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Abstract
Because the climate has been rapidly changing and undermining the sustainability of the agriculture
sector, Agricultural Extension and Rural Advisory Services (AERAS) need to rethink their
contemporary roles and initiatives. Although enhancing agricultural innovation is considered a key
process to increase farm income and ensure sustainability under complex climate-affected
development conditions, little is known how AERAS can support the process in the said context. A
broad range of literature was reviewed and a deductive coding approach was followed to analyze the
literature. The findings suggested numerous transformative roles of AERAS providers supporting
agricultural innovation. AERAS providers should extend their mandates and broaden their scopes by
connecting and working with multiple actors and groups within and beyond the agriculture sector.
They need to support interactions and learning among diversified actors to develop complementary
understanding and approaches for collective action for climate change adaptation. The findings
highlight the importance of enhancing innovation by AERAS providers for climate change adaptation
in the agriculture sector.
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Introduction and Problem Statement
The agriculture sector has been considered extremely vulnerable to climate change with
impacts felt across a large number of agricultural land uses (Anita, Dominic, & Neil, 2010). The
primary roles of agricultural extension and rural advisory services (AERAS) have long been
recognized as enhancing agricultural development and improving rural livelihoods for both high
and low-income countries (Anderson, 2007). In most literature, the terms extension service
and advisory service have been used interchangeably, although some literature has used
advisory service to highlight the tasks associated with the facilitation of joint learning and
action (Faure, Desjeux, & Gasselin, 2012; Faure et al., 2013). In this article, the term AERAS was
used to capture a more comprehensive understanding of roles of service providers and
conceptualized as “all the institutions from different sectors that facilitate farmers’ access to
knowledge, information, and technologies; their interaction with markets, research, and
education; and the development of technical, organisational, and management skills and
practices” (Davis & Sulaiman, 2016, p. 1).
The traditional AERAS methods and tools have achieved limited success in tackling the climaterelated challenges in farming (Christoplos, 2010; Selvaraju, 2012). AERAS agencies often do not
consider fundamental changes to their conventional strategies and initiatives, and focus on
production efficiency, which has been shown to have limited effectiveness in increasing
incomes and improving livelihoods (Stål & Bonnedahl, 2015). As a consequence, a call has
emerged to re-think and revise the current AERAS agendas and strategies (Mustapha,
Undiandeye, & Gwary, 2012; Ozor & Cynthia, 2011). In the context of climate change,
enhancing agricultural innovation is likely to be a way to ensure profitable farming and develop
the agriculture sector in sustainable ways (Food and Agriculture Organization [FAO], 2018;
World Bank, 2012). Although AERAS providers serving as intermediaries and knowledge
brokers might fill a significant support role for agricultural innovations to deal with complex
issues in general (Rajalahti, Janssen, & Pehu, 2008), little or only anecdotal evidence exists on
how AERAS providers can enhance agricultural innovation for adapting to climate change.

Theoretical and Conceptual Framework
Climate change is considered a complex problem, having several interrelated drivers and issues
(Mahmoudi & Knierim, 2015). It directly affects certain related sectors, such as agriculture,
fishery, and forestry (FAO, 2007). Increasingly, debates are occurring among academic scholars,
practitioners, and policymakers about the speed and scale of climate change effects in the
agriculture sector (Sala, Rossi, & David, 2016). It is evident that technical inventions or
improvements in practice efficiencies do not suffice as adaptations to climate change in the
spheres of natural resource management, cropping, livestock, and forestry. Instead, climate
change adaptation should be considered in the light of adjustments of the policy process and
institutional systems, which administer crop production, value chains, and consumption
strategies (Neufeldt et al., 2015). Successful adaptation to climate change seeks
comprehensible sets of technical and institutional initiatives (Leeuwis, Hall, van Weperen, &
Preissing, 2013). In essence, climate change adaptation in the agriculture sector calls to
https://doi.org/10.37433/aad.v1i1.9
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support the process of enhancing agricultural innovation (Aase, Chapagain, & Tiwari, 2013),
which is the process whereby:
“Individuals or organizations bring existing or new products, processes, and forms of
organization into social and economic use to increase effectiveness, competitiveness,
resilience to shocks or environmental sustainability, thereby contributing to food and
nutritional security, economic development, and sustainable natural resource
management” (Tropical Agriculture Platform, 2016, p. x).
The sources of innovative practices and new ideas are often invisible and primarily contained by
a particular actor (Rajalahti et al., 2008). Every actor in a system has both discursive and tacit
knowledge (Spielman, Davis, Negash, & Ayele, 2011). An individual is conscious about
discursive knowledge - any idea that can be evaluated and expressed in language.
Nevertheless, individuals are usually unaware of their tacit knowledge, which is embedded in
their practical activities, skills, practices, and experiences (Leeuwis, 2004).
The building blocks of innovation are often not accessible because they are the part of
individuals’ tacit knowledge, and those individuals may not be part of the innovation network
(Sharma, Peshin, Khar, & Ishar, 2014). Initiating new ideas, which draw on both discursive and
tacit knowledge, is a process of bringing together the perspectives of multiple actors who have
their individual theories of knowing (Ngwenya & Hagmann, 2011). For enhancing agricultural
innovation, therefore, ideas, knowledge, experiences, and creativity from a variety of actors
should be connected, integrated, as well as mobilized to ensure collective cognition (World
Bank, 2006).
To support agricultural innovation, AERAS providers need to facilitate network building, social
learning, and negotiation among relevant actors and groups (Leeuwis & Aarts, 2011). Network
building is critical to establish new relationships among people, technical devices, and natural
phenomena. Social learning is required to support individual as well as collective cognitive
changes, which may result in conflicts among stakeholders. Therefore, they have to be involved
in negotiation to resolve conflicts (Leeuwis, 2004). AERAS agencies have been considered the
engine for enhancing agricultural innovation. Given the emerging issues, including climate
change, AERAS agencies need to revisit their structures, such as managerial and operational
strategies, roles, regulations and cultures and mandates so they can play relevant facilitation
and leadership roles in supporting agricultural innovation (Rivera & Sulaiman, 2009).
In the sections that follow, the establishment of a rationale for the roles of AERAS in enhancing
agricultural innovation is explored, particularly in the context of climate change adaptation.

Purpose
Enhancing agricultural innovation can help individuals and organizations in the agriculture
sector to adapt to climate change. But no systematic research exists on what new roles,
agendas, and strategies AERAS agencies could undertake to support agricultural innovation.
Only a limited number of recent studies have discussed and recommended the roles and
https://doi.org/10.37433/aad.v1i1.9
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strategies of AERAS in supporting climate change adaptation. These recommendations are
mainly general in nature and based on experts’ opinions. In this study, a systematic review of
the current literature was undertaken aimed at exploring the mandates and roles of AERAS in
supporting agricultural innovation for climate change adaptation.

Methods
Secondary data was collected by searching in different digital databases, such as Google
Scholar, CAB abstract, and Scopus, during the period of March 2018 to August 2019. The
searching was bound as only publications in English from 1980 to the present were used.
Different keywords were used both separately and in combination to determine relevant
literature for analysis. The keywords included adaptation, advisory (rural) services, agricultural
extension, agricultural innovation, agricultural practices, climate change, drought, and flood.
Articles discussing agricultural practices and the roles of AERAS in adapting to climate change
were the focus and principal criteria for inclusion. Peer-reviewed journals, organizational
reports, project reports, as well as published and unpublished theses, were selected initially. In
addition, national agricultural plans and AERAS strategies of different countries were also
included.
A deductive coding of the text was performed using keywords of relevance to agricultural
innovation, such as collaboration, connecting, coordination, interaction, learning, linking,
negotiation, and networking (Bernard, 2017). Informed by Gough, Oliver and Thomas (2017),
the findings were synthesized and presented in a thematic summary. The coded descriptive
texts were read through, and specific tasks for AERAS were identified. Those tasks were
integrated and interpreted by themes, such as broadening the scope, capacity development,
interaction and learning, lobbying policy process and negotiation, performing intermediary
roles, and working with multiple actors (Yami, Vogl, & Hauser, 2009). These themes ultimately
supported understanding the processes of enhancing agricultural innovation to adapt to
climate change. In the review process, a total of 72 articles were included of which 22 were
organizational reports, and 32 were based on empirical research in different countries. In this
study, the cases and examples were used according to their significance and relevancy with the
themes of agricultural innovation.

Findings
Broadening the Scope and Working with Multiple Actors
International organizations (see Table 1) and empirical case studies (see Table 2) reported that
the current functions, operational frameworks and strategies of AERAS should be reconsidered
and revisited to ensure that agricultural activities are responsive, adaptive, and profitable in the
current and future context of climate change. As a consequence, AERAS providers should
broaden their scopes and embrace a larger, comprehensive mandate that comprises technical
and managerial support, as well as social, gender and institutional governance (Leeuwis et al.,
2013; Sala et al., 2016; Simpson & Burpee, 2014; Sulaiman, Chuluunbaatar, & Vishnu, 2018).
https://doi.org/10.37433/aad.v1i1.9
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The Global Alliance for Climate-Smart Agriculture (GACSA) and United States Agency for
International Development (USAID) recommended that AERAS providers should move from a
strategy of working with few actors, such as farmers, researchers, to working with multiple and
diverse actors and groups from different backgrounds with different knowledge and interests
(Sala et al., 2016; Simpson & Burpee, 2014). Research in Ethiopia found that gaps and missing
linkages existed between AERAS providers and other relevant actors while attempting to
support adaptation to climate change. Moreover, the policymakers of some AERAS agencies,
working at different scales, were in disagreement about the degree of urgency and priority of
climate change and adaptation (Abegaz & Wims, 2015). The Cooperative Extension Services of
Land Grant institutions in the United States (US) failed to coordinate efforts to identify priority
investment for climate change and agricultural activities at regional and state levels. AERAS
providers, therefore, faced challenges of dealing with diverse and often conflicting priorities of
stakeholders (Wright Morton et al., 2016). AERAS providers of Cameroon had very negligible
contact and limited connection with the farmers, which ultimately led to farmers reaching out
to other farmers to seek support and guidance for climate change adaptation (Julie, Amungwa,
& Manu, 2017). Infrequent and limited contact with stakeholders also resulted in disputed
relationships between farmers and policymakers in Zimbabwe (Huyer & Nyasimi, 2017).
The Global Alliance for Climate-Smart Agriculture (GACSA) suggested that all public AERAS
providers, serving in a particular region, should be well connected. They need to serve
collaboratively for better alignment and synchronization of climate change adaptation activities
and programs (Sala et al., 2016). AERAS agencies should link and work in partnership with
other relevant actors and groups within and beyond the agriculture sector at different scales to
allow free flow of climate change adaptation information, knowledge, understanding, and
strategies (Abegaz & Wims, 2015; Simpson & Burpee, 2014; Sulaiman et al., 2018). A study in
Zimbabwe reported a lack of connection and linkage between two sister organizations, i.e. the
Ministry of Agriculture, Mechanisation and Irrigation, Development and the Ministry of
Environment, Water and Climate who were the key players for supporting climate change
adaptation. This study highlighted the importance of institutional collaboration and
coordination among agricultural and climate-related institutions, both public and private,
including development agencies at the local, national, regional, and international levels (Huyer
& Nyasimi, 2017).
This review identified that emphasis had been placed on polices, roles, and regulations at
institutional levels to facilitate a supportive environment for AERAS providers, but they lacked
access to different resources. For instance, about 80% of AERAS providers in Ethiopia claimed
that they did not have adequate access to climate change adaptation resources, such as readily
available and user-friendly data, policies and strategies, scientific publications, up to date
information, as well as reading materials and manuals (Abegaz & Wims, 2015). AERAS
providers in Cameroon identified lack of access to information from the Ministry related to
Environment and Disaster Mitigation, leading to a deficiency in climate change engagement
activities (Julie et al., 2017).
https://doi.org/10.37433/aad.v1i1.9
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Table 1
The Roles of AERAS Providers to Enhance Agricultural Innovation to Adapt to Climate Change: Insights from International Organizations
Broad Roles
Specific Tasks
Number
Organizations
Example of Key
of Cases
Sources
Broadening the
scope, working
with multiple and
diverse actors

Performing
intermediary roles
and supporting
learning

Lobbying policy
processes

Capacity
development of
AERAS providers

Reconsidering the operational frameworks, strategies,
broadening the mandates, and functions

7

Creating alignment and developing collaboration among
public AERAS providers
Partnering with relevant actors and groups of the agriculture
sector at appropriate scales

1

FAO, GACSA & USAID (Sala et al., 2016;
Simpson & Burpee, 2014;
Suleiman et al., 2018)
GACSA
(Sala et al., 2016)

2

USAID & FAO

Dealing with multiple and diverse actors beyond the
agriculture sector
Implementing policies, programs, including both agricultural
and fund, policy-related stakeholders
Connecting domestic and international markets
Linking farmers with diverse actors
Organizing participation and facilitating interaction and
social learning among diverse actors and communities
Practicing technological management (e.g. interactive design
& experimentation; trying out new practices & adaptive
measures)
Performing lobby and advocacy communication
Seeking out influencing the enabling environment and
developing supportive policies

2

FAO & GACSA

1

IFPRI

(Simpson & Burpee,
2014; Sulaiman et al.,
2018)
(Leeuwis et al., 2013;
Sala et al., 2016)
(Davis, 2009)

1
1
2

GACSA
GACSA
FAO

(Sala et al., 2016)
(Sala et al., 2016)
(Leeuwis et al., 2013)

7

FAO, GFRAS, IFPRI,
USAID

2
2

FAO & GACSA
FAO & USAID

Deepening and broadening knowledge on soft skills related
to co-learning, communication, facilitation, networking, and
dealing with diverse groups; revising training curricula

4

FAO, GACSA, IFPRI,
& USAID

(Hachigonta, 2016; Sala
et al., 2016; Simpson,
2016)
(Sala et al., 2016)
(Simpson & Burpee,
2014; Sulaiman et al.,
2018)
(Davis, 2009; Sala et al.,
2016; Simpson & Burpee,
2014; Sulaiman, 2017)

Note. FAO=Food and Agriculture Organization, GACSA=Global Alliance for Climate-Smart Agriculture, GFRAS=Global Forum for Rural
Advisory Services, IFPRI= International Food Policy Research Institute, USAID= United States Agency for International Development
https://doi.org/10.37433/aad.v1i1.9
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Performing Intermediary Roles and Supporting Interactions
The Food and Agriculture Organization (FAO) identified that AERAS agencies should provide a
broader sense of intermediary roles and support participation and interaction among multiple
actors (Leeuwis et al., 2013). AERAS providers need to link domestic market products with
international trading markets and consumers (Sala et al., 2016). They should connect farmers
with diverse actors, including markets, as well as communities, agencies, and institutions to
maximize the benefits of information and knowledge (Hachigonta, 2016; Huyer & Nyasimi,
2017; Sala et al., 2016). AERAS providers need to facilitate diversified stakeholders to interact
and share their knowledge and priorities and negotiate to learn from one another to achieve a
better and complementary understanding of climate change impacts and adaptation options
(Mahmoudi & Knierim, 2015; Sala et al., 2016). The USAID recommended that AERAS providers
should take advantage of modern and advanced Information and Communication Technologies
(ICTs) to link different actors, to support communication and interaction, and to develop a
feeling of interdependence and synergy in collective action (Simpson & Burpee, 2014).
Table 2
The Roles of AERAS Providers to Enhance Agricultural Innovation to Adapt to Climate Change:
Insights from Empirical Studies in Different Countries
Example of Key
Broad Roles
Specific Tasks
Countries
Sources
Networking,
Networking & partnership development, Ethiopia, India,
(Abegaz & Wims,
collaboration collaboration & coordination of AERAS
Malawi ,
2015; Huyer &
and
activities, information & knowledge
Namibia, South
Nyasimi, 2017;
co-learning
sharing, collaborative research, coAfrica, US,
Mkisi, 2014)
learning with multiple & diverse actors
Zimbabwe
Access of AERAS providers to resources Cameroon,
(e.g. funding, policies & strategies, Ethiopia, Kenya,
reading materials, scientific publications, US
updated information & user friendly data)
Lobbying/
Advocating

Providing feedback & supporting policy
processes

Nigeria,
Zimbabwe

Capacity
development
of AERAS
providers

Capacity development of AERAS
providers on technical & functional
knowledge (e.g. arranging training,
seminars, and workshops; financial
investments; updating course curricula)

Cameroon,
Ethiopia, India,
Malawi, Namibia,
Nigeria, Pakistan,
South Africa, US,
Zimbabwe

(Abegaz & Wims,
2015; Ifejika
Speranza, Kiteme,
& Opondo, 2009;
Julie et al., 2017)
(Huyer & Nyasimi,
2017; Ozor &
Cynthia, 2011)
(Afful, 2016;
Diehl et al., 2015;
Mkisi, 2014;
Ogunbameru,
Mustapha &
Idrisa, 2013)

To formulate adaptation strategies and develop technological innovation, GACSA, Global Forum
for Rural Advisory Services (GFRAS), and USAID recommended setting out interactive design
https://doi.org/10.37433/aad.v1i1.9
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principles and co-designed experimentation, as well as promotion of farmer-to-farmer
extension (Davis, 2009; Hachigonta, 2016; Sala et al., 2016; Simpson, 2016). AERAS providers of
South Africa promoted conservation agriculture as a technological innovation but failed to
achieve desired outcomes in terms of increasing yields and ensuring sustainability. Therefore,
AERAS providers were suggested to participate in adaptive research on conservation agriculture
management packages with farmers and scientists (Afful, 2016). Smallholder farmers of
Malawi identified that AERAS providers should strengthen farmers’ linkage with research
institutions to draw support for on-farm adaptive research and develop the best risk
management practices in different farming systems (Mkisi, 2014).

Lobbying and Negotiation
This literature review highlighted that AERAS providers should have strong linkage and effective
communication with the policy process to positively influence the enabling environment and
develop supportive policies, as well as funding opportunities for climate change adaptation
(Leeuwis et al., 2013, Simpson & Burpee, 2014; Sulaiman et al., 2018). Farmers in Nigeria
perceived that AERAS providers were knowledgeable about the local effects of climate change
on the agriculture sector because they lived and worked with farmers in the rural areas. AERAS
providers, therefore, could more effectively communicate on local climate change effects to
their higher authorities during regular official meetings. Thus, the government and other
agencies were aware and could develop plans and policies, allocate funding, and implement
programs to address the risks and challenges of climate change (Ozor & Cynthia, 2011).
Likewise, the GACSA suggested that AERAS providers should advocate and raise awareness with
decision-makers about the importance of funding for climate change adaptation in the
agriculture sector (Sala et al., 2016). AERAS providers need to invite and engage with fundingand policy-related stakeholders while implementing different agricultural policies and programs
in the field (Davis, 2009).

Capacity Development of AERAS Providers as an Underlying Condition
AERAS providers should develop new capacities to explicitly support innovation in the
agriculture sector to adapt to climate change (Sala et al., 2016). Researchers in Malawi
recommended that AERAS agencies should obtain sufficient investment for human resource
development and capacity building (Mkisi, 2014). Evidence from Nigeria highlighted the need
to develop teaching and training materials addressing the risks and challenges of climate
change for AERAS students and providers, respectively (Ogunbameru et al., 2013).
A case study in the US recommended that AERAS providers should receive training to
understand both management- and technology-related adaptation strategies, engage in
conversations with stakeholders, and participate in co-production of climate change
adaptation-related knowledge and strategy (Diehl et al., 2015). In this vein, the Cameroon case
reported that AERAS providers need to be provided with seminars and workshops (Julie et al.,
2017). According to the FAO, the current knowledge and efficiencies of AERAS providers should
be deepened and broadened mostly on soft skills, such as co-learning, communication,
facilitation, and networking with diverse groups at different scales (Davis, 2009; Sulaiman,
2017).
https://doi.org/10.37433/aad.v1i1.9
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Conclusions, Discussion, and Recommendations
To enhance innovation for adapting to climate change in the agriculture sector, AERAS
providers need to embrace new organizational mandates, agendas, roles, and strategies. They
should broaden their scopes by working with multiple actors and groups both within and
beyond the agriculture sector. AERAS providers need to perform intermediary roles and
support interaction and learning among the stakeholders to develop complementary
understanding of climate change adaptation and approaches for collective action. Seeking
support in terms of favorable rules, regulations, and required financial resources from the
policy processes are other important tasks on which AERAS providers should focus.
AERAS agencies will likely face challenges in embracing the transformational roles to support
innovation for climate change adaptation in the agriculture sector. In this vein, the political
context, and the organizational structure and worldviews of AERAS providers are among the
many challenges that may need consideration. The plans and priorities of governments often
influence the focus and ways of implementing AERAS programs (Berhanu & Poulton, 2014).
Governments require support from the AERAS providers to execute different public policies and
interests (Mahon, Farrell, & McDonagh, 2010), which ultimately might deviate AERAS agencies
from their principal modes of action (Diesel & Miná Dias, 2016).
Conducting organizational reforms of AERAS agencies to embrace agricultural innovation
approaches is challenging, especially in developing countries (Hounkonnou et al., 2012; Rivera
& Sulaiman, 2009). The administration and policy-making system of AERAS agencies might be
unwilling to reconsider their long-term roles and practices to embrace agricultural innovation
approaches (Chowdhury, Odame, & Leeuwis, 2014). AERAS agencies have shown resistance to
consider deep-rooted reform (Islam, Gray, Reid, & Kemp, 2011). Change in organizational
strategies faces political, social, and contextual complexities (Islam et al., 2011). Moreover,
gaps often exist between the organizational mandates or vision and the AERAS providers’
worldviews (Landini, 2015). In addition, intra- and inter-organizational differences of innovation
perception and mindsets are found among AERAS providers. In the same AERAS agency, some
individuals might have mindsets largely dominated by top-down approaches emphasizing
specialists’ knowledge dissemination whereas others might prefer to adopt dialogical
approaches and horizontal interaction of knowledge sharing and learning (Landini, 2016).
Overall, a lack of evidence exists from the reviewed literature on how to develop the capacities
of AERAS providers to enhance agricultural innovation in the context of climate change. The
Tropical Agriculture Platform (2016) proposes four aspects of capacity development, - capacity
to navigate complexity, collaborate, reflect and learn, engage in strategic and political
processes - to ensure actors’ effective involvement in enhancing agricultural innovation in
general. These capacities might provide insight on formulating ways to develop functional
capacities of AERAS providers to support agricultural innovation for climate change adaptation.
However, further research is needed to better understand the means and strategies for
developing the capacities of AERAS providers.

https://doi.org/10.37433/aad.v1i1.9
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The AERAS professionals, providers, and agencies serving in regions more prone to climate
change and working at different scales, could utilize these research insights to better develop
strategies for ensuring sustainability in the agriculture sector. However, these findings should
not be used as a one-size-fits-all approach. Depending on the local, national, and political
contexts, as well as financial and organizational support, AERAS providers are encouraged to
reconsider their roles and formulate new ways to enhance agricultural innovation for climate
change adaptation in their localities.
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