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a b s t r a c t

Empirical findings on actors' roles and responsibilities in the climate change adaptation process are rare
even though cooperation between private and public actors is perceived important to foster adaptation
in agriculture. We therefore developed the framework SAER (Stimuli-Actions-Effects-Responses) to
investigate perceived relationships between private and public climate change adaptation in agriculture
at regional scale. In particular, we explore agricultural experts' perceptions on (i) climatic and non-
climatic factors stimulating private adaptation, (ii) farm adaption actions, (iii) potential on-farm and
off-farm effects from adaptation, and (iv) the relationships between private and public adaptation. The
SAER-framework is built on a comprehensive literature review and empirical findings from semi-
structured interviews with agricultural experts from two case study regions in Austria. We find that
private adaptation is perceived as incremental, systemic or transformational. It is typically stimulated by
a mix of bio-physical and socio-economic on-farm and off-farm factors. Stimulating factors related to
climate change are perceived of highest relevance for systemic and transformational adaptation whereas
already implemented adaptation is mostly perceived to be incremental. Perceived effects of private
adaptation are related to the environment, weather and climate, quality and quantity of agricultural
products as well as human, social and economic resources. Our results also show that public adaptation
can influence factors stimulating private adaptation as well as adaptation effects through the design and
development of the legal, policy and organizational environment as well as the provision of educational,
informational, financial, and technical infrastructure. Hence, facilitating existing and new collaborations
between private and public actors may enable farmers to adapt effectively to climate change.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Adapting agricultural systems to climate change is a multi-
faceted endeavor for scientists, farmers, and policy makers in or-
der to minimize adverse and harness beneficial changes (IPCC,
2014a; Smit and Skinner, 2002). While private actors, namely
farmers and agricultural producer groups, typically reduce climate-
related risks for their farms and utilize business opportunities,
public actors such as policy makers and government officials are
committed to devote their resources to public interests (IPCC,
2014a). Still, adaptation actions by private actors e which we

refer to as ‘private adaptation’ e may, intendedly or unintendedly,
contribute to the provision of public goods or lead to negative
external effects. Conversely, adaptation actions by public actors e

which we refer to as ‘public adaptation’ emay increase or decrease
private benefits (Tompkins and Eakin, 2012). A systematic coordi-
nation of privately driven bottom-up and publicly driven top-down
activities is likely to increase adaptation efficiency, for instance by
transferring private actors' needs and preferences into agricultural
and climate policies (Bojovic et al., 2015). Individual farms and
regional governance levels have been identified as most relevant
for adaptation in the agricultural sector (McCarl et al., 2016; Niles
et al., 2015). We therefore intend to disentangle the relationships
between private and public agricultural adaptation focusing on a
regional scale.
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adaptation at different spatial and temporal scales and under
various climate, policy and market scenarios. However, there is
limited understanding if and how adaptation is taking place
(Berrang-Ford et al., 2011; Ford et al., 2011) and many discussions
do not distinguish the roles of private and public actors in the
different stages of the adaptation process (Klein and Juhola, 2014;
Smit and Skinner, 2002). Lack of clarity on private and public ac-
tors' roles, responsibilities, and benefits has been identified as a
major barrier to adaptation actions and may thus contribute to the
rising adaptation deficit (McCarl et al., 2016; Moser and Ekstrom,
2010; Nalau et al., 2015). Adaptation research has recently devel-
oped concepts to address the relationships between private and
public adaptation. For instance, Tompkins and Eakin (2012) devel-
oped a conceptual framework on the interrelations between pro-
viders and beneficiaries of private and public adaptation and
analyze how private actors may be motivated to supply public
goods and services. Moser and Ekstrom (2010) provide a diagnostic
framework on adaptation barriers and highlight, inter alia, the
critical role of actors' perceptions, responsibilities and interactions
on adaptation actions. However, there is a need to further clarify
the roles and responsibilities of actors in the adaptation process
(Klein and Juhola, 2014) and empirical findings on actors' roles and
responsibilities are rare even though cooperation between private
and public actors is perceived important to foster adaptation ac-
tions (Arbuckle et al., 2014; Hall and Wreford, 2012). Furthermore,
insufficient actor-orientation of adaptation research has been
identified as a reason for its limited use in adaptation decision-
making (Kirchhoff et al., 2013).

We therefore aim at developing and empirically testing a novel
analytical framework to explore the relationships between private
and public climate change adaptation in agriculture at a regional
scale. In particular, we are interested in agricultural experts' per-
ceptions on (i) whether on-farm and off-farm climatic and non-
climatic factors stimulate private adaptation, (ii) private adaption
actions in and across farm sectors, (iii) potential on-farm and off-
farm effects from private adaptation, and (iv) the relationships
between private and public adaptation. We focus our investigation
on private adaptation and how it can be supported by publicly-
driven activities because agricultural experts prioritize private to
public adaptation (Varela-Ortega et al., 2016). Agricultural experts
are defined as intermediaries working in agricultural or environ-
mental organizations where scientific results are typically trans-
lated into usable knowledge. Their perceptions are of major
relevance because of their unique intermediary position between
scientists, farmers, and policy makers and their ‘hybrid knowledge’
(Raymond et al., 2010) on the aims and priorities of the different
actors. Recent studies suggest that scientific knowledge on agri-
cultural adaptation is most likely taken up by farmers and policy
makers if recommended by such information and knowledge bro-
kers from boundary organizations (Bryan et al., 2013; Dilling and
Lemos, 2011; Kirchhoff et al., 2013; McNie, 2012). Increased
knowledge on agricultural experts' perceptions of factors stimu-
lating private adaptation, adaption actions on farms, potential on-
farm and off-farm effects from adaptation, and the relationships
between private and public adaptation may thus facilitate private
and public adaptation actions.

The article is structured as follows. In section 2, we describe the
process of collecting and analyzing qualitative data to develop a
novel analytical framework for exploring the relationships between
private and public climate change adaptation in agriculture which
is presented in section 3. In section 4, we present empirical results
from Austrian agriculture using the analytical framework. In sec-
tion 5, we discuss the obtained results, and in section 6 we draw
conclusions and highlight further research opportunities.

2. Data and methods

2.1. Developing an analytical framework

Theories and concepts in the climate change adaptation litera-
ture have been reviewed in order to develop an analytical frame-
work for exploring relationships between perceived private and
public climate change adaptation in agriculture at regional scale.
Understanding the relationships between private and public
climate change adaptation is important in order to identify where
public interventions are (in)appropriate to foster private adaptation
in agriculture. We have identified four core components of interest,
(i) factors stimulating private climate change adaptation (Stimuli),
(ii) private climate change adaptation actions (Actions), (iii) effects
related to private climate change adaptation (Effects), and (iv)
scope for public efforts to foster private climate change adaptation
(Responses). These core components have been combined to the
Stimuli-Actions-Effects-Responses (SAER)-framework, as schema-
tized in Fig. 1. Relationships between the core components are
indicated by the dark gray arrows showing that both the adaptation
process and individual core components are characterized by iter-
ative procedures. The core and sub-components of the novel SAER-
framework as well as their relationships are explained in section 3.

2.2. Data collection

The SEAR-framework was empirically refined by results from a
focus group discussion and semi-structured interviews with agri-
cultural experts in two case study regions in Austria. We selected
theMostviertel and South-East Styria as case study regions because
of their heterogeneity in pedo-climatic conditions, major crops
grown in the region, and the regional vulnerability of the agricul-
tural sector to climate change. The Mostviertel is characterized by a
north-south gradient with rather mild climate in the north and
alpine climate in the south. Major crops grown are maize, barley
and winter wheat, and dominant livestock is cattle and hog
(Statistics Austria, 2016). South-East Styria belongs to the Illyrian
climate zone (Prettenthaler et al., 2010). Maize, winter wheat,
vegetables and fruits are most commonly grown, and hog fattening
is of importance throughout the region (Statistics Austria, 2016).
Results from integrated assessments until the middle of the 21st
century propose that the Mostviertel is, on average, less vulnerable
to climate change than South-East Styria (Kirchner et al., 2015;
Mitter et al., 2015; Sch€onhart et al., 2014).

We have employed a mix of methods to collect qualitative data
in the case study regions because of the explorative character of our
research. We started with a focus group discussion in the Most-
viertel in order to co-develop research questions and research
design with twelve farmers and extension experts from the region.
Then, we selected agricultural experts e defined as intermediaries
working in agricultural or environmental organizations e

combining direct and snowball sampling approaches for semi-
structured interviews on their perceptions of climate change
adaptation in the two case study regions. We interviewed agricul-
tural experts because of their unique position between scientific,
private, and public actors and their considerable ‘hybrid knowl-
edge’ on the case study regions resulting from the integration of
scientific, experiential, and bureaucratic knowledge (see Fig. 2
following the ‘Triple Helix Model’ by Etzkowitz and Leydesdorff
(2000) and the knowledge classification schemes by Enengel
et al. (2012) and Raymond et al. (2010)). Agricultural experts are
thus in a crucial position to advocate private and public adaptation
and their perceptions may finally facilitate developing or fine-
tuning adaptation actions.

Ten agricultural experts from the Mostviertel (M1-M10) and
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