

(Howden et al., 2007). Agriculture directly accounts for 10-12% of total GHG emissions (LULUCF and 

CO2 emissions excluded) (Smith et al., 2007a). It is also projected to be particularly exposed to future 

climate change (Porter et al., 2014); in the absence of adaptation, it is projected to be the second most 

economically damaged sector from climate change (OECD, 2015c).  

The extent to which the agricultural sector can continue to feed a growing global population 

sustainably will largely be determined by its ability to adapt to climate change. This will require 

significant changes throughout the sector, which should start with agricultural production systems. 

Agricultural activities may need to change in some regions, while agricultural practices will generally 

need to adapt to these new constraints in most regions, supported by innovation and agricultural 

knowledge. 

However, agriculture, particularly in developed countries, presents a conflicting picture with regard 

to innovation and adaptation. On the one hand, it can be described as highly adaptable and resilient, 

historically responding to a myriad of factors including market prices, consumer demand as well as 

changing weather, where “adaptation is the norm rather than the exception” (Rosenzweig and Tubiello 

2007, p. 860). On the other hand, agriculture is seen as being very resistant to change, constrained by 

tradition, support policies, and social and behavioural factors, constraining responses to major changes 

in paradigm. 

Recent analyses suggest that agriculture is not fulfilling its total GHG mitigation
1
 potential. 

Although agricultural GHG emissions from OECD countries have declined over the past 20 years 

(OECD, 2013), agriculture mitigation efforts are needed at the global level and stronger efforts are 

required for agriculture to reduce the sector’s contribution to climate change. As emissions reductions in 

the sector are particularly complex due to the biological nature of the GHG emitting systems, a large 

and growing range of mitigation options has been identified (see Smith et al., 2008). Moving beyond the 

technical feasibility of mitigating emissions, studies have analysed the marginal abatement costs 

associated with each measure, and used their results to draw marginal abatement cost curves (MACC), 

representing the cost of each measure reducing an additional unit of carbon equivalent GHG emission 

(Moran et al., 2011; Smith et al., 2007b; Pellerin et al., 2013; De Cara and Jayet, 2011; Schulte et al., 

2012; MacLeod et al., 2015; Sánchez et al., 2016). These analyses show that some mitigation measures 

may actually generate economic gains for the adopting farmer via a cost reduction (win-win), while 

others can be implemented at very little cost. Yet, many of these low or “negative” cost measures are 

not being adopted, contributing to the observed gap between technically possible and probable 

emissions reductions (Anastasiadis et al., 2012).  

Similarly, there is a relatively low uptake of economically viable adaptation options in 

agriculture. Adaptation options are wide-ranging, from incremental changes in management in current 

systems, to long-term structural and transformative changes in the farm as well as the sector as a whole, 

with a growing body of research identifying options and their effectiveness (Iglesias et al., 2007; 

Renaudeau et al., 2012; Hoving et al., 2014). Yet agriculture in many regions may face an “adaptation 

deficit”, or inadequate adaptation to the current climate conditions (Noble et al., 2014).
 2

 Some adaptive 

measures, known to be beneficial for the sector’s resilience to climate change, are not being adopted by 

farmers for a number of reasons. For instance, information gaps may prevent farmers from adopting a 

larger number of practices that encourage resilience; financial constraints may prevent farmers in a 

                                                      
1.  Mitigation refers to the reduction or removal of GHGs in the atmosphere. 

2. This concept can be understood when considering the counterfactual; if there were no ‘adaptation 

deficit’ there would be no agricultural losses resulting from climate events currently or in the future. 
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number of regions to invest in irrigation or cooling system for livestock; while misaligned incentives 

may encourage farmers to avoid adopting suitable crop varieties. Autonomous adaptation appears to be 

insufficient in response to projected climate change, prompting the increased need for public policies 

(Ignaciuk, 2015). 

In order to achieve sufficiently significant emissions reductions and to adapt to the more severe 

impacts of climate change, it may be necessary to move beyond incremental changes in agricultural 

production systems (Marshall et al., 2012; Park et al., 2012; Kates et al., 2012). Adaptation, in 

particular, is much more than a series of discrete technical measures taken in response to specific 

climate impacts; rather, it is a continual process of reassessment and change implementation by farmers. 

Similarly GHG mitigation could evolve from marginal changes in practices, towards systemic changes 

for low carbon agriculture activities.  

Effectively meeting the challenge of climate change will require identifying and overcoming the 

main potential barriers to the adoption of climate-friendly technologies and practices by the 

agricultural sector. This report aims to serve that purpose, using a comprehensive review of the 

literature that covered 114 articles and reports. Barriers in this report refer to obstacles that impede the 

adoption of desirable practices, and make adaptation and mitigation less efficient or effective, and may 

lead to missed opportunities or generate subsequent higher costs. Other barriers may hinder the 

implementation of relevant policy, but the primary aim of the report is to examine barriers to the 

adoption of climate friendly practices. The term “climate-friendly” refers to measures and practices that 

aim primarily to either reduce emissions of GHGs from agricultural practices into the atmosphere, or to 

adapt to the impacts of climate change affecting the agricultural sector, either now or into the future. 

This includes measures that may achieve both mitigation and adaptation simultaneously as well as those 

that may trade off one of these aims against the other, as well as measures that may potentially have a 

negative impact on production in the short term.
3
 The review of barriers focuses on measures that would 

be cost-effective to implement; i.e. for which the costs of adoption would not be prohibitive, although 

some may have a positive net cost to farmers but a societal net benefit.
4
 

The report identifies a multitude of possible barriers that prevent farmers from adopting climate-

friendly measures, ranging from bio-physical constraints to cognitive and behavioural barriers at the 

farm level, through social and cultural factors to complex institutional constraints. The report also 

discusses the role for policy in addressing these barriers, and proposes to prioritise policies according to 

the strength and agreement of evidence in the literature. Policies themselves may generate barriers to the 

adoption of climate-friendly practices, while remaining inefficient at achieving their primary aims.
5
 

These types of policies should be identified and subject to reforms. Many of the barriers could be 

removed, or at least reduced, through the use of targeted and nuanced policy, including through the 

appropriate framing and dissemination of knowledge. A common finding throughout the literature is 

that there is a wide heterogeneity in farmers, and a corresponding diversity of drivers, beliefs and 

actions. This has important implications for policy as there is no single solution. Local conditions, 

whether biophysical or cultural, cannot be ignored.  

The analysis focuses predominantly on evidence from OECD countries, but where relevant, also 

includes studies from non-OECD countries. The primary sources of literature are peer-reviewed 

                                                      
3. It should be noted that whilst the term ‘climate friendly’ is relatively new, many of the associated 

measures and practices have long been part of traditional farm practices in many parts of the world 

(Richards et al., 2014). 

4. Practices with high costs of implementation are not explicitly dealt within this report. For those, 

obviously, the cost of adoption is a main barrier.   

5.  Agricultural policies in many countries aim to ensure stable and sustainable food production and a 

good standard of living for the agricultural community. Recent policies, however, include more and 

more environmental and climate objectives (OECD, 2016a and 2016b). 

http://www2.oecd.org/oecdinfo/info.aspx?app=OLIScoteEN&Ref=COM/TAD/CA/ENV/EPOC(2016)6/REV1
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academic studies, published reports and, where appropriate, grey literature.
6
 Because this specific area 

of research is relatively new, this report also draws on related literature that does not specifically focus 

on climate-friendly practices. The review aims to identify the predominant barriers; it does not claim 

nor attempt to draw from an exhaustive list.  

This report builds on previous work, including (OECD, 2012), which reviewed the literature on 

farmer behaviour and management practices in relation to mitigation and adaptation to climate change. 

The present study differs from OECD (2012) in that it focuses not only on behavioural practices, but 

also considers other barriers to adoption, including those beyond the farm level.  

Section 2 highlights the drivers for the adoption of new technologies and practices, drawing on the 

innovation-adoption literature. Section 3 then reviews identified barriers to the adoption of climate-

friendly agriculture, focusing first on farm-level barriers before moving to national and policy level 

barriers. Section 4 examines how policies can help overcome these barriers. 

2. Different drivers behind the adoption of adaptation and mitigation measures 

The literature on innovation adoption recognises that not all the potential users immediately adopt 

new technologies or practices that have superior characteristics compared to their predecessors 

(Diederen et al., 2003). This observation has led to a vast literature attempting to explain the reasons or 

factors explaining such non-adoption (overviews can be seen in Griliches, 1957; Stoneman, 1983; 

Thirtle and Ruttan, 1987; Karshenas and Stoneman, 1995; Geroski, 2000; Sunding and Zilberman, 

2001). Analysing the barriers to innovation or changes in agricultural practices requires a good 

understanding of the key drivers to adoption. Box 1 describes theories around the adoption of 

innovation.  

Decisions about whether to adopt adaptation and mitigation measures differ both from each other 

and from other innovation decisions. Although adaptation and mitigation are often considered together 

as part of “climate-friendly” measures, in practice they have very different drivers and benefit 

distributions. In particular, farmers are likely to be more open to adopting adaptation measures than 

mitigation measures (Arbuckle et al, 2015). The drivers behind adaptation and mitigation are set out in 

Table 1 according to how they relate to the three key drivers of the induced innovation literature 

(Box 1). As a consequence of these different drivers, the barriers to the adoption of adaptation and 

mitigation strategies will also differ. Potential barriers that hinder the adoption of climate-friendly 

practices in agriculture are discussed in the following section. 

Unlike more traditional agriculture innovation, the primary aim of climate-friendly techniques is 

not to achieve immediate superior financial performance (for example through increasing yield or 

decreasing costs), although this may occur in some cases. Rather, it focuses on long term resilience 

(adaptation) and reducing negative externalities (mitigation). 

In this respect, the adoption of climate-friendly practices share similarities with adoption of 

environmental measures. Farmers often perceive climate measures as an additional element to 

environmental measures; i.e. measures that do not necessarily increase the productivity in the short term 

and are associated with costs (both monetary and non-monetary). As such, barriers to the adoption of 

conservation agriculture or conservation management practices are likely to be important. Beginning 

with Gasson (1973)’s pioneering study, a raft of studies have established that farmers’ goals and values 

are complex and simple profit maximising assumptions are not sufficient in explaining their behaviour 

(Defra, 2006, as cited in OECD, 2012). This complexity means that there is no simple formula to 

explain which factors will be most important in a given case, and that understanding local conditions is 

key (Knowler and Bradshaw, 2007).  

                                                      
6. References used in this draft report were publications available in English; relevant studies in other 

languages could be added (if translation is possible).  
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Box 1. Induced-innovation: Insights from the economic literature 

Hayami and Ruttan (1985) developed a theory of induced innovations that closely linked the emergence of 
innovations with economic conditions. In particular they highlight the role of scarcity, economic opportunities, and 
the imposition of environmental regulations in driving innovation. Other authors have supported this hypothesis; 
Sunding and Zilberman (2001) developed it further by noting that technical feasibility, new scientific knowledge, 
and the right institutional and policy setup were necessary conditions for innovations to be developed and 
adopted. These concepts can be used to consider the case of climate-friendly innovations. 

First, regulation is linked with the development of environment-friendly innovations (Sunding and 
Zilberman, 2001). In the context of agriculture and climate change, very little enforced regulation exists regarding 
either mitigation or adaptation measures in agriculture. Regulation regarding adaptation in all sectors is 
necessarily broad and generally refers to the “mainstreaming” of adaptation across existing policies. Most OECD 
countries have introduced legislation and commitments to reduce GHG emissions, but agriculture is generally 
excluded due to the many complexities associated with monitoring, reporting and validating (MRV) emissions in 
the large number of small businesses based on biological systems. The possibility of inclusion remains however 
and in some countries this may even be sufficient to promote voluntary action (Renwick and Wreford, 2011). At 
the same time, mitigation of agriculture GHG can also be induced by broader mitigation policies. 

The scarcity component of the induced innovation hypothesis could be extended to include ‘pressure’ 
resulting from climatic changes. In the original conceptualisation, scarcity referred to scarcity of a factor of 
production (for example land or labour), and an increase in scarcity of this factor induced innovations in 
technology to save on the use of that factor. Replacing scarcity with the term pressure captures more of the 
drivers of adaptation to climate change: while the land available for production may not change or become 
scarcer necessarily, it may become less suitable for current production. Pressure in this sense is a key driver for 
adaptation: the need to change practices in response to actual changes in conditions either now or expected 
future changes. An agricultural system’s adaptation to climate change is fundamentally hindered by, and 
vulnerable to, the most limiting factor within the system (Niles et al., 2015). Scarcity or pressure may be less of a 
driver with regard to mitigation, with perhaps the exception of potential increased fuel costs driving reduced fuel 
consumption. It may be possible for scarcity to simultaneously trigger mitigation and adaptation, for example in 
the case of groundwater abstraction where increased energy costs would increase the cost of pumping 
groundwater, potentially leading to both lower levels of energy use and groundwater abstraction.  

In terms of economic opportunities, adaptation and mitigation also differ considerably, notably with regard 
to where the benefits accrue. The primary benefit of mitigation is reduced GHG emissions, which become global 
public benefits, whereas the benefits of adaptation are much more local and usually private. Mitigation can also 
generate local private benefits if one considers the wider indirect or ancillary benefits of mitigation actions (for 
example improved water quality, reduced soil erosion as a result of soil sequestration, or more efficient use of 
inputs, see Smith et al., 2007b). The costs in both cases are generally borne privately. The timing of the effect 
may also vary, again in the direct benefit of GHG reduction will only be seen in the future (in terms of avoided 
global warming), but the indirect benefits will be experienced immediately. With regard to adaptation measures, 
some benefits will be experienced in the current climate but others will only accrue when the climate changes in 
future. Both mitigation and adaptation measures are associated with uncertainty: in the case of mitigation the 
benefit of the action is dependent on global action to reduce emissions, and in the case of adaptation there is 
usually high uncertainty relating to the projected changes in climate. 

All of these factors contribute to the decisions that farmers and others make regarding the adoption of 
climate-friendly measures in agriculture, and illustrate the differences between adaptation and mitigation as well 
as the differences between these measures and existing “conservation” or innovation measures in agriculture.  

Source: Hayami and Ruttan (1985); Renwick and Wreford (2011); Smith et al. (2007b); Sunding and Zilberman 
(2001). 
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Table 1. Adaptation and mitigation have different drivers 

Driver Adaptation Mitigation 

Regulation  No direct policy but influenced 
by other policies 

Regulations exist but are not enforced in agriculture. 

Potential inclusion in regulation may provide some motivation for 
action. 

Influenced by other policies. 

Scarcity or ’pressure’ Yes  
Not significant – (perhaps fuel use, use of certain mineral 
fertilisers). 

Economic 
opportunities 

Benefits Most accrue privately (local) Direct benefits accrue publically (global). 

Indirect/ancillary benefits may accrue privately (local). 

Costs Private (usually) Private. 

Timing Many immediate 

Some future
1
 

Direct benefits future. 

Indirect/ancillary benefits immediate. 

Certainty 
of effect 

High uncertainty (around 
future climate) 

Direct benefits depend on global action so uncertain. 

Permanence of measures uncertain. 

Indirect/ancillary benefits have greater certainty. 

Note: 1. In the case of agricultural adaptations, many decisions can be made in the short term. In other sectors, such as forestry or the 
built environment, benefits require much longer time frames to be realised. 

3. Identifying barriers that impede the adoption of climate-friendly agricultural practices  

There are a number of ways that adoption barriers can be classified. For ease of exposition, barriers 

identified in the literature are distinguished in Table 2 according to their origin: it separates barriers that 

originate from individual farmers or that are relevant at the farm level, from barriers that occur either at 

the sector level or at the national or international policy level. The distinction is made as well with 

relation to the relevance of a barrier to adaptation or mitigation. The methodology to identify relevant 

publications is described in Annex 1. 

Table 2 provides an indicative assessment of the relative importance of each barrier, based on the 

information listed in the table and complementary consultation with academic and OECD experts. The 

table identifies the volume of literature on each type of barrier, based on a systematic review carried out 

with specific search terms (e.g. “barrier”, “adoption”, “agriculture”, “climate” and “conservation”). The 

assessment of agreement in the literature is based on authors’ assessment of the evidence and arguments 

presented in the literature; the relative weight of each barrier is assessed based both on the volume of 

the literature as well as on experts’ opinion.
7
 While the literature provides the basis for this assessment, 

it is augmented by experts’ understanding of real significant factors, and an overall knowledge of 

research that may not be reflected in the systematic review. If some barriers have a high volume of 

associated literature, it does not necessarily mean that the barrier itself is significant, and vice versa. 

Barriers were deemed to be important if there was high agreement in the literature that the barrier had a 

significant effect on adoption. Cost-effectiveness of addressing the barrier was not considered in this 

assessment. It should be emphasised that it is highly challenging to compare diverse studies, sample 

sizes and approaches in this manner, so the table should be viewed as indicative only, and the 

subsequent prioritisation of barriers will vary according to specific situations.  

                                                      
7. See Appendix 1 for details.  
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Table 2. A wide diversity of barriers calls for differentiated policy responses 

High Moderate Low Mixed 

 

Type of 
barrier 

Description 

Primary focus:  
 A - adaptation, 
 M - mitigation or 
both 

Volume of 
literature 

Agreement 
in the 
literature 

Indicative 
relative weight 
of barrier 

Suggested role 
 for policy 

FARM LEVEL 

Structural 

Tenure Both Moderate Strong 
Mixed, 
depending on 
practice 

Not a policy priority 

Infrastructure and 
complementary inputs 

Both Moderate Strong 
Mixed, 
depending on 
practice 

\May consider investment in 
infrastructure 

Farm succession, age and 
structure 

Both Moderate Moderate Low Not a policy priority 

Economic 

Lack of financial benefits; 
effects on production 

M Moderate Moderate High Communication and education 

Cost of adoption Both Moderate Moderate Moderate 

May consider investment 
support for certain measures 
but evidence is mixed 

Hidden and transaction costs Both Moderate Moderate Moderate Simplification of regulation 

Access to credit Both Moderate Moderate Moderate 
Depending on underlying 
reason, public/private finance  

Social and 
Cultural 

Cultural capital M Moderate Strong Moderate 
Communication and 
engagement 

Behavioural 
and cognitive 

Beliefs about climate change Both 

High 

Low Low 
Communication and 
engagement 

Perceived long time horizons, 
uncertainty and risk 
management 

Both Moderate Low 

Communication and 
engagement. 
Provide certainty where 
possible, for example 
regulatory certainty 

Competing pressures Both Low Low Not policy priority 

SECTOR AND POLICY LEVEL 

Sector level 

Effect of practices on 
production M Low Moderate High Research, communication 

Information and education 
awareness 

Both Moderate High High 
Targeted engagement policies 
and demonstration 

Industry co-operation Both Low Moderate Low National regulation 

Policy related Limited extent of climate policy M Moderate Moderate High Policy should provide regulatory 
certainty but first understand 
barriers and address them 
through communication and 
engagement 

Leakage M Low Moderate Moderate Global governance 

Reporting and administrative 
costs 

M Low Low Low International level reform of 
inventories 

Non-climate related agricultural 
policies (Input subsidies, 
production support, subsidised 
insurance) 

Both Low Low Moderate Identify policy distortions and 
work across sectors to remove 
them. Mainstream/integrate 
climate change goals across 
sectorial policies 

Note: Volume: 0-5 articles = low; 5-15 = moderate; 15+=high. Agreement, relative weight and suggested role for policy determined by 
expert opinion. 
Summary of barriers identified in the literature, with an assessment of the volume of literature, strength of evidence, relative weight, and 
the suggested role for policy to overcome a barrier. Shading indicates suggested relative importance. 
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The indicator for volume in Table 2 shows in particular that there is less literature relating to 

national level barriers, particularly with respect to the policy level. This may indicate a lack of peer-

reviewed material (evidence may exist in the form of grey literature or policy papers), or it may indicate 

a gap that should be addressed. The majority of the reviewed literature sits within the behavioural and 

cognitive barriers category, although overlaps do exist. For example, many of the behavioural and 

cognitive studies identify other barriers, such as economic or information-related ones.  

As actions to adopt adaptation and mitigation practices have different drivers, they may also be 

associated with different barriers. Many of the identified differences in barriers stem from the 

distribution of benefits, and contradictions between private adaptation benefits and the public benefits of 

mitigation. Differences between mitigation and adaptation barriers are indicated in the third column of 

Table 2.  

The importance of barriers depends very strongly on local circumstances, and each decision to 

adopt new measures will be influenced by a unique combination of factors. Individual studies have 

found that results regarding the adoption of one category of measures do not apply to other categories of 

measures (van Dijl et al., 2015). Previous meta-analyses (e.g. Knowler and Bradshaw, 2007) struggle to 

determine variables that universally explain the adoption of climate-friendly (or conservation 

agriculture) practices, and subsequent studies often contradict earlier ones (Baumgart-Getz et al. 2012). 

Efforts to promote adoption must be tailored to reflect the local conditions and the barriers themselves 

are likely to evolve over time.  

At the most basic level, biophysical constraints define the appropriate measures for both mitigation 

and adaptation. The biophysical environment the farm operates in will determine both the climate 

impacts it is exposed to as well as the appropriate adaptation and mitigation actions to be taken. Land 

capability, location, climate and environmental quality are important factors in land managers’ decisions 

(Dandy, 2012; van Dijl et al., 2015). Farm size and the dispersion of land parcels can also play an 

important role in land-management decisions (Baumgart-Getz et al., 2012; Frisvold and Deva, 2012), 

and some practices are perceived not to be efficient in small-scale farming, or conversely, larger 

enterprises may lack the agility to change practices quickly. Within a defined land structure, the type of 

activity also has a role to play in predetermining the potential to adapt or mitigate, e.g., crop-livestock 

mixed systems can be more resilient than specialised farms. At the same time, biophysical pressures 

may also present a trigger for transformative adaptation- either by mobilising farmers to shift their 

enterprise to a more suitable location, or to shift to an entirely different production system (Marshall et 

al. 2016; Park et al. 2012; Kates et al. 2012).  

The rest of the section describes in more detail the barriers to adoption of climate-friendly 

measures identified via the literature review. As per Table 2, subsection 3.1 starts with a discussion of 

the farm level barriers (structural, economic, social and cultural, and behavioural barriers). 

Subsection 3.2 then reviews barriers that exist at the national and government policy levels. Beyond a 

description of each type of barrier, this overview provides a guide to help determine which barriers 

could exist in each particular case and thus what policy approaches would be most appropriate. 

Barriers at the farm level: from structural constraints to behavioural challenges 

A number of factors can affect a farmer’s decision to adopt climate-friendly practices. Structural 

constraints can prevent action in this area; and farmers may also perceive or face significant costs 

adopting such practices. At the same time, a range of social, cultural and behavioural factors may also 

affect the farmers’ willingness to change practices. This sub-section analyses these factors in light of the 

reviewed literature. 
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Structural conditions can discourage the adoption of climate-friendly practices 

 Land tenure creates security and certainty for decision-making 

Depending on the type of measure under question, land tenure can have important implications for 

the adoption of climate friendly practices. A meta-analysis of 46 studies (Baumgart-Getz et al., 2012) 

looking at the adoption of best-management practices
8
 found tenure to be a positive indicator of 

adoption, and the findings are likely to apply to climate friendly measures as well. When farmers do not 

have long-term security in their land, they are unlikely to adopt any adaptation actions that have longer 

life-times or involve investment in the land or physical infrastructure, (Sunding and Zilberman, 2001), 

for example, planting trees, introducing natural flood management, or implementing peatland 

restoration. With regard to potential emissions trading schemes, Claassen and Morehart (2009) show 

that farmers who own rather than rent their land may be in a better position to generate carbon offsets. 

However, a number of climate-friendly practices available in agriculture do not require investments in 

the land, and other studies have not found a relationship between land tenure and adoption (van Dijl 

et al., 2015). 

 Infrastructure and complementary inputs are necessary 

Changes in practice, and the adoption of climate-friendly agriculture measures, will often require 

associated infrastructure, and an absence of these may generate a barrier to adoption for all farmers in 

a particular region. For instance, surface irrigation may be necessary to continue existing production in 

response to reduced rainfall, but this adaptation would only be feasible if both irrigation infrastructure 

(canals, reservoirs) as well as water allocations are available (Niles et al., 2015; Sánchez et al., 2016). 

Historically, increases in high yield varieties have been accompanied by an intensification of irrigation 

and fertilisation practices (Sunding and Zilberman, 2001), although in a changing climate with 

decreased water availability, irrigation may become a maladaptive practice. This notwithstanding, the 

availability of infrastructure will influence how different systems respond to climate change and adopt 

climate-friendly practices, so this must be a consideration when designing policies or incentives. 

Depending on the specific national features a barrier can also be of great importance and therefore 

become a political priority, such as in Italy. Further studies, for example in the context of irrigation 

could help demonstrate that political intervention is needed to facilitate adaptation to climate change
9
 

 Farm succession and structure, and farmer age affects decision-making 

While the literature identifying structural barriers to climate-friendly practices is limited, it is well-

known in the innovation literature that structural factors, such as farmer’s age or farm’s size, can present 

important barriers to innovation adoption (Diederen et al., 2003; Daberkow and McBride, 2003; Jones, 

1963; Karali et al., 2014; Padel, 2001; Paudel et al., 2012; Sanchez et al., 2014; Slee et al., 2006; 

Vanslembrouck et al., 2002;). An increasing number of farmers have no identified successor or 

succession plan (Fischer and Burton, 2014), which may act as a barrier to investing in adaptation or 

mitigation options that involve considerable capital or infrastructural investment. Structural problems in 

the agricultural sector such as small and fragmented farmlands as well as an ageing farmer population 

are generally considered as barriers to more efficient and sustainable land use (Davis et al., 2009; 

Giannakis and Bruggeman, 2015; Laepple and Hennessy, 2012). Older farmers are generally less 

willing to adopt new technologies and practices. While an increase in average farm sizes would 

generally lead to greater resource efficiency through economies of scale (Davis et al., 2009), younger, 

                                                      
8.  Best-management practices in agriculture generally, not specifically climate-friendly practices. 

9. Note that irrigation may not always be an appropriate adaptation, depending on the current and future 

water availability and competing users. Switching to less water-intensive production may increase the 

overall resilience of the region. 
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well-educated farmers have also been shown to be more open to adopting more recent, advanced 

technology as well as environmentally friendly farming practices (Paudel et al., 2012; Karali et al., 

2014; Sanchez et al., 2014; Slee et al., 2006).  

Economic barriers may be significant 

 Actual or perceived lack of financial benefits may prevent adoption 

Measures that do not guarantee financial benefits – e.g., that may have a negative impact on 

production or come at a cost to the farmer – are unlikely to be adopted in the absence of other tangible 

benefits. This is particularly relevant in the case of mitigation practices. Adaptation measures generally 

generate a private benefit (or avoided cost) for the farmer by limiting the detrimental future impacts of 

climate change on production; adaptation measures would not be adopted if there was no overall net 

benefit over time. Anticipated financial benefits are identified as important drivers in the adoption of 

new agricultural practices (Rochecouste et al., 2015; Maybery et al., 2005; Frost, 2000). Morgan et al. 

(2015) found perceived financial benefits to be one of the main factors driving the adoption of 

mitigation practices (across six domains: livestock; soil; fertiliser; water; energy; and vegetation 

management) among Australian farmers. Similarly, Feliciano et al. (2014) find that the main mitigation 

practices favoured among Scottish farmers were those related to the reduction of mineral N fertiliser, a 

change that was also accompanied by cost reduction. Many of the conservation agriculture measures 

that reduce GHG emissions do increase profitability (Rochecouste et al., 2015); this should be explained 

and demonstrated to farmers to encourage adoption.  

 The cost of adopting new technologies or practices may be prohibitive 

Some climate-friendly measures are associated with high adoption costs at the farm level, 

particularly with regard to capital costs, thereby acting as a barrier for some farmers. A number of 

mitigation strategies, such as precision agriculture technologies, require the purchase of specialised 

machinery and associated technology, such as GPS and sensors, and possibly machinery modification 

and reconfiguration. There is evidence that a perceived or actual lack of financial capacity to implement 

certain practices represents an important impediment to their adoption by farmers (Stuart et al., 2014; 

Morgan et al., 2015; Sanchez et al., 2014; Rochecouste et al., 2015). Even practices not requiring capital 

costs may incur entry costs, which deter farmers, such as the cost of planting a cover crop (Sánchez et 

al., 2016). Adaptation measures may also incur significant capital investment, such as pumps, pipes and 

sprinklers for irrigation, the construction or modification of shelters, and shifting to alternative varieties 

or livestock breeds. Credit constraints (discussed in more detail subsequently) may also exacerbate the 

prohibitive nature of adoption costs. 

 Hidden and transaction costs could explain the non-adoption of presumably win-win measures 

An oversimplification of cost and adoption assumptions may partly explain the non-adoption of 

seemingly “win-win” measures identified in MACCs (MacLeod et al., 2015). Most assessments of the 

economic costs of mitigation measures are based on average values which do not take into account the 

heterogeneity of farms. Moreover, they do not include the possible interactions between mitigation 

measures, and the opportunity cost thereof. In particular, Moran et al. (2013) identify the potential 

existence of unobserved transaction costs associated with learning and implementing new techniques 

(discussed further under information and education) as well as poorly recorded monitoring, reporting 

and validating (MRV) costs. Farmers’ private transaction costs related to agri-environmental or 

conservation programme participation have been found to be an important factor explaining their 

decision to participate and their practice adoption decisions (Falconer, 2000; Falconer and Saunders, 

2002; Mettepenningen et al., 2009; Rørstad et al., 2007; Vatn et al., 2002).
10

 They may also play a 

significant role in barring the adoption of climate friendly-practices; for instance, farmers face private 

                                                      
10. See Lankoski (2016) for empirical estimates of farmers’ private transaction costs. 
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transaction costs when applying for carbon offset or other voluntary schemes. These costs are generally 

fixed and independent from the size of the farm, causing them to be particularly prohibitive to small 

entities (Bellassen et al., 2015). Smith et al. (2007b) also surmise that transaction costs present a barrier 

to the participation in carbon markets, through what they term a brokerage cost, again particularly for 

smallholders. Additional unreported costs may include those associated with recording and reporting 

input use. Hence, while it appears from MACCs studies that some measures may be either financially 

neutral or even income generating for farmers, in reality, they may be associated with potentially 

significant hidden cost that prevent their widespread adoption (Grosjean et al., 2016).  

 Limited access to credit may slow down adoption 

As with any business, access to credit is a key factor in determining the direction agricultural 

businesses take with regard to choice of land use and production processes. If a practice is associated 

with an implementation cost (as discussed above) then access to credit may be an important factor even 

if the farmer is willing to undertake the practice. Although different from credit, “financial capacity” (in 

the form of capital) has been found to have the largest impact on adoption of best management practices 

in the meta-analysis of Baumgart-Getz et al. (2012). The availability of credit is also likely to be a 

significant factor if climate-friendly practices result in lower yields or profits. For example, farmers 

have expressed concern that potential reductions in yields may affect their relationships with lenders 

(Stuart et al., 2014). This particular barrier is of course only applicable for certain practices as many 

climate-friendly measures will not require any initial investment or cost, or may even increase yields or 

decrease costs.  

Social and cultural factors play an important role in farmers’ decisions  

Farmers identify themselves strongly with their occupation, their work place, the land and the 

animals, making it difficult to disentangle themselves from the farm, traditions, and practices 

(Barcley et al., 2005; Burton, 2004a; Duesberg et al., 2013; Gasson, 1973; Gillmor, 1999; Grubbstroem 

and Soovaelli-Sepping, 2012; Kuehne, 2013; Mann, 2007; Riley, 2011; Riley, 2015). Farming also 

provides the farmer with a sense of identity, occupation, control, and status in the community, as well as 

social and cultural capital (Bika, 2007; Burton, 2004a; Burton et al., 2008; Errington, 2002; Gillmor, 

1999; Ingram and Kirwan, 2011; Kuehne, 2013; Riley, 2012). These inherent identities can have an 

important influence on farmers’ attitudes to and decisions to adopt climate-friendly practices. 

 In many parts of the world, farming is a traditional occupation that has been continued from 

generation to generation. For various reasons, certain practices may be seen as appropriate and 

acceptable, and others less so. For example, farmers in many countries tend to have a negative attitude 

towards woodland planting; reflecting a ‘deep cultural divide’ between farming and forestry (WEAG, 

2012 cited in Feliciano et al. 2014; Cooper and Rosin, 2014; Burton, 2004b). Bridging this cultural 

divide would have highly positive implications for addressing climate change, as there are multiple 

benefits from on-farm tree planting (or agroforestry systems), both for mitigation and adaptation to 

climate change, as well as for biodiversity, water quality, and recreation (Willis et al., 2003).  

Many farmers display “deeply embedded psychological and moral reasons for focusing on food 

production” (Clark and Johnson, 1993). They often argue that agriculture is addressing food security 

and “feeding the world”, and should be exempt from GHG emission reduction efforts (Rosin, 2013).
11

 

Burton et al. (2008) discuss the role of ‘cultural capital’ in agriculture, where identical categories of 

perception and appreciation are developed among farmers so that skills can be appreciated and 

rewarded. Measures that may (in the short term at least) result in lower yields for example, are likely to 

                                                      
11.  This perception is related to other social and cultural barriers, as well as to the discussion on the 

effects of climate friendly measures on production, where countries tend to adopt the argument of 

improving efficiency and reducing emissions per unit of product rather than reducing absolute 

emissions 
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threaten the perception of what makes a ‘good farmer’, and farmers are understandably reluctant (even 

subconsciously) to take this step. The existence of this phenomenon is shown by farmers being more 

likely to adopt certain measures if their neighbours have a positive attitude towards the practice and are 

likely to keep on adopting such practices if the neighbours are also determined to do so (van Dijl et al., 

2015; Kuhfuss et al., 2015).  

Emotional or cultural attachments to land or activity can act both as an enhancer and barrier to 

adaptation. Farmers that have strong emotional or cultural attachments to their land and land use are 

more likely to be encouraged to protect the land for future generations. But they may also be unwilling 

to undertake significant adaptation action, such as a physical relocation of activity to a more suitable 

location (Eakin et al., 2015; Marshall et al., 2012) or a change in activity to one more appropriate in a 

changing climate (Adger et al., 2011, Adger et al., 2009).  

Farmers may be exposed to a range of behavioural and cognitive barriers  

 Beliefs and experience of climate change have a modest impact on adoption 

Believing that climate change is real has only a modest impact on whether people adopt climate-

friendly measures (Hornsey et al., 2016); instead focusing on why people hold their views is likely to be 

more fruitful in changing behaviour than attempting to directly change these views. Some studies have 

reported relationships between the belief that climate change is occurring and is due to human activity, 

and the likelihood of adopting adaptation and mitigation practices (Arbuckle et al., 2013; Stuart et al., 

2014). In general, farmers who are sceptical about climate change are less likely to adopt climate-

friendly practices, but if the practices are framed as addressing weather variability instead, they may 

support such practices (Arbuckle et al., 2013).
12

  

Farmers’ perception on whether or not they are able to affect the situation influences the adoption 

rate. Many farmers do not consider their individual, potential contribution to the mitigation effort as 

something that matters and therefore are not encouraged to undertake any effort. On the one hand they 

may underestimate their own GHG-footprint; on the other hand they may also perceive that their action 

will not matter if all other farmers don’t undertake such action (Greiner and Gregg, 2011). Farmers’ 

perception of their own ability to adapt to the impact is also critical. 

Personal experience with climate change (or extreme weather events) may have a significant effect 

on the adoption of climate-friendly agricultural practices although the link between the two is debated in 

the literature. The “Psychological Distance Theory” (Liberman et al., 2002) suggests that events 

perceived to be closer either spatially, temporally, socially or in certainty, are more salient and have a 

greater influence on individual’s decisions (Spence et al., 2012). The theory is validated partially in the 

case of climate change; some studies find that personal experience with climate change events influence 

attitudes towards climate change (Niles et al., 2016), but other studies failed to determine a difference in 

attitudes between those affected by climate impacts and the general population (Whitmarsh, 2008) or a 

change in attitudes before and after an extreme event (Carlton et al., 2015). The general consensus in the 

literature is that experience is not correlated with climate change belief (Hornsey et al., 2016), and that 

climate change beliefs play only a modest role in adoption of climate-friendly measures. It is likely that 

individuals’ worldviews and political loyalties influence the way they search, remember and assimilate 

evidence around climate change (ibid). Of course, farmers who are exposed to repeated changes in 

weather will generally adapt their practices in response, wherever possible (Wreford and Adger, 2010). 

But adaptations made in anticipation of future changes, and many mitigation actions – particularly those 

without immediate benefits to the farmer – may be more influenced by the concept of psychological 

distance.  

  

                                                      
12. Other factors such as status in a group can also be influential and lead farmers to refuse win-win 

innovations (Grolleau, 2014).  
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 Perceived long time horizons, uncertainty and risk management can discourage the uptake of climate-

friendly practices 

Uncertainty about future climate changes may discourage the adoption of long term adaption 

actions (e.g. Eakin et al., 2015). Adaptation can be improved by a wide range of farm-level actions, 

from relatively short-term decisions made in response to observed changes in weather, such as changing 

crop variety or adjusting the timing of operations, to decisions that require a longer time to be fully 

effective (long lead time) or even be seemingly irreversible (long life time), such as planting shelterbelts 

or building housing to protect animals from heat stress. Farmers may not be willing to engage into the 

latter, given that these are long term investments that may not pay off. As seen in Box 2, uncertainty is a 

key reason for farmers’ reluctance to even discuss climate change adaptation in Australia. However, 

given the complexity, timescales and uncertainties involved in regional climate prediction, climate 

scenarios will always be inherently uncertain,
13

 and waiting for more certain projections may increase 

the vulnerability as well as the cost of implementation of adaptation measures.  

Relative risk perception can also play a role in farmers’ willingness to adopt climate-friendly 

measures. In the context of climate change, risk perception and appraisal are based on an individual’s 

perception of threats, opportunities, exposure and severity (Grothmann and Patt, 2005). Individuals 

assess the relative risks of different phenomena in terms of the perceived probability of being exposed 

to their impact and how harmful the impact will be relative to their appraisal of how harmful and urgent 

other problems or challenges may be (ibid). In this setting, climate concerns may be attributed a low 

priority.  

Box 2. Why is it difficult to discuss climate change with farmers? Evidence from Australia 

To better understand the non-adoption of farmers in climate adaptation projects, Robertson and Murray-Pior (2016) 
surveyed Australian farmers about their willingness to discuss the impacts of, and their adaptation to, climate change. 
They identify five key reasons why it is difficult for farmers to discuss these issues. 

1. Climate change is a slow-moving phenomenon and projections are uncertain 

2: Time horizons for farm planning are relatively short and managing the ‘‘here and now’’ of climate (and price 
and cost) variability takes precedence  

3. There is confidence in the ability of technological progress to keep pace with negative impacts of climate 
change 

4. Biophysical science does not have much to offer to support longer term more transformational decisions 

5. Communication is difficult in a contentious environment. 

The authors then recommend a series of action to cope with these issues, emphasising the need to focus on farm 
management practices rather than optimal systems, and finding ways to regain the trust of farmers on climate change 
issue, notably by involving farm and agriculture specialist in participatory communication approaches.  

Source: Robertson and Murray-Prior (2016). 

With the urgency of action in the face of already observable impacts, adaptation decisions will 

need to be made in the absence of certainty; existing analytical approaches to taking decisions under 

uncertainty may help guide farmers. In light of uncertainties, strategies should aim to be “robust” 

against a wide range of plausible climate change projections (Dessai and van der Slujis, 2007; 

Hallegatte, 2009; Hallegatte et al., 2012; Lempert and Schlesinger, 2000). Robust decision-making in 

general terms obviates the need to wait for better climate information, as robust adaptations would 

                                                      
13.  Uncertainty in climate projections stems from four main sources: 1. Modelling uncertainty, which 

stems from our incomplete understanding of the climate system and the inability of climate models to 

represent the real system perfectly; 2. Natural climate variability; 3. Uncertainty in our future 

emissions; 4. Uncertainty resulting from downscaling projections (Jenkins et al., 2009). 
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increase resilience regardless of how the climate changes. Under conditions of deep uncertainty as in the 

case of climate change, and recognising that often climate is only one of a myriad drivers, an approach 

emphasising robust decision-making is less likely to be constrained by limits to knowledge (Dessai and 

Hulme, 2007). Communicating these approaches to farmers and advisers may be a useful mechanism to 

overcome the barrier posed by uncertainty. Economic appraisal tools include real-options appraisal, 

portfolio analysis and formal robust decision making (Dittrich et al., 2016a; Dittrich et al., 2016b), 

although their formal application is complex and may itself present a barrier to its use. The underlying 

concepts however may provide useful approaches to guide decision-making. For instance, moving to a 

diversified livestock herd with different temperature tolerances thereby trading off optimal performance 

in the current climate for more resilience against temperature extremes (an application of portfolio 

analysis). Similarly, natural flood risk management measures to protect livestock and agricultural land 

can be implemented in stages and scaled up over time in the least costly way of the potential full design 

if considered from the beginning (real options analysis). 

 Farmers face competing pressures 

Farmers are business managers and as such must deal holistically with a range of financial and 

time requirements. Individually these demands may not be time consuming or costly. But owner-

operating farmers are working on their own and are time constrained. Adapting to and mitigating the 

causes of climate change may not be as high a priority as other pressures. Farmers must balance these 

competing demands, with their own priorities (Frost, 2000). Additionally, climate change may be seen 

as one of several environmental requirements farmers should consider (Thareau et al., 2015). 

Furthermore, farmers may only be willing to implement climate-friendly measures that require 

minimum efforts, and those that require more effort, such as farm woodland planting, may be less 

attractive (Feliciano et al., 2014). Studies have found “easiness of implementation” as being a reason for 

adoption of certain practices and a lack of time or staff or labour as an impediment (Greiner and Gregg, 

2011). This may be related to the status quo bias in behavioural economics, where individuals tend to 

prefer the status quo, or by abiding by previous decisions (Shogren, 2012). 

Barriers at the sector and policy levels: misperceptions and insufficient policy efforts 

Farmers’ propensity to adopt climate-friendly practices may also be influenced by sector-wide or 

national factors, stemming in part from policies and activities of other actors. First, the access to and 

level of information about climate change, its effects, and the possible macro-effects that mitigating 

emissions may have on production could play a significant role in farmers’ willingness to consider 

climate-friendly practices. Second, supply chain decisions and contracting schemes may have an 

influence on farm’s decisions. Third, the focus and type of climate policy as it relates to agriculture, 

both domestically and in competing countries can also play a role, as well as its accounting in the 

international emissions inventory. Lastly, non-climate related agricultural policies may also encourage 

farmers to engage into climate-incompatible practices.  

Actual and perceived effect on production 

A clearly identified barrier to adoption of mitigation measures is the perception that they will affect 

the farm’s production, and, on a national scale, affect the production of the entire sector
14

 (Greiner and 

Gregg, 2011). At the national scale, in countries where agriculture is an important contributor to the 

economy and also a significant source of emissions, mitigation obligations tend to be resisted because of 

their perceived potential effect on production. Here the rhetoric tends to focus on increased efficiency 

and thereby reducing emissions per unit of product rather than attempting to reduce overall emissions 

                                                      
14.  This is particularly the case with respect to mitigation practices: the aim of adaptation is usually to 

avoid negative effects on yield and production losses, but some adaptation options may require 

accepting lower than optimal productivity over a longer term to avoid catastrophic losses in the future, 

perhaps through diversification for example. 
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from the sector (New Zealand Agricultural Greenhouse Gas Research Centre, 2014). While efficiency is 

part of the solution., evidence suggests that some of the emissions savings from efficiency might be 

offset by those associated with increased production, the so-called Jevons’ Paradox (Alcott, 2005). At 

the same time, such efficiency gains can encourage lower footprint production activities at a higher 

scale, eventually reducing the regional or global sector’s emissions. Other options are available that 

balance production and GHG mitigation objectives however, the agricultural sector together with the 

other sectors of the economy should ultimately strive to reduce the absolute GHG emissions (see earlier 

discussion regarding MACC curves).  

Governments are often unwilling to scale back their own agricultural production or restrict inputs 

if they perceive that their competitors are not taking the same measures. They fear a competitive 

disadvantage, concerned that other, less efficient producers will simply fill the supply gap leading to an 

increase in global emissions (a concept called carbon “leakage”, see Lee et al., 2006, discussed further 

below). For example, New Zealand has stated it will only introduce reduction obligations for biological 

emissions from agriculture if there are technologies available to reduce these emissions and 

international competitors also take sufficient actions (New Zealand Government, 2014).  

Insufficient information and awareness plays a role in limiting climate change efforts 

Although the “information deficit model” (e.g. Irwin and Wynne, 1996), which assumes that once 

the public receives the appropriate information they will then act rationally, is now outdated, 

information and education remain an important factor in promoting awareness and adoption of 

climate-friendly measures in agriculture. Some farmers are still uninformed about agriculture’s 

contribution to climate change: for instance, many corn farmers in a study based in Michigan, United 

States, had no prior exposure to information about the linkages between nitrogen fertiliser, N2O, and 

climate change (Stuart et al., 2012). The lack of knowledge about potential climate-friendly measures 

and how to implement them is also identified as a barrier across other countries. Farmers and 

stakeholders in a Scottish study mentioned a lack of information and education as a constraint for 

adopting certain mitigation measures, particularly in relation to nitrogen fixation through the use of 

legumes, a finding replicated among Spanish farmers (Sánchez et al., 2016), and access to and quality of 

information was identified as having an important impact on adoption of best management practices 

(Baumgart-Getz et al., 2012). 

The way in which information about climate change is communicated is mentioned in several 

studies as being important: a positive approach focusing on empowering farmers to take action to 

address climate change is generally more successful at engaging people and minimising defensive 

reactions (Niles et al., 2013; Stuart et al., 2014). Communication of the on-farm benefits of adopting 

climate-friendly measures is more likely to drive adoption than policy drivers (Rochecouste et al., 

2015). Who provides the information is also critical (OECD, 2015b): Farmers may have some sources 

they trust more than others, and indeed some sources may be less impartial than others. In one study, 

farmers gained the most information on fertiliser application from fertiliser dealers themselves, and had 

little understanding of the consequences for the climate of over-application of N fertiliser (Stuart et al., 

2014). Examples of showcasing role models from the farming community and allowing them to explain 

changes they have made, the costs involved and the results achieved have been shown anecdotally to be 

successful (Buffett, 2016). In some areas certain extension services have chosen not to mention climate 

change for fear of creating distrust among farmers (ibid).  

There is a general consensus in the literature that there is a need for a targeted, segmented approach 

to extension with farmers (Arbuckle et al., 2013). Drawing on insights presented under other barriers, 

targeting information in a way that appeals to people’s values, without crowding out other desirable 

behaviours, may be more helpful than simply providing increasing quantities of information. A useful, 

practical discussion around encouraging behaviour change is presented in Crompton (2010). 

Establishing networks to share examples of climate-friendly practices, and encouraging farmers to 

co-operate with each other and share information and experiences may be a mechanism to move beyond 
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the existing barriers. Being connected to an agency or local networks of farmers was identified as 

having one of the largest impacts on adoption of best management practice (Baumgart-Getz et al., 

2012), and networks are identified in several studies as being critical to the adoption of innovation 

(Knickel et al., 2009), and in changing behaviour regarding adaptation and mitigation (OECD, 2012). 

Farmers make decisions in a number of “nested, hierarchical” scales (Lyle, 2015), which influence and 

interact with each other and ultimately affect farmers’ decision making. Lyle (2015) presents this model 

with the “hazardscape” at the outermost scale, and the individual at the innermost working out towards 

the household, the farm and the community. It is useful to keep this conceptualisation in mind when 

considering farmers’ decisions, as they are influenced and shaped by a range of networks.  

Industry co-operation and agreements 

Certain types of agricultural production (such as seed corn production in the United States) are tied 

to commercial contracts, where farmers are bound to a competitive contract system that focuses on 

yields and encourages them to apply more nitrogen fertiliser than other farmers (Stuart et al., 2014). 

Farmers participating in these contract programmes may be actively encouraged by the company to 

increase their fertiliser application rates, and farmers may feel they are unable to address climate change 

issues (through reducing nitrogen fertiliser usage) given their production contracts.
15

  

Post-production, market chain-related constraints may also induce disincentives for farmers to 

adopt climate friendly activities. For instance, shifting to new low-emission or climate resilient crop 

alternatives will not be profitable in the absence of an effective marketing chain (from storage units to 

retail, e.g. Meynard et al., 2013). Well-established industries with processing factories for a certain 

product may also encourage buying companies and farmers to avoid changing options (OECD, 2017b). 

In dry regions of India, textile and sugar manufactures have long been established with a network of 

processing factories, lowering incentives for both food and clothing companies and farmers to move 

away from highly water consuming sugarcane and cotton.  

Institutions play an influential role in shaping farmers’ decisions and helping them make strategic 

choices with implications for livelihoods and sustainable development (Agrawal, 2008). Greiner and 

Gregg (2011) find a perception that the industry (in this case beef in Australia) did not have a 

consolidated position on conservation measures and did not provide recommended industry best 

practice standards. On the other hand, businesses can encourage good environmental practice and 

become a driver rather than a barrier. For example, Global GAP (Good Agricultural Practice) creates 

private incentives for the adoption of sustainable practices globally, and provides voluntary certification 

schemes. Producers and suppliers are able to join this programme. Similarly, some of the larger 

supermarkets are also driving good practice.
16

  

Both the absence of and poorly designed climate policy can create barriers to adoption 

The absence of explicit references to agriculture in international climate policy – most recently in 

the Paris Agreement – could act as an indirect barrier to agriculture mitigation practices, in that it does 

not encourage countries to take action in this area. While the whole economy approach provides 

flexibility and avoids unnecessary burden on some sectors, the avoidance of simply mentioning the 

                                                      
15. At the same time, some contracts with industry require specific fertilizer rate to ensure a specific 

quality of grains; for instance, in the case of bread cereals (wheat or rye), specified applications can 

help ensure higher protein content and better baking properties. In such case, farmers might be paid 

less for lower N content of their grains, discouraging them to apply lower N rates, but the trade-off 

involves quality versus environment.  

16.   For instance, the British supermarket chain Tesco, which in 2007 initiated the Tesco Sustainable Dairy 

Group (TSDG), which provides information and advice to farmers on reducing their carbon footprint 

on farm, as well as improvements in animal welfare and general sustainability. They also hold an 

annual conference for TSDG farmers and opportunities for the farmers to meet and exchange 

information 
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objective of reducing GHG emissions in agriculture, despite its importance especially in non-CO2 

emissions, leaves the room for UNFCCC ratifying countries to neglect sector specific actions.
17

 

 As a result of the absence of explicit reference to agriculture in international climate agreements, 

and because of the complexity involved with many producers managing biological systems, there are 

only few examples of policies regulating agricultural GHG emissions. But farmers arguably will not 

adopt otherwise (short-term) unprofitable agricultural mitigation practices in the absence of government 

policy or incentives (Smith et al., 2007b). While in principle agriculture could be governed by similar 

policies as other sectors – including market-based measures such as taxes or tradable permits; standards 

and regulations; subsidies and tax credits; information instruments and management tools; R&D 

investment; promoting the deployment and diffusion of technological mitigation options; and voluntary 

compliance programmes (Gerber et al., 2010). The inherent complexity of large numbers of 

heterogeneous small firms managing uncertain biological systems means that the application, and 

particularly the monitoring, reporting and validating, of these policies is not straightforward. This is 

especially true where policies target particular practices. Some other instruments, such as N2O tax, may 

be easier to implement.  

The employment of policy measures has been low and is dominated by subsidies, grants and 

incentives, and voluntary offset programmes (Cooper et al., 2013). New Zealand has been the only 

country to attempt to incorporate agriculture into the Emissions Trading Scheme (ETS) at the national 

level,
 18

 although biological emissions from agriculture are not yet included. The agricultural sector in 

New Zealand will only incur surrender obligations if there are technologies available to reduce these 

emissions and if New Zealand’s international competitors are “taking sufficient action on their 

emissions” (New Zealand Government, 2014). Sub-national programmes are being developed in the 

United States, including a Californian ETS, and the Regional Greenhouse Gas Initiative (RGII) 

involving nine states, which allows offset allowances for certain agricultural activities.  

In contrast, the “threat” of regulation may be sufficient to promote the voluntary adoption of 

mitigation measures among producers. Farmers may want to be seen to be addressing the problem 

without regulation, thereby removing the need for legislation and the associated compliance costs and 

administration (Cooper et al., 2013; Renwick and Wreford, 2011).  

Even when applied to the agriculture sector, the design of climate mitigation policy may limit the 

adoption of climate-friendly practices (Niles et al., 2013; Barnes and Toma, 2012), for two main 

reasons. First, climate policies may in theory affect the adaptive capacity of agricultural systems to 

respond to climate changes if they require resources and costs that exacerbate vulnerabilities. In other 

words, responding to a new climate mitigation policy may require farmers to divert resources (time, 

labour, capital) away from adapting to actual impacts, leaving them more vulnerable. This concern has 

been expressed by farmers, particularly in relation to the administrative burden of regulatory reporting, 

e.g. in the case of fertiliser and pesticide use (Niles et al., 2013). No evidence was found that regulations 

have effectively increased vulnerability. Still, this concern highlights the importance of integrating 

                                                      
17. Slight progress has been observed in the G20. In January 2017, G20 agriculture minister declared 

that they “emphasise the need for agriculture and forestry to adapt to climate change and also 

emphasise their role in its mitigation”, striving to enhance their capacity to do so (G20, 2017b). The 

Action Plan they also adopted remain relatively vague: “We will take action to implement the Paris 

Agreement in the agricultural sector.”  (G20, 2017a). 

18. Several U.S. state or regional programs have attempted to incorporate agriculture into ETSs through 

sales of offsets. California has an emissions trading program that provides for sale of agricultural 

offsets from methane capture from manure management systems, as does the Regional Greenhouse 

Gas Initiative (RGGI), a cooperative initiative to reduce greenhouse gas emissions involving nine 

north-eastern U.S. States. Several voluntary offset programs also allow participation of agricultural 

producers through practices such as soil carbon sequestration and fertilizer management. 
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policies and the unintended consequences of misaligned policies. The concept of “Climate Smart 

Agriculture” promotes such integration; it advocates the development of measures that achieve both 

mitigation and adaptation goals, as well as meeting food security aspirations. It may therefore have a 

role to play, although meeting three goals simultaneously will not always be feasible. 

A second reason for climate policies or even the possibility of climate policies, creating barriers is 

by creating general hostility towards any climate action. It may be the case that policies play perhaps an 

even more important role than climatic drivers in influencing both positive and negative adaptive 

behaviours to climate change (Adger et al., 2009). And negative experience with past local 

environmental policy is a much stronger predictor of climate change attitudes than personal experience 

of climate impacts (Niles et al., 2013), although as discussed subsequently, beliefs about climate change 

have only a modest impact on adoption. However, the authors also found that farmers may be able to 

overlook their negative perceptions towards policy and adopt climate-friendly practices, if the 

government provides the right incentive to do so. Encouraging societal demand for climate regulation 

may be a useful mechanism to encourage mitigating behaviour (Ockwell et al., 2009). 

Box 3. Farmers have heterogeneous values and motivations 

Farmers, as individuals, are motivated by different factors, which will influence their perceptions of climate change and 
the appropriate action for them to take. Several studies have classified farmers into different types, according to their 
beliefs, values and motivations (Barnes and Toma, 2012; Hall and Wreford, 2012; Greiner and Gregg, 2011; Maybery et 
al., 2005). This segmentation may help identify the driving forces behind farmer’s decision making. For example, three 
motivating factors were found for beef grazing farmers in Australia: ‘economic or financial’ motivation, ‘conservation and 
lifestyle’ motivation and ‘social’ motivation (Greiner and Gregg, 2011). Other authors find similar groups of motivations. 
Unsurprisingly, farmers driven primarily by economic and financial motivation rate the opportunity cost elements 
(potential loss of production) of adopting climate-friendly measures as a more important consideration than farmers who 
are motivated by conservation and lifestyle or social factors.  

Individuals’ beliefs and motivations stem from their values, which can be grouped into intrinsic values (self-transcending, 
altruistic, community), and extrinsic (self-enhancement, power, financial-success) (Schwarz, 2006). Correlations are 
found between individuals’ values and their behaviour (Bardi and Schwarz, 2003; Roccas and Sagiv, 2010). A meta-
analysis of 25 polls and 171 academic studies across 56 nations (Hornsey et al., 2016) found that values, ideologies 
and political affiliation was a much stronger predictor of climate change belief than other variables including education, 
knowledge and experience with extreme weather events. Furthermore, values research has important implications for 
policy incentives for adoption of climate-friendly practices as it demonstrates that a focus on financial benefits to 
encourage the adoption of pro-environmental behaviour may have undesirable consequences in the longer term as it 
reinforces worldviews that are incompatible with pro-environmental behaviour, ‘crowding out’ altruistic intentions 
(Crompton, 2010). While the literature still has to develop empirical analysis on the specific case of climate friendly 
agriculture, there is some empirical evidence that financial incentives can crowd out the adoption of biodiversity and 
ecosystem conservation programs (Rode et al., 2015). 

Monetary rewards weaken intrinsic, self-transcending intentions: so a farmer for example may have intended to adopt a 
mitigation practice that may have negatively affected their production because he/she felt it ‘was the right thing to do’, 
that they ‘were doing their bit’ towards climate change. If a financial incentive was then offered this removes the altruistic 
motivations and may result in the farmer not adopting the behaviour at all. If this effect holds, monetary rewards have 
the opposite effect of their intention (Shogren, 2012). Evidence relating to adoption of conservation agriculture practices 
identifies fundamental differences in motivation for subsidised and non-subsidised practices (e.g., Lokhorst et al., 2011). 
However, while the proportions of altruistically motivated farmers will vary between regions, it is likely that they comprise 
a smaller proportion of the farming population than more conventionally profit-driven producers and therefore the net 
benefit of financial rewards in encouraging adoption of climate-friendly practices would be positive. While it would be 
beneficial for policy-makers to understand the composition of farmers in their region and their primary motivations before 
proceeding with interventions, practically, it is unlikely to be feasible to apply differentiated policies 

Source: Bardi and Schwarz (2003); Barnes and Toma (2012); Crompton (2010); Greiner and Gregg (2011); Hall and 
Wreford (2012); Lokhorst et al. (2011); Maybery et al. (2005); Roccas and Sagiv (2010); Schwarz, (2006); Shogren 
(2012). 

 

Policies, as well as risk communication and advice within the agricultural community should 

ideally be differentiated across regions and places, addressing different farmer types as well as land 

uses. Policies tend to address farmers as a homogenous group, but considerable evidence exists to 

suggest that this is not the case, and that farmers hold considerably different values from each other, 

resulting in differing attitudes and behaviours (e.g., see Barnes and Toma, 2012; Greiner and Gregg, 
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2011; Maybery et al., 2005; Morgan et al. , 2015)  (Box 3). Furthermore, significant heterogeneity exists 

between farms systems themselves, and they are affected differently by climate impacts depending on 

their bio-physical and ecological contexts, as discussed at the outset. 

Possible carbon leakage 

The concept of carbon “leakage”(Lee et al., 2006), whereby the emissions reduced by one country 

through stricter environmental controls or greater voluntary adoption of mitigating measures by actors, 

are increased in another country with weaker environmental protection, is often cited as a reason for not 

reducing emissions (Smith et al., 2007b). While there are a number of causes of such leakage, the most 

direct driver is the imposition of higher costs in the country imposing the regulation, reducing that 

country’s competitiveness. Ex ante analysis of European agricultural emissions reductions suggest that 

leakage may indeed be significant (Van Doorslaer et al., 2015), although this may vary depending on 

the mechanisms used to incentivise mitigation, and the assumptions of the model used, particularly on 

the availability and uptake of technological mitigation options, and agricultural productivity growth 

inside and outside the European Union. Another study (Leip et al., 2010) finds that including agriculture 

in the EU ETS would reduce EU emissions by 19.3% and increase emissions in the rest of the world by 

6%. So the picture is by no means clear and no ex post analysis is yet available. A first best solution is 

that of international cooperation on common goals, the Paris Agreement and associated efforts to 

encourage GHG mitigation actions in different countries may contribute to lessen that concern. A range 

of other approaches has been studied, including measures that may in some case have negative trade 

implication (Condon and Ignaciuk, 2013).  

Reporting and administrative disincentives to act 

The national level reporting of GHG emissions through the IPCC inventories may present a barrier 

to mitigation, as many mitigation practices are not captured in this process nor are the benefits of carbon 

storage accounted for. The IPCC Inventory Guidelines (IPCC, 2006) format has three tiers of 

calculating emissions, with Tier 1 having very broad categories of activities and simple, fixed region 

emission factors. Unless countries adopt a Tier 3 methodology, which allows for more precise recording 

of activities and systems, many emissions reduction practices, such as altering the feed composition, 

improving the timing of fertiliser application, or other soil management practices, will not be captured 

(Smith et al., 2007b). This feature of national inventories presents an important barrier to the adoption 

of certain emission reductions practices as there is little incentive to adopt them if they will not have any 

effect on the countries’ reported emissions. Furthermore, some of the efficient mitigation measures are 

classified under the LULUCF sector (Land Use, Land Use Change and Forestry), such as new 

cultivation methods for organic soils (Huan-Niemi et al., 2015). However this particular barrier is only 

important if the inventory is the main vehicle for incentivising mitigation, and there is some scope for 

farmers and countries to use more detailed reporting if necessary.  

Sector-attribution of GHG emission reductions may also reduce incentives to act. Although overall 

it does not make a difference which sector reduces the emissions, a sector (or government ministry) not 

properly acknowledged for reducing emissions may be discouraged from engaging into mitigation 

actions. For instance, credits for fuel efficiency improvements in agriculture are often accounted as 

energy sector achievements, ignoring the role of agricultural actors.  

Barriers may also be caused by misaligned agricultural policies  

Policies designed to support production, such as input subsidies, production support, subsidised 

insurance for marketable risks, and tax exemptions in challenging circumstances may distort the signals 

given to producers that they should be adopting climate friendly practices.  

Orthodox economic advice discourages input subsidies due to their propensity to distort resource 

allocation, and their inefficiency and inequity in transferring resources. For instance, electricity and 

grain production subsidies in Northwest India support groundwater overdraft and greenhouse gas 
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emissions (GSI, 2010; OECD, 2015a).
 19

 But in the longer term the more critical problems with these 

types of subsidies in the context of climate change are the continued support of production in areas that 

are no longer appropriate, depleting groundwater in areas that are already water scarce and becoming 

more so under climate change, increasing future vulnerability and creating a barrier to transformation. 

By encouraging intensive groundwater use, such subsidies may also contribute to pollution, salinization, 

stream depletion and other external impacts (OECD, 2015a).  

Similar problems exist with fertiliser subsidies, which are used in Indonesia for example (Osorio et 

al., 2011), which aim to increase yields and preserve national food security, as well as the wider 

objectives of farmers’ welfare, poverty alleviation or price stabilisation. The policies may encourage 

farmers to apply fertiliser above the optimum rate, which has negative effects on productivity as well as 

the contribution to greater N2O emissions, undermining mitigation aims, and also appear to have limited 

success in addressing poverty alleviation (Osorio et al., 2011). Countries that maintain production 

support measures should consider decoupling them from production, and may consider conditioning 

them based on environmental performance, including continued suitability of the production under 

changing environmental conditions.  

Expectations that formal institutions for risk management, e.g. insurance, will protect individuals 

from risk can provide a barrier to individuals taking action themselves (Linnerooth-Bayer and 

Hochrainer-Stigler, 2014; Eakin et al., 2015). For instance, evidence shows that farmers who opted for 

yield insurance were significantly less likely to adopt risk mitigating irrigation (Foudi and Erdlenbruch, 

2012). Similarly, Annan and Schlenker (2015) showed that US farmers with federal crop insurance opt 

for more heat sensitive crops than others, and reduced incentive to engage in climate change adaptation. 

On the other hand, insurance instruments can be designed to provide incentives for adaptation by using 

reduced premiums to reward investment in risk-reducing activities (Linnerooth-Bayer and Hochrainer-

Stigler, 2014). 

 By design, some policies may be more accepted by farmers and therefore may stimulate higher 

adoption rates. Farmers tend to prefer instruments that do not directly affect the costs of production. For 

instance Swiss farmers in general prefer to choose “climate-standards” on vehicles or on construction, 

or eventually see a tax on GHG intensive food as an option to stimulate emission reduction as opposed 

to the instruments that would directly increase their costs such as a levy on gasoline or heating fuels and 

additional taxes on agricultural inputs (Karrer, 2012). 

4. Overcoming barriers to climate-friendly agriculture: Which policy actions? 

Identifying high priority, locally-relevant barriers 

As shown in section 3, agriculture faces a wide range of diverse barriers to the adoption of climate-

friendly practices. Some of these barriers are directly linked to government policy, while others relate to 

farmers’ own decisions but can potentially be influenced by policy. This multitude of barriers also 

matches the diversity in environmental conditions, types of farmers, institutional and policy 

environments. 

The way policy makers respond to these barriers will have an effect on the uptake of 

climate-friendly practices. It is necessary to prioritise the order in which barriers are addressed in order 

to increase the cost-efficiency of policies that stimulate the uptake of climate-friendly practices. Two 

steps are deemed necessary.  

                                                      
19.  Multiple report have found that energy subsidies in Mexico and India have increased water use, 

leading to high energy use and financial costs, with very limited benefits for farmers. Economic 

studies have shown that reducing or removing these subsidies would result in significant reduced 

groundwater uses there (OECD, 2015a). 
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First, decision makers should identify which types of barrier are prevalent in their agricultural 
sector. This could be done by interacting with farmers themselves, extension services, researchers and 

other stakeholders using the list of 18 key barriers provided above. This would also help avoid 

expenditure on ineffective programmes. Although farmers have mentioned a lack of financial incentives 

as presenting a barrier to their adoption of certain measures (Greiner and Gregg, 2011), they have been 

less supportive of these incentives. This indicates that they would rather adopt different practices to 

maximise efficiency rather than, for example, be paid to reduce fertiliser application (Stuart et al., 

2014). In this case there may have an insufficient level of incentive or a different type of incentive may 

have been more successful. 

Second, policy makers should evaluate which of the identified barriers are of highest priority to 

address. Policy makers will need to reflect on the characteristics of their own sector and region (such as 

the types of production systems, the environmental conditions, the volume of emissions from their 

sector and the relative contribution to their national emissions, as well as the mitigation priorities of 

their nation) when considering which barriers to prioritise. If agriculture is a significant source of 

emissions in their country and large volumes of emissions reductions are required, the sector is likely to 

require transformative changes to its production systems. In this case, the ideal course of action would 

involve a targeted knowledge exchange programme to understand and address underlying values and 

entrenched behaviours within the sector, and engaging stakeholders to jointly identify the changes 

required, possible ways to do so and the policy measures that would send appropriate signals. This may 

take several years if not decades to be successful, but would ultimately enable cheaper and more 

effective policy implementation in the future. In other areas where agricultural emissions are not 

significant and incremental changes may be sufficient to achieve some emissions reductions, removing 

the policy barriers and providing information and incentives where appropriate may be all that is 

necessary.  

Acknowledging remaining uncertainties, this review has identified four categories of barriers to the 

adoption of climate friendly practices in terms of their relative importance and policy relevance, as 

observed in the literature.  

 First, the barriers that have been recognised as important with sufficiently robust evidence in the 

literature can be considered of high priority. These are: the farm-level barrier of an actual or 

perceived lack of financial benefit; the national-level barrier of the actual or perceived effect on 

production, insufficient information and education; and the limited and undeveloped climate 

policy. Responding to these barriers, often via targeted communication and engagement should 

be prioritised as much as possible.  

 A second tier of barriers have a significant influence on the adoption of climate-friendly practices 

but do not have as strong supporting evidence. Three farmer level barriers fit into this category: 

the cost of adoption; hidden and transaction costs; access to credit; and social and cultural 

factors. Perceived carbon leakage and misaligned policies also fit into this category. These should 

also be considered as relative priority areas of actions unless contradictory evidence is found in 

the relevant context.  

 A third tier consists of barriers that could limit the adoption of certain climate-friendly practices: 

land tenure and infrastructure. These areas should warrant attention while also be subject to 

further research in different contexts.  

 A last group of barriers may be worth addressing but are likely not to be the most critical. These 

include behavioural and cognitive factors, farm succession, industry cooperation, administrative 

barriers and policy distortions. In some regions these barriers may represent a significant hurdle 

to the adoption of climate-friendly practices, but in general across OECD countries they play a 

relatively smaller role than some of the other barriers discussed. 
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Selecting the correct instrument to overcome the barriers 

Climate policy should not ignore agriculture, even if the sector may require a certain degree of 

customisation to fully achieve policy aims. For example, there is significant discussion regarding a 

cross-sector carbon tax. While such a tax may be relatively straightforward to apply within the 

transportation or energy sectors, taxing the bio-physical environment is far more complicated. Indeed, 

each methane emitting livestock operation typically raises different breeds of animals of different ages, 

based on different feed, and so on, each of which affect taxable emissions.  

Removing identified barriers should stimulate uptake of climate friendly practices but when that is 

not the case, additional policy actions may be deemed necessary to encourage the uptake of climate-

friendly practices. Where barriers to adoption exist because of the public good nature of adaptation or 

mitigation measures, Pannell (2010) develops a framework to determine the roles for policy depending 

on the respective private and public net benefits. He suggests using positive incentives where public net 

benefits are highly positive and private net benefits close to zero, and extension (i.e. knowledge 

provision) where public net benefits are highly positive and private net benefits slightly positive. For 

example extension would be appropriate for mitigation options with high abatement potential that could 

be achieved at no financial cost to the farmer. In situations where private costs outweigh, or are similar 

to public net benefits, Pannell suggests that technological developments would be the most appropriate 

tool to encourage action. Where the private net benefits outweigh the public net costs no public policy 

action is required, which is also the case for many private adaptation measures. In cases where the 

private net benefits are slightly positive but the public net benefits are highly negative, Pannell (2010) 

recommends negative incentives (i.e. regulations and prohibitions), as in the case of production 

generating significant GHG emissions, for example the over-application of fertiliser. The latter may also 

occur in this context as the result of cumulative private adaptations leading to adverse public good 

outcomes – for example, the over-abstraction of water for irrigation leading to reduced river flows or 

aquifer depletion and the associated negative environmental and recreational externalities.
20

  

Adaptation in agriculture generates predominantly private benefits, unless in cases where public 

goods are provided, such as flood management or coastal area protection. The costs of non-adoption are 

borne by farmers in the form of reduced or lost production and other than ensuring food security, and 

possibly maintaining rural communities, the role for policy in overcoming barriers to adaptation is 

limited and lies primarily in information provision and engagement. However, when costs of adaptation 

are high but provide public benefits to many, the government may consider providing a financial 

contribution. For example, in Italy, the Finance Act of December 2015 empowered the government to 

the introduction of a payment system for ecosystem and environmental services (PSEA). Moreover, 

when the very existence of the agricultural practice is heavily dependent on irrigation, public 

intervention may be justified in order to maintain the positive externalities generated by both the 

agricultural practice and irrigation itself. Zucaro (2014) quantifies these benefits in the Italian 

agricultural context using the choice experiment method. Ignaciuk (2015) and OECD (2017a) discuss in 

more detail when policy actions may be needed to help farmers adapt.  

In the case of mitigation, indirect effects may generate positive private benefits for the farmers, but 

the primary aim is of a public good nature and therefore policy action may be required to overcome 

barriers. In theory it may be useful for government to help overcome implementation barriers to 

mitigation through measures that require an initial investment via cost-share, or possibly other 

instruments such as microfinance, and R&D incentives (Fankhauser et al., 2008). A number of authors 

recommend the use of incentives, or payments to encourage the adoption of climate-friendly policies 

(e.g. Barnes and Toma, 2012) based on studies of farmers’ attitudes towards climate change. Feliciano 

et al. (2014) find the mitigation practices most preferred to be adopted or expanded in future by farmers 

                                                      
20. Meta-analyses of on the adoption of conservation or best management practices, could provide 

interesting insights into the most effective instruments in particular contexts (see, for example, 

Baumgart-Getz et al., 2012; Prokopy et al. 2008).  
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in Scotland are those that reduce costs and increase profit, and the authors suggest that some incentive 

may be required to increase the adoption of the least preferred mitigation practices, and those that 

produce public goods, such as peat-land restoration. “Nudging” farmers, i.e. conveying information to 

them on other farmer’s decisions may help to increase adoption rate (Kuhfuss et al., 2015). At the same 

time, such incentive programmes are not sufficient if other barriers are not accounted for; as argued in 

this report even income generating (negative costs) measures may not be adopted by farmers in all 

cases. Furthermore certain incentive measures may also lead to unwanted effects (crowding out). 

The analysis highlights two main approaches that could be adapted to different circumstances: 

first, the revisions of policies that counteract the objectives of climate-friendly agriculture, and, second, 

the introduction of targeted initiatives that will directly help remove the identified key barriers. This 

doesn't contradict the need to adapt the type of policy response to the identified priority barriers and the 

local or national agricultural context. In countries where agriculture constitutes a large proportion of 

emissions, the sector is likely to require significant adjustments, such as shifts in production type, 

location or farming system. In this case, governments should offer targeted knowledge enhancing 

programme with the goal of understanding values and lowering the role of entrenched behaviours within 

the sector. To do so they should engage with relevant stakeholders to jointly assess the required 

changes, identify possible ways to do so and select the policy measures that would send appropriate 

signals. In contrast, governments of countries where agricultural emissions make up a lower proportion 

of the country’s GHG emissions, and where incremental changes may be sufficient to achieve some 

emissions reductions, should thrive to remove existing policy barriers and to provide information and 

incentives for action where appropriate. 

A case study from Scotland reports the promises of innovative targeted and customised initiatives 

to reduce farmers’ emissions (Box 4). This approach addresses some of the barriers identified 

throughout the report in a relatively low-cost way. Other countries have implemented similar 

programmes, including Switzerland and France. 

 

Box 4. Farming For a Better Climate in Scotland 

Farming For a Better Climate (FFBC) is a policy initiative by the Scottish Government and provided by Scotland’s 
Rural College. It works with farmers to find ‘practical ways to move towards a more profitable, low carbon future, adapt to 
a changing climate and secure farm viability for future generations’ (SG, 2008). The Scottish Government (SG) aims to 
deliver reduction targets within the agricultural sector, partly though a voluntary approach and the FFBC initiative 
provides a framework for promoting relevant actions by farmers, across five key areas: (a) using energy and fuels 
efficiently; (b) developing renewable energy, (c) locking carbon into the soil and vegetation, (d) optimising the application 
of fertiliser and manures, and (e) optimising livestock management and storage of waste. 

By basing the scheme around volunteer Climate Change Focus Farmers and their farmer discussion groups, it 
immediately breaks down some of the barriers discussed in this report. By providing an opportunity for discussion, 
demonstrations and implementation of some of the climate-friendly practices within the five key areas, the scheme 
addresses any information deficit among farmers, but furthermore it may also target some of the behavioural barriers. 
Social concerns around cultural capital, being seen to be a good farmer, and practical concerns around productivity and 
cost can be addressed through farmers engaging with each other and being directly involved. The practices adopted are 
tailored to the specific characteristics (location, farm type etc.) of the focus farm. Farmers within the discussion groups 
can observe and be involved in these practices, see the outcomes and discuss with their colleagues the pros and cons, 
challenges and practicalities. Sources trusted by farmers (advisory services; industry specialists) are involved, and 
concrete evidence is shown on commercial farms rather than research stations. 

Evidence of the impact of FFBC measures the environmental and financial performance of farms and has 
demonstrated through the FFBC Focus Farm programme. For the first round of Climate Change Focus Farmers from 
2010 to 2013, the four volunteer farms, on average, reduced their carbon footprint by around 10% with no loss of 
production. Savings ranged from GBP 11 000 to 37 000 with additional financial savings and carbon savings likely in the 
future as measures continue to take effect (personal communication with R. Audsley, 2016). 

Though the policy has yet to be formally evaluated, it is argued that the policy is effective for the following reasons: 
i) the focus farms allow demonstration or trial of mitigation and adaptation measures; ii) the on farm meetings give 
farmers the opportunity to see and hear a range of other ideas and exchange information with both industry specialists 
and other working farmers about the effectiveness/costs/time regarding some of these measures; iii) the webpages and 
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social media accounts also provide additional information as to what others have done to improve farm efficiency and 
reduce the farm carbon footprint as a result of these actions. 

FFBC is relatively simple to implement as it is an adaptation of a successful knowledge exchange programme (focus 
farms) that have been shown to be successful for improving business performance. Clearly its ultimate success must be 
measured by the uptake of the practices among farmers throughout Scotland, and evidence of this is not yet available. 
The government has indicated if sufficient emissions reductions from agriculture are not achieved it will consider a 
regulatory approach. However, it appears that this voluntary approach fosters a positive attitude towards climate-friendly 
practices among farmers rather than creating defensiveness and scepticism. 

Source: Scottish Government (2008), “Farming for a Better Climate”, Edinburgh. 
www.gov.scot/Topics/farmingrural/Agriculture/Environment/climatechange/Advice 
 Program website: www.sruc.ac.uk/climatechange/farmingforabetterclimate/.  

 

www.gov.scot/Topics/farmingrural/Agriculture/Environment/climatechange/Advice
www.sruc.ac.uk/climatechange/farmingforabetterclimate/


OVERCOMING BARRIERS TO THE ADOPTION OF CLIMATE-FRIENDLY PRACTICES IN AGRICULTURE – 29 

 

 

 

OECD FOOD, AGRICULTURE AND FISHERIES PAPERS N°101 © OECD 2017 

References 

Adger, W. N. et al. (2011), “This Must Be the Place: Underrepresentation of Identity and Meaning in 

Climate Change Decision-Making”, Global Environmental Politics, 11, 1-25. 

Adger, W. N. et al. (2009), “Are there social limits to adaptation to climate change?” Climatic Change, 

93, 335-354. 

Agrawal, A. (2008), “The role of local institutions in livelihoods adaptation to climate change”, Paper 

prepared for the Social Dimensions of Climate Change, Social Development Department, The World 

Bank, Washington DC, March 5-6, 2008 

Alcott, B. (2005), “Jevons’ Paradox”, Ecological Economics, 54, 9-21. 

Anastasiadis, S. et al. (2012), “The mitigation of nutrient loss from New Zealand agriculture: separating 

the probable from the possible”, Motu Economic and Public Policy Research, Wellington, New 

Zealand. 

Annan, F. and W. Schlenker (2015), “Federal Crop Insurance and the Disincentive to Adapt to Extreme 

Heat." American Economic Review, Vol. 105, N. 5, pp. 262-66. 

Arbuckle, J. G. et al. (2015), “Understanding Farmer Perspectives on Climate Change Adaptation and 

Mitigation - The Roles of Trust in Sources of Climate Information, Climate Change Beliefs, and 

Perceived Risk”, Environ Behav, 47 (2), 205-234. 

Arbuckle, J. G. et al. (2013), “Climate change beliefs, concerns, and attitudes toward adaptation and 

mitigation among farmers in the Midwestern United States”,Climatic Change, 117, 943-950. 

Barcley, E. et al. (2005), “Farm succession and inheritance: comparing Australian and international 

trends”, Armidale, Australia Rural Industries Research and Development Corporation, Institute for 

Rural Futures, University of New England. 

Bardi, A., and S.H. Schwarz (2003), “Values and behaviour: strength and structure of relations”, 

Personality and psychology bulletin 29, 1207-1220. 

Barnes, A., and L. Toma (2012), “A typology of dairy farmer perceptions towards climate change”, 

Climatic Change, 112, 507-522. 

Baumgart-Getz, A. et al. (2012), “Why farmers adopt best management practice in the United States: 

A meta-analysis of the adoption literature”, Journal of Environmental Management, 96, 17-25. 

Bellassen, V. et al. (2015), “Monitoring, reporting and verifying emissions in the climate economy”, 

Nature Climate Change, 5, 319-328. 

Bika, Z. (2007), “The Territorial Impact of the Farmers' Early Retirement Scheme”, Sociologia Ruralis, 

47, 246-272. 

Buffett, H. (2016), Farmer and CEO of international soil conservation and food security foundation 

showcase, USDA Agricultural Outlook Forum 2016, USDA. Washington DC. 

http://www.usda.gov/oce/forum/index.htm  

Burton, R. J. F.(2004a), “Seeing Through the "Good Farmer’s" Eyes: Towards Developing an 

Understanding of the Social Symbolic Value of "Productivist" Behaviour”, Sociologia Ruralis, 44, 

195-215. 



30 – OVERCOMING BARRIERS TO THE ADOPTION OF CLIMATE-FRIENDLY PRACTICES IN AGRICULTURE 

 

 

OECD FOOD, AGRICULTURE AND FISHERIES PAPERS N°101 © OECD 2017 

Burton, R. J. F. (2004b), “Seeing Through the ‘Good Farmer’s’ Eyes: Towards Developing an 

Understanding of the Social Symbolic Value of ‘Productivist’ Behaviour”, Sociologia Ruralis, 44, 

195-215. 

Burton, R. J. F. et al. (2008), “Exploring farmers’ cultural resistance to voluntary agri-environmental 

schemes”, Sociologia Ruralis, 48, 16-37. 

Carlton, J. S. et al. (2015), “The effects of extreme drought on climate change beliefs, risk perceptions, 

and adaptation attitudes”, Climatic Change, 135, 211-226. 

Claassen, R. and M. Morehart, M. (2009), “Agricultural Land Tenure and Carbon Offsets”, US 

Department of Agriculture, Economic Research Service. 

Clark, G. M. and J.A. Johnson, (1993), “Farm woodlands in the central belt of Scotland: a socio-

economic critique”, Scottish Forestry, 47, 15-24. 

Condon, M. and A. Ignaciuk (2013), “Border Carbon Adjustment and International Trade: A Literature 

Review”, OECD Trade and Environment Working Papers, No. 2013/06, OECD Publishing, Paris. 

DOI: http://dx.doi.org/10.1787/5k3xn25b386c-en 

Cooper, M. H. et al.(2013), “Policy challenges for livestock emissions abatement: lessons from New 

Zealand”, Climate Policy, 13, 110-133. 

Cooper, M. H. and C. Rosin (2014), “Absolving the sins of emission: The politics of regulating 

agricultural greenhouse gas emissions in New Zealand”, Journal of Rural Studies, 36, 391-400. 

Crompton, T. (2010), “Common Cause: The case for working with our cultural values”, World Widlife 

Fund (WWF) United Kingdom.  

Daberkow, S. G. and W.D. McBride (2003), “Farm and Operator Characteristics Affecting the 

Awareness and Adoption of Precision Agriculture Technologies in the U.S.”, Precision Agriculture, 

4, 163-77. 

Dandy, N. (2012), “Understanding private land-manager decision-making. A framework for forestry”, 

Farnham: Forest Research. 

Davis, J. et al. (2009), “Economics of farmer early retirement policy”, Applied Economics, 41, 35-43. 

De Cara, S. and P.A. Jayet (2011), “Marginal abatement costs of greenhouse gas emissions from 

European agriculture, cost-effectiveness, and the EU non-ETS burden sharing agreement”, Ecological 

Economics, 70, 1680-1690. 

Dessai, S. and M. Hulme (2007), "Assessing the robustness of adaptation decisions to climate change 

uncertainties: A case study on water resources management in the East of England", Global 

Environmental Change. 17: p. 59-72. 

Dessai, S., and J. van der Slujis (2007), “Uncertainty and climate change adaptation - a scoping study”. 

A joint project between Copernicus Institute of Utrecht University, Tyndall Centre for Climate 

Change Research, UK, and School of Environmental Sciences, University of East Anglia, Norwich. 

Diederen, P et al. (2003), “Innovation adoption in agriculture: innovators, early adopters and laggards”, 

Cahiers d'économie et sociologie rurales, 67, 30-50. 

Dittrich, R., et al. (2016a), “A survey of decision-making approaches for climate change adaptation: Are 

robust methods the way forward?”, Ecological Economics, 122, 79-89. 

Dittrich, R., et al. (2016b), “The impact of flood action groups on the uptake of flood management 

measures”, Climatic Change, doi:10.1007/s10584-016-1752-8. 

Duesberg, S., et al. (2013), “To plant or not to plant – Irish farmers’ goals and values with regard to 

afforestation”, Land Use Policy, 32, 155-164. 



OVERCOMING BARRIERS TO THE ADOPTION OF CLIMATE-FRIENDLY PRACTICES IN AGRICULTURE – 31 

 

 

 

OECD FOOD, AGRICULTURE AND FISHERIES PAPERS N°101 © OECD 2017 

Eakin, H. et al. (2015), “Cognitive and institutional influences on farmers’ adaptive capacity: insights 

into barriers and opportunities for transformative change in central Arizona”, Regional 

Environmental Change, 16, 801-814. 

Errington, A. (2002), “Handing over the reins: A comparative study of intergenerational farm transfers in 

England, France and Canada”. Xth EAAE Congress ‘Exploring Diversity in the European Agri-Food 

System, 28-31 August 2002, Zaragoza, Spain. 

Falconer, K. (2000), “Farm-level constraints on agri-environmental scheme participation: a transactional 

perspective”, Journal of Rural Studies, 16, 379-394. 

Falconer, K. and Saunders, C.( 2002), “Transaction costs for SSSIs and policy design”, Land Use Policy 

Vol. 19, N.2, pp. 157-166. 

Fankhauser, S., et al. (2008), Economic and policy instruments to promote adaptation, in S. Agrawala 

and S. Fankhauser (eds.), Economic Aspects of Adaptation to Climate Change: Costs, Benefits and 

Policy Instruments, OECD, Paris. 

Feliciano, D. et al. (2014), “Climate change mitigation options in the rural land use sector: Stakeholders’ 

perspectives on barriers, enablers and the role of policy in North East Scotland”, Environmental 

Science and Policy, 44, 26-38. 

Fischer, H. and R. J. F. Burton (2014), “Understanding Farm Succession as Socially Constructed 

Endogenous Cycles”, Sociologia Ruralis, 54, 417-438. 

Ford, J.D (2011), “A systematic review of observed climate change adaptation in developed nations” 

Climatic Change, 106, 2, 327-336. 

Foudi, S., and K. Erdlenbruch (2012), “The role of irrigation in farmers' risk management strategies in 

France”, European Review of Agricultural Economics, 39, 439-457. 

Frost, F. M. (2000), “Value orientations: impact and implications in the extension of complex farming 

systems”, Australian Journal of Experimental Agriculture, 40. 

Frisvold, G.B and S. Deva (2012) “Farm size, irrigation practices, and conservation program 

participation in the US southwest”, Irrigation and Drainage, 61, 5, 569-582. 

Gasson, R. (1973) “Goals and values of farmers”, Journal of Agricultural Economics, 24, 521-542. 

Gerber, P. et al. (2010), “Policy options in addressing livestock’s contribution to climate change”, 

Animal, 4, 393-406. 

Geroski P.A. (2000), “Models of technology diffusion”, Research Policy, vol. 29, pp. 603-625. 

Giannakis, E. and A. Bruggeman (2015), “The highly variable economic performance of European 

agriculture”, Land Use Policy, 45, 26-35. 

Gillmor, D. A. (1999), “The Scheme of Early Retirement from Farming in the Republic of Ireland”, Irish 

Geography, 32, 78-86. 

Greiner, R. and D. Gregg (2011), “Farmers’ intrinsic motivations, barriers to the adoption of 

conservation practices and effectiveness of policy instruments: Empircal evidence from northern 

Australia”, Land Use Policy, 28, 257 - 265. 

Griliches, Z. (1957), “Hyrbid corn: An exploration in the economics of technological change”, 

Econometrica, Vol. 25, N. 3, pp. 501-522. 

Grolleau G., (2014), “Analyzing incentive mechanisms behind the provision of ecosystem services 

delivered by soils” (ECOSOL), INRA. http://www.gessol.fr/analyzing-incentive-mechanisms-behind-

provision-ecosystem-services-delivered-soils-ecosol 

Grosjean, G., et al. (2016), “Options to overcome the barriers to pricing European agricultural 

emissions”, Climate Policy, DOI: 10.1080/14693062.2016.1258630. 



32 – OVERCOMING BARRIERS TO THE ADOPTION OF CLIMATE-FRIENDLY PRACTICES IN AGRICULTURE 

 

 

OECD FOOD, AGRICULTURE AND FISHERIES PAPERS N°101 © OECD 2017 

Grothmann, T. and A. Patt (2005), “Adaptive capacity and human cognition: The process of individual 

adaptation to climate change”, Global Environmental Change, 15, 199-213. 

G20 (2017a), “G20 Agriculture Ministers’ Action Plan 2017- Towards food and water security: 

Fostering sustainability, advancing innovation”, G20 German Presidency, Berlin, January 22 2017. 

www.bmel.de/SharedDocs/Downloads/EN/Agriculture/GlobalFoodSituation/G20_Action_Plan2017_

EN.pdf?__blob=publicationFile  

G20 (2017b), “G20 Agriculture Ministers’ Declaration 2017-Towards food and water security: Fostering 

sustainability, advancing innovation”, G20 German Presidency, Berlin, January 22 2017. 

www.bmel.de/SharedDocs/Downloads/EN/Agriculture/GlobalFoodSituation/G20_Declaration2017_

EN.pdf;jsessionid=48AF37D05D7C0366B55297B7217593BE.2_cid376?__blob=publicationFile 

Grubbstroem, A. et al. (2012), “Estonian family farms in transition: A study of intangible assets and 

gender issues in generational succession”, Journal of Historical Geography, 38, 329-339. 

GSI (Global Studies Initiative) (2010), “Measuring irrigation subsidies: Policy recommendations from a 

Spanish case study”, Global Studies Initiative, I. I. f. S. D. (ed.) Policy Brief, Geneva. 

Hall, C. and A. Wreford (2012), “Climate change adaptations: The views of stakeholders in the livestock 

industry”, Mitigation and Adaptation Strategies for Global Change, 17, 207-222. 

Hallegatte, S. (2009), “Strategies to adapt to an uncertain climate”, Global Environmental Change, 19, 

240-247. 

Hallegatte, S. et al. (2012), “Investment decision making under deep uncertainty--application to climate 

change”, in: Bank, W. (ed.) Policy Research Working Paper Series: 6193, Washington, D.C. 

Hayami, Y., and V. W. Ruttan (1985), Agricultural Development: An International Perspective, 

Baltimore, The John Hopkins Press. 

Hornsey, M. J. et al. (2016), “Meta-analyses of the determinants and outcomes of belief in climate 

change”, Nature Climate Change, advance online publication. 

Hoving, I. E. et al. (2014). “Adaptation of livestock systems to climate change; functions of grassland, 

breeding, health and housing”, Wageningen, Netherlands. 

Howden, S. M. et al. (2007), “Adapting agriculture to climate change”, Proceedings of the National 

Academy of Sciences, 104, 19691-19696. 

Huan-Niemi, E. et al. (2015), “Forecasting mitigation measures for agricultural greenhouse gas 

emissions in Finland”, 29th International Conference of Agricultural Economists. Milan, Italy, 

August 8-14. http://ageconsearch.umn.edu/bitstream/211751/2/Huan-Niemi-

Forecasting%20mitigation%20measures%20for%20agricultural%20greenhouse%20gas%20emission

s-904.pdf 

Iglesias, A. et al. (2007), “Adaptation to climate change in the agricultural sector”, Report to European 

Commission Directorate-General for Agriculture and Rural Development, Brussels. 

Ignaciuk, A. (2015) “Adapting agriculture to climate change; a role for public policies”, OECD Food, 

Agriculture and Fisheries Papers, No. 85, OECD Publishing, Paris. 

Ingram, J. and J. Kirwan (2011), “Matching new entrants and retiring farmers through farm joint 

ventures: Insights from the Fresh Start Initiative in Cornwall, UK”, Land Use Policy, 28, 917-927. 

IPCC (Intergovernmental Panel on Climate Change) (2006), “IPCC Guidelines for National Greenhouse 

Gas Inventories”, Prepared by the National Greenhouse Gas Inventories Programme. In: Eggleston 

H.S et al. (eds.), IGES, Japan. 

Irwin, A. and B. Wynne (1996), “Misunderstanding Science? The public reconstruction of science and 

technology”, Cambridge, Cambridge University Press. 

Jenkins, G.J., et al. (2009), “UK climate projections”, Briefing report, Exeter, UK. 

www.bmel.de/SharedDocs/Downloads/EN/Agriculture/GlobalFoodSituation/G20_Declaration2017_EN.pdf;jsessionid=48AF37D05D7C0366B55297B7217593BE.2_cid376?__blob=publicationFile
www.bmel.de/SharedDocs/Downloads/EN/Agriculture/GlobalFoodSituation/G20_Declaration2017_EN.pdf;jsessionid=48AF37D05D7C0366B55297B7217593BE.2_cid376?__blob=publicationFile


OVERCOMING BARRIERS TO THE ADOPTION OF CLIMATE-FRIENDLY PRACTICES IN AGRICULTURE – 33 

 

 

 

OECD FOOD, AGRICULTURE AND FISHERIES PAPERS N°101 © OECD 2017 

Jones, G. E. (1963), “The diffusion of agricultural innovations”, Journal of Agricultural Economics, 15, 

387-409. 

Karali, E. et al. (2014), “Identifying the factors that influence farmer participation in environmental 

management practices in Switzerland”, Human Ecology, 42, 951-963. 

Karrer, S.L. (2012), Swiss farmers’ perception of and response to climate change, PhD dissertation ETH 

ZURICH - DISS. ETH NO. 20410 

Karshenas M. and P. Stoneman (1995), “Technological diffusion”, in Stoneman P. (ed.), Handbook of 

the Economics of Innovation and Technological Change, Oxford, Blackwell. 

Kates, R. W. et al. (2012), “Transformational adaptation when incremental adaptations to climate change 

are insufficient”, Proceedings of the National Academy of Sciences, 109, 7156-7161. 

Knickel, K. et al. (2009), “Towards a Better Conceptual Framework for Innovation Processes in 

Agriculture and Rural Development: From Linear Models to Systemic Approaches”, The Journal of 

Agricultural Education and Extension, 15, 131-146. 

Knowler, D. and B. Bradshaw (2007), “Farmers’ adoption of conservation agriculture: A review and 

synthesis of recent research”, Food Policy, 32, 25-48. 

Kuehne, G. (2013), “My decision to sell the family farm”, Agriculture and Human Values, 30, 203-213. 

Kuhfuss L. et al. (2015), “Nudges, social norms and permanence in agri-environmental schemes”, 

University of St. Andrews Discussion papers in Environmental Economics no 2015-15, University of 

St. Andrews, United Kingdom. http://www.st-andrews.ac.uk/media/dept-of-geography-and-

sustainable-development/pdf-s/DP%202015%2015%20Kuhfuss%20et%20al.pdf   

Laepple, D. and T. Hennessy (2012), “The capacity to expand milk production in Ireland following the 

removal of milk quotas”, Irish Journal of Agricultural and Food Research, 51, 1-11. 

Lankoski, J. (2016), “Alternative payment approaches for biodiversity conservation in agriculture”, 

OECD Food, Agriculture and Fisheries Papers, No. 93, OECD Publishing, Paris. DOI: 

http://dx.doi.org/10.1787/5jm22p4ptg33-en 

Lee, H.-C. et al. (2006), “Leakage and Comparative Advantage Implications of Agricultural Participation 

in Greenhouse Gas Emission Mitigation”, Mitigation and Adaptation Strategies for Global Change, 

12, 471-494. 

Leip, A. et al. (2010), “Evaluation of the livestock sector’s contribution to the EU greenhouse gas 

emissions (GGELS) – Final report”,. European Commission, Joint Research Centre, Ispra, Italy.  

Lempert, R. J. and M. E. Schlesinger (2000), “Robust strategies for abating climate change”, Climatic 

Change, 45, 387-401. 

Liberman, N. et al. (2002), “The effect of temporal distance on level of mental construal”, Journal of 

experimental Social Psychology, 38, 523-534. 

Linnerooth-Bayer, J. and S. Hochrainer-Stigler (2014), “Financial instruments for disaster risk 

management and climate change adaptation”, Climatic Change. 

Lokhorst, A. M. et al. (2011), “What’s in it for me? Motivational differences between farmers’ 

subsidised and non-subsidised conservation practices”, Applied Psychology, 60, 337-353. 

Lyle, G. (2015), “Understanding the nested, multi-scale, spatial and hierarchical nature of future climate 

change adaptation decision making in agricultural regions: A narrrative literature review”, Journal of 

Rural Studies, 37, 38-49. 

MacLeod, M., et al. (2015),. “Cost-Effectiveness of Greenhouse Gas Mitigation Measures for 

Agriculture: A Literature Review”, OECD Food, Agriculture and Fisheries Papers, No. 89, OECD 

Publishing, Paris. http://dx.doi.org/10.1787/5jrvvkq900vj-en 



34 – OVERCOMING BARRIERS TO THE ADOPTION OF CLIMATE-FRIENDLY PRACTICES IN AGRICULTURE 

 

 

OECD FOOD, AGRICULTURE AND FISHERIES PAPERS N°101 © OECD 2017 

Mann, S. (2007), “Understanding Farm Succession by the Objective Hermeneutics Method”, Sociologia 

Ruralis, 47, 369-383. 

Marshall, N.A., et al. (2016), “Some primary producers are more likely to transform their agricultural 

practices in response to climate change than others”, Agriculture, Ecosystems & Environment, 222, 

38-47. 

Marshall, N. A. et al. (2012), “Transformational capacity and the influence of place and identity”, 

Environmental Research Letters, 7, 034022. 

Maybery, D. et al. (2005), “Categorising farming values as economic, conservation and lifestyle”, 

Journal of Economic Psychology, 26, 59 - 72. 

Mettepenningen, E. et al. (2009), “Measuring private transaction costs of European agri-environmental 

schemes”, Journal of Environmental Planning and Management, Vol. 52, pp. 649-667.  

Meynard, M. et al. (2013), « Freins et leviers à la diversification des cultures », Etude au niveau des 

exploitations agricoles et des filières. Synthèse du rapport d'étude, INRA, 52 p. 

Moran, D. et al. (2011), “Marginal Abatement Cost Curves for UK Agricultural Greenhouse Gas 

Emissions”, Journal of Agricultural Economics, 62, 93-118. 

Moran, D. et al. (2013), “Mitigation win-win”, Nature Climate Change, 3, 611 - 613. 

Morgan, M. I. et al. (2015), “Landholder adoption of low emission agricultural practices: A profiling 

approach”, Journal of Environmental Psychology, 41, 35-44. 

New Zealand Agricultural Greenhouse Gas Research Centre (2014), “Reducing New Zealand’s 

agricultural greenhouse gas emissions: How we are getting there”, New Zealand Agricultural 

Greenhouse Gas Research Centre and Pastoral Greenhouse Gas Research Consortium, New Zealand. 

New Zealand Government (2014), “Legislative changes to the New Zealand Emissions Trading Scheme 

(NZ ETS)” New Zealand. Available: https://www.climatechange.govt.nz/emissions-trading-

scheme/ets-amendments/ Accessed 3 March 2016. 

Niles, M. T. et al. (2013), “Perceptions and responses to climate policy risks among California farmers”, 

Global Environmental Change, 23, 1752-1760. 

Niles, M. T. et al. (2015), “How limiting factors drive agricultural adaptation to climate change”, 

Agriculture, Ecosystems and Environment, 200, 178-185. 

Niles, M. T. et al. (2016), “Farmer’s intended and actual adoption of climate change mitigation and 

adaptation strategies”, Climatic Change, 135, 277-295. 

Noble, I. R.et al. (eds.) (2014), Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: 

Global and Sectoral Aspects, Contribution of Working Group II to the Fifth Assessment Report of 

the Intergovernmental Panel of Climate Change, Cambridge University Press, Cambridge, United 

Kingdom and New York, NY, USA. 

Ockwell, D. et al. (2009), “Reorienting climate change communication for effecive mitigation: Forcing 

people to be green or fostering grass-roots engagement?”, Science Communication, 30, 305-327. 

OECD (2017a), Agricultural policy review – The Philippines, OECD Publishing, forthcoming. 

OECD (2017b), “Managing water risks for agriculture: a discussion with the private sector- summary of 

the workshop”, OECD, Paris. http://www.oecd.org/tad/events/WorkshopSummaryJan2017.pdf  

OECD (2016a), “Synergies and trade-offs between agricultural productivity and climate change 

mitigation and adaptation: Dutch case study” [COM/TAD/CA/ENV/EPOC(2016)7/FINAL], OECD, 

Paris.  

OECD (2016b), “Synergies and trade-offs between agricultural productivity and climate change 

mitigation and adaptation: French case study” [COM/TAD/CA/ENV/EPOC(2016)6/FINAL], OECD, 

Paris. 



OVERCOMING BARRIERS TO THE ADOPTION OF CLIMATE-FRIENDLY PRACTICES IN AGRICULTURE – 35 

 

 

 

OECD FOOD, AGRICULTURE AND FISHERIES PAPERS N°101 © OECD 2017 

OECD (2015a), Drying Wells, Rising Stakes: Towards Sustainable Agricultural Groundwater Use, 

OECD Studies on Water, OECD Publishing, Paris. http://dx.doi/10.1787/978926423870-en. 

OECD (2015b), Fostering Green Growth in Agriculture: The Role of Training, Advisory Services and 

Extension Initiatives, OECD Green Growth Studies, OECD Publishing, Paris. 

http://dx.doi.org/10.1787/9789264232198-en  

OECD (2015c), The Economic Consequences of Climate Change, OECD Publishing, Paris. 

http://dx.doi.org/10.1787/9789264235410-en 

OECD (2013), OECD Compendium of Agri-environmental Indicators, OECD Publishing, Paris. 

DOI:http://dx.doi.org/10.1787/9789264186217-en  

OECD (2012), Farmer Behaviour, Agricultural Management and Climate Change, OECD Publishing, 

Paris. http://dx.doi.org/10.1787/9789264167650-en 

Osorio, C. G. et al.(2011), “Who is benefiting from fertiliser subsidies in Indonesia?”, World Bank 

Policy Research Working Paper 5758: World Bank. 

Padel, S. (2001), “Conversion to Organic Farming: A Typical Example of the Diffusion of an 

Innovation?”, Sociologia Ruralis, 41. 

Pannell, D. (2010), “Public benefits, private benefits, and policy mechanism choice for land-use change 

for environmental benefits”, Land Economics, 84, 225-240. 

Park, S.E. et al. (2012), “Informing adaptation responses to climate change through theories of 

transformation”, Global Environmental Change, 22, 115-126. 

Paudel, K. P. et al.. (2012), “Adoption and Nonadoption of Precision Farming Technologies by Cotton 

Farmers”, 2012 annual meeting of the Agricultural and Applied Economics Association, Seattle, 

Washington. 

Pellerin, S. et al. (2013), “How can French agriculure contribute to reducing greenhouse gas emissions? 

Abatement potential and cost of ten technical measures”, INRA, France. 

Porter, J.R., et al. (2014), “Food security and food production systems”. In Field, C.B. et al. (eds.), 

Climate Change (2014): Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral 

Aspects. Contribution of Working Group II to the Fifth Assessment Report of the Intergovernmental 

Panel on Climate Change, Cambridge University Press, Cambridge, United Kingdom and New York, 

pp. 485-533. 

Prokopy, L. S., et al. (2008), “Determinants of agricultural best management practice adoption: Evidence 

from the literature”, Journal of Soil and Water Conservation vol 63, No. 5, pp. 300-311. 

Renaudeau, D. et al. (2012), “Adaptation to hot climate and strategies to alleviate heat stress in livestock 

production”, Animal, 6, 707-728. 

Renwick, A.and A. Wreford (2011), “Climate change and Scottish agriculture: An end to freedom to 

farm?”, International Journal of Sociology of Agriculture and Food, 18, 181-198. 

Richards, M., et al. (2014), “Conservation agriculture: Implementation Guidance for Policymakers and 

Investors”, Climate-Smart Agriculture Practice Brief, FAO, Rome. 

Riley, M. (2011), “Letting them go – Agricultural retirement and human-livestock relations”, Geoforum, 

42, 16-27. 

Riley, M. (2012), “Moving on? Exploring the geographies of retirement adjustment amongst farming 

couples”, Social & Cultural Geography, 13, 759-781. 

Riley, M. (2015), “Still Being the ‘Good Farmer’: (Non-)retirement and the Preservation of Farming 

Identities in Older Age”, Sociologia Ruralis. 

http://dx.doi/10.1787/978926423870-en
http://dx.doi.org/10.1787/9789264232198-en
http://dx.doi.org/10.1787/9789264235410-en
http://dx.doi.org/10.1787/9789264186217-en
http://dx.doi.org/10.1787/9789264167650-en


36 – OVERCOMING BARRIERS TO THE ADOPTION OF CLIMATE-FRIENDLY PRACTICES IN AGRICULTURE 

 

 

OECD FOOD, AGRICULTURE AND FISHERIES PAPERS N°101 © OECD 2017 

Robertson, M. and R. Murray-Prior (2016), “Five reasons why it is difficult to talk to Australian farmers 

about the impacts of, and their adaptation to, climate change”, Regional Environmental Change, 

Vol. 16, pp 189-198. doi:10.1007/s10113-014-0743-4 

Roccas, S. and L. Sagiv (2010), “Personal values and behaviour: taking the cultural context into 

account”, Social and Personality Psychology Compass, 4, 30-41. 

Rochecouste, J.-F. et al. (2015), “An analysis of the socio-economic factors influencing the adoption of 

conservation agriculture as a climate change mitigation activity in Australian dryland grain 

production”, Agricultural Systems, 135, 20-30. 

Rode, J., et al. (2015), Motivation crowding by economic incentives in conservation policy: A review of 

the empirical evidence, Ecological Economics, Vol. 117, pp. 270-282.  

Rørstad, P.K., et al. (2007), “Why do transaction costs of agricultural policies vary?”, Agricultural 

Economics, Vol.36, p. 1-11.  

Rosenzweig, C. and F.N. Tubiello (2007) Adaptation and mitigation strategies in agriculture:an analysis 

of potential synergies., Mitigation and Adaptation Strategies for Global Change. 12: p. 855-873. 

Rosin, C. (2013), “Food security and the justification of productivism in New Zealand”, Journal of Rural 

Studies, 29, 50-58. 

Sánchez, B. et al. (2016), “Management of agricultural soils for greenhouse gas mitigation: Learning 

from a case study in NE Spain”, Journal of Environmental Management, 170, 37-49. 

Sanchez, B.et al. (2014), “Towards mitigation of greenhouse gases by small changes in farming 

practices: understanding local barriers in Spain”, Mitigation and Adaptation Strategies for Global 

Change, 1-34. 

Schulte, R. et al. (2012), “A marginal abatement cost curve for Irish agriculture”, Teagasch, Ireland. 

Schwarz, S.H. (2006), “Basic human values: an overview”, The Hebrew University of Jerusalem, 

Jerusalem. 

Shogren,J. (2012), "Behavioural Economics and Environmental Incentives", OECD Environment 

Working Papers, No. 49, OECD Publishing, Paris. http://dx.doi.org/10.1787/5k8zwbhqs1xn-en  

Slee, B. et al. (2006), “Habitus and style of farming in explaining the adoption of environmental 

sustainability-enhancing behaviour”, DEFRA, University of Gloucestershire. 

Smith, P., et al. (2007a), Agriculture, in Metz, B. et al. (eds.) , Climate Change 2007: Mitigation. 

Contribution of Working Group III to the Fourth Assessment Report of the Intergovernmental Panel 

on Climate Change, Cambridge University Press, Cambridge, United Kingdom and New York. 

Smith, P. et al. (2007b), “Policy and technological constraints to implementation of greenhouse gas 

mitigation options in agriculture”, Agriculture, Ecosystems and Environment, 118, 6-28. 

Smith, P. et al. (2008), “Greenhouse gas mitigation in agriculture”, Philosophical Transactions of the 

Royal Society of London B: Biological Sciences, 363, 789-813. 

Spence, A. et al. (2012), “The psychological distance of climate change”, Risk Analysis, 32, 957-972. 

Stoneman P. (1983), The Economic Analysis of Technological Change, Oxford, Oxford University Press. 

Stuart, D. et al. (2014), “Reducing nitrogen fertiliser application as a climate change mitigation strategy: 

Understanding farmer decision-making and potential barriers to change in the US”, Land Use Policy, 

36, 210-218. 

Stuart, D. et al. (2012), “Responding to climate change: barriers to reflexive modernization in U.S. 

agriculture”, Organization and Environment, Vol. 25, N. 3, pp. 308-327.  

Sunding, D. and D. Zilberman (2001), “The agricultural innovation process: research and technology 

adoption in a changing agricultural sector”, in: Gardner, B. and G. Rausser (eds.), Handbook of 

Agricultural Economics, Elsevier Science. 

http://dx.doi.org/10.1787/5k8zwbhqs1xn-en


OVERCOMING BARRIERS TO THE ADOPTION OF CLIMATE-FRIENDLY PRACTICES IN AGRICULTURE – 37 

 

 

 

OECD FOOD, AGRICULTURE AND FISHERIES PAPERS N°101 © OECD 2017 

Thareau B., et al. (2015), “ Mobiliser les agriculteurs pour le climat sans en parler... Réflexions sur des 

apprentissages inachevés ”, Revue d’Études en Agriculture et Environnement, Vol. 96, N. 4, pp 569-

598. 

Thirtle C.G. and V.W. Ruttan (1987), “The role of demand and supply in the generation of technological 

change”, Fundamentals of Pure and Applied Economics Series, vol. 21. 

van Dijl, E. A. et al. (2015), “Determinants of adoption of drought adaptations among vegetable growers 

in Florida”, Journal of Soil and Water Conservation, 70, 218-231. 

van Doorslaer, B. et al. (2015), “An economic assessment of GHG mitigation policy options for 

EU agriculture”, Publications Office of the European Union. 

Vanslembrouck, I. et al. (2002), “Determinants of the Willingness of Belgian Farmers to Participate in 

Agri-environmental Measures, Journal of Agricultural Economics, 53, 489-511. 

Vatn, A. (2002), “Multifunctional agriculture: some consequences for international trade regimes”, 

European Review of Agricultural Economics, Vol. 29, pp.307-327.  

Whitmarsh, L. (2008), “Are flood victims more concerned about climate change than other people? The 

role of direct experience in risk perception and behavioural response”, Journal of Risk Research, 11, 

351-374. 

Willis, K.G. et al. (2003), The social and environmental benefits of forests in Great Britain., Newcastle. 

Wreford, A. and W.N. Adger (2010), “Adaptation in agriculture: historic effects of heatwaves and 

droughts on UK agriculture”, International Journal of Agricultural Sustainability, 8, 278-289. 

Zucaro, R. (2014), “Condizionalità ex-ante per le risorse idriche: opportunità e vincoli per il mondo 

agricolo”, INEA, Rome, Italy. 

www.reterurale.it/flex/cm/pages/ServeBLOB.php/L/IT/IDPagina/14922  

www.reterurale.it/flex/cm/pages/ServeBLOB.php/L/IT/IDPagina/14922


38 – OVERCOMING BARRIERS TO THE ADOPTION OF CLIMATE-FRIENDLY PRACTICES IN AGRICULTURE 

 

 

OECD FOOD, AGRICULTURE AND FISHERIES PAPERS N°101 © OECD 2017 

Additional bibliography 

Akhtar-Schuster, M., et al. (2011), “Improving the enabling environment to combat land degradation: 

Institutional, financial, legal and science-policy challenges and solutions”, Land Degradation and 

Development, 22(2): p. 299-312. 

Augustenborg, C.A. et al.(2012), “Farmer’' perspectives for the development of a bioenergy industry in 

Ireland”, GCB Bioenergy. 4(5): p. 597-610. 

Berry, H.L., et al. (2011), “Farmer Health and Adaptive Capacity in the Face of Climate Change and 

Variability. Part 1: Health as a Contributor to Adaptive Capacity and as an Outcome from Pressures 

Coping with Climate Related Adversities”, International Journal of Environmental Research and 

Public Health, 8(10): p. 4039. 

Blesh, J. and S.A. Wolf (2014),“Transitions to agroecological farming systems in the Mississippi River 

Basin: toward an integrated socioecological analysis”, Agriculture and Human Values, 31(4): p. 621-

635. 

Carolan, M.S. (2006), “Do You See What I See? Examining the Epistemic Barriers to Sustainable 

Agriculture”, Rural Sociology, 71(2): p. 232-260. 

Cook, C.N., et al. (2013), “Achieving Conservation Science that Bridges the Knowledge–Action 

Boundary”,Conservation Biology, 27(4): p. 669-678. 

Greiner, R. et al.(2009), “Motivations, risk perceptions and adoption of conservation practices by 

farmers”. Agricultural Systems, 99(2–3): p. 86-104. 

Hogan, A. et al. (2011),“Farmer Health and Adaptive Capacity in the Face of Climate Change and 

Variability. Part 2: Contexts, Personal Attributes and Behaviours”, International Journal of 

Environmental Research and Public Health 8(10): p. 4055. 

Hyland, J.J. et al. (2016), “Farmers’ perceptions of climate change: identifying types. Agriculture and 

Human Values”, 33(2): p. 323-339. 

Jordan, N. and K.D. Warner (2010), “Enhancing the Multifunctionality of US Agriculture”, BioScience, 

Vol. 60, N.1, p. 60-66. 

Lin, B.B. (2011), “Resilience in Agriculture through Crop Diversification: Adaptive Management for 

Environmental Change”, BioScience, 61(3): p. 183-193. 

Long, T.B. et al. (2016), “Barriers to the adoption and diffusion of technological innovations for climate-

smart agriculture in Europe: evidence from the Netherlands, France, Switzerland and Italy”, Journal 

of Cleaner Production, 112, Part 1: p. 9-21. 

Lukasiewicz, A. et al. (2016), “Institutional challenges of adopting ecosystem-based adaptation to 

climate change”, Regional Environmental Change, 16(2): p. 487-499. 

Marshall, N. and C.J. Stokes (2014), “Identifying thresholds and barriers to adaptation through 

measuring climate sensitivity and capacity to change in an Australian primary industry”, Climatic 

Change, 126(3): p. 399-411. 

Marshall, N.A. et al. (2014), “Social vulnerability to climate change in primary producers: A typology 

approach”, Agriculture, Ecosystems & Environment, 186: p. 86-93. 



OVERCOMING BARRIERS TO THE ADOPTION OF CLIMATE-FRIENDLY PRACTICES IN AGRICULTURE – 39 

 

 

 

OECD FOOD, AGRICULTURE AND FISHERIES PAPERS N°101 © OECD 2017 

McClaran, M.P. et al. (2015), “Increased preparation for drought among livestock producers reliant on 

rain-fed forage”, Natural Hazards, 79(1): p. 151-170. 

Nicholas, K.A. and W.H. Durham (2012), “Farm-scale adaptation and vulnerability to environmental 

stresses: Insights from winegrowing in Northern California”, Global Environmental Change, 22(2): 

p. 483-494. 

Pahl-Wostl, C. et al. (2011),“Societal Learning Needed to Face the Water Challenge”, AMBIO, 40(5): 

p. 549-553. 

Prokopy, L.S. et al. (2015), “Farmers and climate change: A cross-national comparison of beliefs and 

risk perceptions in high-income countries”, Environmental Management, 56: p. 492-504. 

Prokopy, L.S. et al (2015), “Extension’s role in disseminating information about climate change to 

agricultural stakeholders in the United States”, Climatic Change, 130(2): p. 261-272. 

Robertson, M. and R. Murray-Prior (2016), “Five reasons why it is difficult to talk to Australian farmers 

about the impacts of, and their adaptation to, climate change”, Regional Environmental Change, 

16(1): p. 189-198. 

Stuart, D. and R.L. Schewe (2016), “Constrained Choice and Climate Change Mitigation in 

US Agriculture: Structural Barriers to a Climate Change Ethic”, Journal of Agricultural and 

Environmental Ethics, 29(3): p. 369-385. 

Vignola, R., et al. (2015), “Ecosystem-based adaptation for smallholder farmers: Definitions, 

opportunities and constraints”, Agriculture, Ecosystems & Environment, 211: p. 126-132.  



40 – OVERCOMING BARRIERS TO THE ADOPTION OF CLIMATE-FRIENDLY PRACTICES IN AGRICULTURE 

 

 

OECD FOOD, AGRICULTURE AND FISHERIES PAPERS N°101 © OECD 2017 

 

Annex 1.  

 

Methodology 

A systematic review methodology was employed to identify the studies used to inform the insights 

in this report. A systematic literature review is a summary and assessment of the state of knowledge on 

a given topic or research question, structured to rigorously summarize existing understanding (Ford 

et al. 2011).The search engines Scopus, Web of Science and Science Direct were searched using the 

keyword, title, and abstract search terms “barrier, adoption, agriculture, climate change”. This initially 

returned more than 600 entries, but by applying the defined inclusion and exclusion criteria (Table A1) 

to the primary literature body on the keyword, title, and abstract level, the total number of papers was 

reduced to 46. Another search was carried out replacing the terms “climate change” with “conservation” 

which returned 42 results. Application of the snowball technique and inclusion of relevant work from 

the researchers’ personal libraries generated a number of additional studies for inclusion in the literature 

database. Once all potential search avenues were exhausted, the final literature body of 114 studies was 

established. 

The studies identified consist both of empirical studies and more theoretical/conceptual studies. 

Both types are included. The articles were scanned to determine the types of barriers they addressed: 

these barriers formed the basis for the categories of barriers in Table 2. The assessment of agreement in 

the literature was based on the author’s judgment of the literature; the relative weight of each barrier 

was assessed based both on the literature as well as expert opinion. While the literature provided the 

basis for this assessment, it was augmented by experts’ understanding of reality and knowledge of 

research that may not have been identified in the systematic review. 

 

Table A1. Inclusion and exclusion criteria 

Inclusion criteria Exclusion criteria 

Empirical study or review of barriers to adoption  

Type of study: peer reviewed article, book, book chapter, 
report 

Type of study: Working paper, conference paper 

Must be focused on the agricultural sector Non-agricultural sector 

OECD country Non-OECD country 

English language publication Non-English language publication 

Date range: within the last ten years  Older than ten years (exceptions for key literature 
identified during snowball process) 

 


