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Abstract

Communities that are vulnerable to the impacts of climate change need to adapt to increase their resilience. Effective
government policies and plans are a key component of this transition, but they are not sufficient in themselves. The com-
munity needs to be made aware of the risks, acquire knowledge about the options that are available for a response, and
be empowered to take their own actions. Effective public engagement is therefore key to success in planning for climate
change. This paper focuses on the importance of public engagement in climate change adaptation policy. It undertakes
a systematic quantitative review of the literature dealing with the core themes of climate change awareness, knowledge,
and engagement in policy-making. The findings reveal a gap in the existing academic literature on public engagement, its
impacts on different types of knowledge, and the integration of both into climate change adaptation policy. In addition,
findings show a strong link between public knowledge and engagement that can be used to encourage and motivate the
public by using behavioural economics as a policy instrument. The paper also makes a useful contribution by identifying
more effective strategies to improve climate change resilience and sustainability.

Keywords Public involvement - Citizen participation - Local and traditional knowledge - Policy cycle - Systematic
quantitative literature review

1 Introduction

Climate change has become one of the key drivers in many natural disasters. The Intergovernmental Panel on Climate
Change (IPCC) has drawn attention to the impacts of climate change being felt across the world in the form of events
such as floods, rising sea levels, storms, droughts, heatwaves, bushfires, etc. [1]. Climate change poses a major challenge
for policy-makers and governments need to generate broad public support for an effective response [2-5]. Raising public
awareness and knowledge of the risks amongst residents in vulnerable communities is therefore crucial [6]. The Produc-
tivity Commission [7] (p.5) describes effective climate change adaptation as “actions that enhance community wellbeing”
where wellbeing includes economic factors such as income, wealth and consumption as well as quality of life factors such
as health, environmental amenity, leisure, community participation, and political rights and freedoms. Owen [8] measures
effectiveness of climate change adaptation using five indicators: reducing risk and vulnerability, developing resilient
social systems, improving the environment, increasing economic resources, and enhancing governance and institutions.

Mitigation and adaptation are two complementary strategies for addressing climate change [1]. Whereas mitigation
aims to reduce the drivers of climate change by cutting greenhouse gas emissions, adaptation aims to build resilience
to the impacts that cannot be avoided [9]. Many studies suggest that public engagement has a vital role to play in both
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mitigation and adaptation [10-13]. There are, however, different approaches to public engagement that vary from top-
down public education programs to bottom-up stakeholder decision-making.

Although the relationship between the stakeholders’ attitude, knowledge, and engagement is acknowledged in the
broader literature [14], the nature of this relationship is unclear, particularly in the context of climate change policy. This
paper focuses on this relationship and addresses the research question: “How can public awareness, knowledge, and
engagement improve climate change adaptation policy?” A systematic quantitative literature review (SQLR) was con-
ducted to identify the emerging themes, the main points of contention, and research gaps that are most relevant to the
role of public engagement in the climate change policy development and decision-making processes.

The paper first provides a theoretical framework incorporating knowledge types, public engagement, and the policy
cycle. It then outlines the methodology of the study, followed by the results of the systematic literature review and dis-
cussion of the key findings. The paper concludes with a summary of the key points.

2 Theoretical framework

Policy-making and public engagement are complex processes. To approach the review systematically and identify the key
themes, a theoretical framework consistent with the research question is utilised. This framework shows all stages of the
climate policy cycle and their relationship with two important elements of this study: the levels of public participation and
the types of knowledge (Fig. 1). As the theoretical framework centres on these two elements and their interaction with
the climate policy cycle’s stages [15], particularly policy instruments to improve climate adaptation action, the concepts
of public participation and engagement, policy cycle, and knowledge types are introduced first.

2.1 Public participation
Public participation refers to various types of activities that are used to incorporate people’s interests, concerns, needs,

and values into decisions and actions on public issues [16, 17]. The main focus of this study is on the direct and active
forms of participation in which citizens are actively engaged in making decisions to find solutions to problems, as

Fig. 1 Theoretical Framework
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opposed to indirectly participating in the decision-making process (e.g. through voting for representatives or dedicating
money to their preferred candidates) [17]. It is important to note that a series of related terms such as citizen/community/
public participation/engagement/involvement/empowerment are used (sometimes interchangeably) by policymakers
and researchers.

There are various typologies of public engagement. Arnstein’s [18] ladder of citizen participation ranks different levels
of participation from non-participation to citizen power. Alternative typologies to Arnstein’s ladder have been offered.
More recently the International Association for Public Participation (IAP?) [19] has developed a public participation
spectrum and identified the five main levels as informing, consulting, involving, collaborating, and empowering citizens
(Table 1). The level of public impact increases with each level of the IAP? spectrum. We consider only the three high-
est levels as genuine engagement and use the term public participation to refer to all levels of participation and public
engagement to refer to only the three highest levels in this paper (Fig. 1).

2.2 Engagement with adaptation

Axon [20] (p. 84) distinguishes between passive and active engagement, where the latter means “what is done with the
object of engagement” and the former implies “what is not done” This study views the concept of public engagement as
a“personal state of connection” as defined by Lorenzoni et al. [21] (p.446) with climate change issues being recognized
in cognitive, affective, and behavioural dimensions [20, 22-24]. Sutton and Tobin [23] (p.895) explain that: (1) the cogni-
tive dimension (knowledge/understanding) relates to an individual’s knowledge about climate change causes, impacts,
and possible solutions; (2) the affective dimension (emotion/interest/concern) “relates to an individual’s level of concern
about climate change and its impacts”; and, (3) the behavioural dimension (action) involves actions that individuals may
take to reduce the impacts of climate change.

In his study of public engagement in carbon reduction strategies Axon [20] identified various themes under each
dimension of engagement. The cognitive dimension is underpinned by awareness and understandings, collective action
and responsibility, sustaining interest to sustain participation, localising action, activating the link between awareness
and participation, and other people’s (non)participation. This dimension corresponds to public knowledge and aware-
ness in our review. The affective dimension is concerned with positivity towards engagement and action, indifference
and ambivalence, and negative responses and concern. The behavioural dimension includes willingness to become
engaged, methods of participation, enablers of sustained engagement, and barriers to engagement. We review the
literature examining evidence on the components of all these three dimensions.

2.3 The policy cycle

Althaus et al. [15] offer a policy cycle model of decision-making process that includes eight stages: issue identification,
policy analysis, policy instruments, consultation, coordination, decision, implementation, and evaluation (Fig. 1). While
the fourth stage of the policy cycle explicitly includes a formal consultation process, public engagement should be incor-
porated into all other stages from the identification of issues, through to policy evaluation for better outcomes. Mabelis
and Maksymiuk [25] (p. 73) note that: “the basic idea of community engagement/public participation is to include all
stakeholders in the planning process, from start (defining the aims) to end (providing a plan and monitoring its imple-
mentation)”. There are significant benefits to public participation and engagement such as community development
and empowerment that can occur through a high level of public engagement.

The third stage of the policy cycle involves choosing the appropriate kinds of policy instruments. These include
advocacy, networks, money, government action, law, behavioural economics, and narrative [15]. Public engagement can
help in selecting the most appropriate policy instruments and society can in turn be influenced by these instruments.
The relationship between public engagement and the policy instruments is two-way, which is very important in climate
adaptation. For instance, advocacy in the form of information sharing can be used as a policy instrument to improve
public motivation through information flows and accountability. Communities’ expectations and behaviours can also
influence advocacy [26, 27]. The media has a key role to play in the deployment of this instrument.

Another important policy instrument is networking. A study by Bahauddin et al. [10] shows that strong relationships
and collaboration between government and different communities are important in the climate change adaptation
process. Networking can improve the relationship between governments and citizens. It can also provide a shared vision
that encourages individuals and communities to engage with the climate change adaptation process. Other policy
instruments, such as money, law, and behavioural economics can influence community actions regarding climate change
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adaptation and can help to build resilience. Narrative as a policy instrument can provide a vision and context for debate
that engages the stakeholders [15].

2.4 Types of knowledge

Public engagement is the key to improving the decision-making process during climate change adaptation [11]; how-
ever, appropriate public knowledge and awareness are important in creating public support for climate policies and
plans [4, 10, 14]. The results of a study related to volunteer environmental monitoring indicate how increased personal
knowledge and community awareness influence changing attitudes and behaviours and promote changes in natural
resource management and related policies [28].

There are various forms of knowledge such as individual, local, traditional, indigenous, and scientific, that are impor-
tant in decision-making. Semali and Kincheloe [29] describe local knowledge systems as the systematic information that
remains in the informal sector, is usually unwritten, and is preserved in oral traditions rather than texts. It is created by
local people who integrate new technologies into their knowledge system. Olsson and Folke [30] believe that local knowl-
edge is a combination of scientific and practical knowledge which involves a belief system and differs from traditional
ecological knowledge. Traditional or indigenous knowledge systems include knowledge of ecosystem relationships with
a code of ethics guiding the use of the environment [31, 32]. This code incorporates rules and conventions elevating
desirable ecosystem relations with social relationships and human-nature interactions [31].

The distinction between local or traditional knowledge and scientific knowledge is important [32-35]. Recognizing
the contexts in which each way of knowing occurs is key to utilizing knowledge effectively [35]. In order to acknowledge
climate change risks, take responsibility, and address the relevant issues, it is necessary to have a process which uses local
and traditional knowledge, values, and scientific information simultaneously to create a legitimate understanding [36].
This kind of understanding would strengthen the relationships between the public, experts, and governments during
climate risks and enable consideration of potent related policies.

Research suggests that scientific information needs to be perceived by stakeholders to be credible, salient, and legiti-
mate [37], as well as useful and usable [38] to influence policy. Cash et al. [37] suggest that the perceived salience, cred-
ibility, and legitimacy of knowledge is increased by active, iterative, and inclusive communication; mutual understanding
through translation of knowledge to appropriate language; and resolution of conflicts through improved understanding
and mediation. These benefits can be achieved by well-crafted public engagement processes. Lemos and Morehouse
[38] view the interaction between stakeholder participation and the production of knowledge as critical in making that
knowledge useful and usable.

3 Methods

Systematic reviews are proliferating as the volume of scientific research expands. There are several advantages of sys-
tematic methods including the minimisation of potential biases that may arise in some narrative style reviews [39-41];
however, if they are not conducted with the same level of rigour as primary research they may also contain bias [42].
Solely identifying articles through a systematic search does not make a review systematic. As Haddaway and Bilotta [43]
(p.579) note “a systematic review normally involves a number of purposeful formalised stages” that include: (1) developing
a protocol; (2) searching across multiple sources of evidence; (3) screening evidence for relevance; (4) retrieving articles;
(5) critically appraising study validity; (6) extracting data; (7) performing synthesis of qualitative and/ or quantitative
data; and (8) documenting all activities in a detailed report [42] (p. 444). These strict methodological steps are essential
to avoid the pitfalls of systematic reviews including: a lack of transparency, comprehensiveness, and consistency; bias in
selection, media attention, citation, database, publication, place of publication, language, interpretation, dissemination,
reporting, and time lag; and subject drift [43, 44]. Reporting standards are a way of ensuring sufficient methodological
detail is provided to allow for verification and replication [42].

The systematic quantitative literature review presented here follows the method outlined by Pickering and Byrne
[45]. This method has been widely used for research on topics ranging from ecological restoration [46], to sustain-
ability [47], parks provision [48], and adaptation to sea level rise [49]. The literature search was conducted using
Scopus, ScienceDirect, and Google Scholar electronic databases in March 2017 and updated in August 2020. A search
string was developed by including a combination of the keywords: (public OR stakeholder OR citizen OR civic OR
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community) AND (awareness OR knowledge OR recognition OR understanding) AND (participation OR engagement
ORinvolvement) AND “climate change” The search was limited to English language publications and no time limita-
tion was set.

These searches resulted in over ten thousand records. For searches that returned more than thousand records the
records were scanned until no new relevant items turned up on a page. The protocols of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) statement [50] were used to develop a PRISMA diagram (see
Fig. 2). After omitting duplicates, the remaining records (n=3539) were screened by the inclusion criteria of document
type (peer reviewed journal articles) and focus of the article based on the research question. The peer-reviewed arti-
cles were then screened by reading the abstracts and those that were deemed not relevant were excluded. Additional
articles were identified through backward and forward reference searching of the identified articles.

The remaining records (n=235) were read fully and a further 157 papers were excluded based on relevance to
the research question. A final set of 78 papers were selected to be included in the systematic review and are noted
with an asterisk in the references. All relevant variables were identified and the papers were reviewed by recording
the information in an Excel database based on the analytical framework outlined in the Appendix (Table 7). The
framework includes information on the article and the journal, case study locations, research design and methods,
and the three main elements of the study: the dimensions, level, focus, and timing of public participation and its
barriers; public awareness and types of knowledge; and policy instruments.

- \
Records identified through Records identified through Records identified through Records identified through

g Scopus search ScienceDirect search Google Scholar search backward and forward
- (n=1870) (n=1852) (n=7728) reference search (n = 18)
kS
==
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Fig.2 PRISMA Flow Diagram for the SQLR
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4 Results

The amount of research on climate adaptation that includes public awareness, knowledge, and engagement has substan-
tially increased in recent years (Appendix, Table 8). The SQLR analysis indicates that 47% of the articles explored climate
change adaptation and 17% were focused on climate change mitigation. Around 23% focused on both adaptation and
mitigation, while 13% of the papers focused on climate change in general.

4.1 Overview of the articles

The 78 articles included in the study were published in 55 different journals within 18 disciplines (Appendix, Table 8).
Environmental studies journals contained the largest number of these articles (45%) followed by meteorology (9%),
earth science (8%), and housing and urban planning (6%). Forests and forestry and social sciences published 5% of the
articles each and geography and sociology followed with 4% each. Only 3% of the articles were published in psychology
and the remainder were published in a variety of disciplines.

The oldest paper in the review dated back to 1999, however, most of the articles (77%) were published in the past
eight years. Figure 3 shows a dramatic increase in the volume of scholarly research on this topic in the last decade peak-
ing in 2013 with 13 articles. While the review itself does not provide a reason for this peak, a major contributing factor
may have been the unusual series of destructive climate-related disasters around the world in 2012 (see, for example,
[51]) combined with the release of an IPCC special report on extreme weather events and their link to climate change
[52]. Another factor may have been the United Nations Conference on Sustainable Development (Rio +20) in 2012 that
included considerable international debate about climate change.

The location of the case studies and first authors of the articles indicate that the research on public awareness, knowl-
edge, participation, and climate change mostly originates from and focuses on developed nations (Table 2). The most
number of case studies on this topic are located in Europe (38%) (such as Pietrapertosa et al's [53] survey of 11 South
East European countries), North America (17%) (including [11, 54, 55]), Asia (15%) (e.g. [2, 56-59]) and Australia (12%)
(e.g. [60-62]). The rest were spread across Africa (6%), Oceania (4%) and South America (3%). Approximately 17% of the
papers covered a large number of international case studies. A good example is Amaru and Chhetri’s [63] study of 45
cases of adaptation that examined the roles of institutions and other stakeholders in innovation in climate adaptation.
Likewise, Figueiredo and Perkins’[64] research on two international projects (the Sister Watersheds project involving Brazil
and Canada and a Climate Change Adaptation in Africa project involving Canada, Kenya, Mozambique, and South Africa)
revealed that engaging women is important as they possess unique local ecological knowledge on water management.

More than 50% of the case studies are in developed countries. The UK has been the most popular case study location
with 14 publications followed by Australia (9), US (8) and Canada (4). Although developing countries were studied less
frequently compared to developed countries, some developing countries from Asia such as Bangladesh, Nepal, and India
were examined more than some developed countries such as Austria, Spain, and Belgium reflecting their high level of
vulnerability to climate change impacts.

As expected, the locations of the first authors of the studies closely parallel the region where the research was under-
taken, with Europe leading again (44%). North America (28%) and Oceania (21%) produced a significant amount of the
research, whereas Asia (5%) and Africa (3%) are underrepresented.
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o 12
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Table 2 Location of the case

studies Location Single case Two cases Three-four Wide scope Frequency
udi

studies cases articles? of studies

International 13 13
UK 14 1 15
Australia
us

Canada
Bangladesh
Austria 1
Germany 1 1
Spain 1

el

w h 00 O
—_

Portugal
China
Belgium
Nepal
Sweden
Finland
Ecuador 1

India 1 1 1
South Africa 3

Kenya 1
Burkina Faso 1

_ W NN =W

Brazil 1
Netherlands
Indonesia
Taiwan
Vietnam
Oceania Islands 1

Number of articles 60 2 3 13
Percentage (n=78) 77% 3% 4% 17%

- am AW
- m a Aa W= s am W W= = W NN = Wes NN = Wu;

z Z
> >

2Wide Scope Articles are on programs which include several cases

4.2 Research design and methods

A range of different research designs were used in the reviewed articles, the most popular being exploratory (27%), case
studies (26%), and cross-sectional studies (23%). Other research designs included comparative and descriptive analysis
(6% each), longitudinal studies (4%), historical and mixed method studies (3% each), and experimental and observa-
tion studies (1% each). More than half of the studies used interviews for data collection. Chu et al. [56], for example,
interviewed members of various institutions regarding how civil society engaged in different stages of climate change
adaptation planning and implementation. Other data collection methods used in the literature reviewed included surveys
(37%), focus groups (29%), field research (28%), observation (26%), and the compilation of archival records and docu-
ments (24%). Most of the studies used qualitative data analysis methods (50%), followed by mixed methods (including a
combination of qualitative and quantitative methods) (23%) and quantitative methods (22%). Spatial analysis was used
in very few studies (5%) such as Cloutier et al. [65], Sheppard et al. [66], and Groot et al. [67] (Fig. 4).

4.3 Awareness and knowledge of climate change

The review results illustrate the importance of the link between public awareness and different types of knowledge
of climate change, with 72% of studies making the connection (for example, [4, 20, 66]) (Table 3). Most of the studies
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Fig.4 Research design and RESEARCH DESIGN
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Case study design
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Mixed

50%

Quantitative

Spatial

Table 3 Importance of awareness and type of knowledge

Awareness and type of knowledge Adaptation focus Mitigation focus Both General Total
Number (%) Number (%) Number (%) Number (%) Number (%)

Importance of awareness 29 (37%) 10 (13%) 10 (13%) 7 (9%) 56 (72%)
Individual knowledge 30 (38%) 11 (14%) 14 (18%) 8(10%) 63 (81%)
Scientific knowledge 30 (38%) 7 (9%) 14 (18%) 9 (12%) 60 (77%)
Local knowledge 27 (35%) 5 (6%) 16 (21%) 5 (6%) 53 (68%)
Traditional knowledge 11 (14%) 2 (3%) 9 (12%) 2 (3%) 24 (31%)
Total articles 37 (47%) 13 (17%) 18 (23%) 10 (13%) 78 (100%)

(81%) focused on individual knowledge rather than other types of knowledge. Wolf and Moser [24] and Luis et al.
[68], for example, point out that individual knowledge can be effective in responding to climate risks.

Nearly 77% of the articles highlighted the importance of scientific knowledge and its understanding for improving
stakeholders’ engagement including Chilvers et al. [69] and Vulturius and Gerger Swartling [70]. Pasquier et al. [71]
focused on the integration of stakeholder and scientific knowledge in assessing flood risk and identifying adaptation
measures. Local knowledge was covered in 68% of the papers. For example, a study of climate change adaptation
strategies in three forest-dependent indigenous communities in Bangladesh by Rahman and Alam [72] showed the
importance of local knowledge in providing fair mechanisms for local communities to take climate adaptation action. In
addition, there are several positive stories of community-based climate change adaptation projects in the Pacific region,
where communities engaged actively in the project development and implementation process, enabling the integra-
tion of local knowledge [73]. However, based on their study in Vietnam, Bruun and Olwig [74] warn that the available
local knowledge is anthropocentric and opportunistic, so while it may help communities cope with impacts of climate
change and disasters, it contributes little towards overall “resilience” and “equilibrium”. They argue that it may actually
exacerbate risk in the long term.

The results also indicate that traditional knowledge is more important in adaptation than mitigation. One third of the
articles specified the importance of traditional knowledge in climate change (see for example, [72, 75]). In their study
of the East Kimberly region of Australia, Leonard et al. [61] (p. 631) demonstrate the importance of traditional ecologi-
cal knowledge and how it “can contribute towards improved understandings about the impacts of climate change and
provide insight for the development of equitable and effective climate change adaptation strategies”.
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4.4 Engagement in climate change

Of the three dimensions of active engagement (i.e. cognitive, affective, and behavioural), cognitive is mentioned most
often in the literature reviewed (Table 4). Two components of the cognitive dimension, increasing knowledge and changing
attitude and the strong link between awareness and participation are reported in 80 and 76% of the papers respectively.
Madumere [4], for example, argues that enhancing public awareness and participation, and their interaction, was key in
addressing climate change impacts. Another cognitive aspect, learning new skills, appears in 33% of the papers. Vulturius
and Gerger Swartling [70] (p. 220) show “how the focus group discussions provided participants with the opportunity
for both instrumental (fact-and skill-focused) learning and communicative learning (understanding one’s own and oth-
ers’' perspectives)”. Improvement of social learning skills or learning ability of communities through engagement was
mentioned, for example, by Burnside-Lawry and Carvalho [76] who show how changes in knowledge and understand-
ing of the participants were reflected in modified policies and practice by both decision-makers and stakeholders and
subsequently how the level of community resilience is increased through active public engagement. Among affective
components of active engagement, 62% of papers mention positivity (attitude) in engagement and action. From the
behavioural components of active engagement in climate change, willingness to engage was discussed in 54% of the
papers in relation to positive experiences of involvement and changing behaviour positively in nearly half of the articles
(47%), including studies by Axon [20], Burton and Mustelin [3], Madumere [4], Sheppard et al. [66], Whitmarsh et al. [77],
Wolf and Moser [24], and Luis et al. [68].

Of the two dimensions of passive engagement (cognitive and affective), 50% of the articles refer to lack of knowledge
and awareness as an important cognitive component (e.g. [67, 78-81]). Nunn et al. [82] identified the lack of knowledge
and awareness as an important barrier to active public engagement among key community decision makers in climate-
change adaptation. To address the issue, Thaker et al. [59] suggest that mass media and targeted campaigns could play
an important role by educating citizens about climate change issues, instead of reporting climate change in the context
of natural disasters. Only 22% of the papers mentioned negative response and concern as one of the affective components
of passive engagement.

The reviewed articles indicate that there is a link between active engagement and the level of awareness of climate
change. Increasing knowledge of climate risks and attitude changes can occur through active engagement which can in
turn positively impact the behavioural dimension (e.g. people’s willingness to engage). In addition, the lack of knowledge
and awareness about climate change are important factors that need to be considered.

Table 4 Dimensions of engagement in climate change

Dimension of engagement Adaptation Mitigation Both General Total
Number (%) Number (%) Number (%) Number (%) Number (%)

Active
Cognitive
Increasing knowledge and changing attitude 30 (38%) 12 (15%) 14 (18%) 7 (9%) 63 (80%)
Strong link between awareness and participation 26 (33%) 13 (17%) 15 (19%) 5 (6%) 59 (76%)
Learning new skills 15 (19%) 2 (3%) 6 (8%) 3 (4%) 26 (33%)
Affective
Positivity in engagement and action 19 (24%) 10 (13%) 12 (15%) 6 (8%) 48 (62%)
Behavioural
Willing to engage 21 (27%) 7 (9%) 8 (10%) 6 (8%) 42 (54%)
Positive behavioural change 12 (15%) 7 (9%) 13 (17%) 5(6%) 37 (47%)
Passive
Cognitive
Lack of knowledge and awareness 16 (21%) 11 (14%) 7 (9%) 5 (6%) 39 (50%)
Affective
Limited emotional connection and lack of interest 9 (12%) 8 (10%) 11(14%) 2 (3%) 30 (38%)
Negative responses and concern 2 (3%) 7 (9%) 6 (8%) 2 (3%) 17 (22%)
Total articles 37 (47%) 13(17%) 18 (23%) 10 (13%) 78 (100%)

@ Springer



Discover Sustainability (2021) 2:18 | https://doi.org/10.1007/543621-021-00024-z Review

4.5 Level and timing of public participation in climate change

Among the five levels of public participation defined by the IAP? [19], the reviewed literature reports the lowest three
levels of public participation (inform, consult, and involve) much more frequently than the two higher levels (col-
laborate and empower) (Table 5). Moreover, the review shows that public participation was occurring more during
policy development and decision-making stages of the policy cycle than implementation or evaluation.

The most frequently reported levels of participation in the literature are inform and involve (each mentioned in
92% of the articles). Informing the public is the lowest level of public participation and many studies point out that
this usually occurs without feedback to the public (see [5, 10, 83, 84] for examples). However, this gap can easily be
addressed by mass media. Thaker et al. [59] (p. 681) show that mass media plays a vital role in increasing the collective
efficacy (“people’s shared beliefs about their group’s capabilities to accomplish collective tasks”) perceptions of the
public by supplying authentic sources of information and updates. In other words, media can be a mediator assisting
in public participation. Involving the public occurs usually during policy development (from identifying issues to
consultation) (79%), decision-making (60%), and implementation phases (55%). Studies such as Pietrapertosa et als
[53] show how policy development can occur with active public engagement when a community is experiencing
the impacts of climate change.

The highest level of public participation, empowering the public, was only mentioned in 9% of the articles. Stud-
ies by Nunn et al. [82] and Wiseman et al. [60], for example, emphasise the direct link between the empowerment
of communities with their motivation to take action on climate change. In their evaluation of the performance of
18 adaptation projects by the Global Environment Facility, Sherman and Ford [85] found a greater emphasis on

Table 5 Level and timing of public participation in climate change

Level and timing of public participation Adaptation Mitigation Both General Phase total Level total
Number (%) Number (%) Number (%) Number (%) Number (%) Number (%)

Inform 72 (92%)
Policy development 33 (42%) 11 (14%) 16 (21%) 9 (12%) 69 (88%)
Decision-making 17 (22%) 7 (9%) 7 (9%) 5 (6%) 36 (46%)
Implementation 11 (14%) 2 (3%) 5 (6%) 2 (3%) 20 (26%)

Monitoring and Assessment 6 (8%) 2 (3%) 3 (4%) 1(1%) 12 (15%)

Consult 26 (33%)
Policy development 16 (21%) 3 (4%) 2 (3%) 3 (4%) 24 (31%)
Decision-making 9 (12%) 3 (4%) 1(1%) 2 (3%) 15 (19%)
Implementation 3 (4%) 2 (3%) 1 (1%) 1 (1%) 7 (9%)

Monitoring and assessment 1(1%) 2 (3%) 0 (0%) 0 (0%) 3 (4%)

Involve 72 (92%)
Policy development 29 (37%) 10 (13%) 18 (23%) 5 (6%) 62 (79%)
Decision-making 24 (31%) 8 (10%) 10 (13%) 5 (6%) 47 (60%)
Implementation 22 (28%) 5 (6%) 11 (14%) 5 (6%) 43 (55%)

Monitoring and Assessment 7 (9%) 0 (0%) 3 (4%) 3 (4%) 13 (17%)

Collaborate 22 (28%)
Policy development 16 (21%) 0 (0%) 4 (5%) 0 (0%) 20 (26%)
Decision-making 8 (10%) 0 (0%) 1(1%) 2 (3%) 11 (14%)
Implementation 6 (8%) 0 (0%) 3 (4%) 1(1%) 10 (13%)

Monitoring and Assessment 1(1%) 0 (0%) 1(1%) 1(1%) 3 (4%)

Empower 7 (9%)

Policy development 3 (4%) 0 (0%) 1 (1%) 0 (0%) 4 (5%)
Decision-making 3 (4%) 0 (0%) 1(1%) 0 (0%) 4 (5%)
Implementation 2 (3%) 0 (0%) 2 (3%) 0 (0%) 4 (5%)
Monitoring and assessment 1(1%) 0 (0%) 0 (0%) 0 (0%) 1(1%)
Total number of articles 37 (47%) 13 (17%) 18 (23%) 10 (13%) 78
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community empowerment in bottom-up approaches compared to top-down approaches but warned that if the
engagement strategy is not designed properly it will not result in capacity building and empowerment.

Most of the studies reviewed conclude that higher levels of participation generally produce better outcomes. For
example, Chu et al’s [56] study on how civil society actors contribute to adaptation planning and implementation in
Ecuador and India found that more inclusive decision-making, implementation of climate actions, and monitoring in the
planning processes resulted in more equitable and just outcomes in the short term. Burnside-Lawry and Carvalho's [76]
(p. 4) examination of stakeholder engagement activities that increase risk awareness and encourage collective action for
alocal government in Portugal indicated that “the implementation of a wide spectrum of public engagement initiatives”
including activities in schools, child-care centres, aged-care facilities, homes for the disabled had “improved community
and government capacity to identify and implement risk reduction strategies”. Serrao-Neumann et al’s [5] analysis of
three local government led public participation initiatives in Australia using the IAP? framework for public participa-
tion found that higher levels of participation such as collaboration can provide scope for deliberation of critical issues,
transparency in decision making, and potential to build community capacity and social capital. Another study examining
civic capacity in urban governance of climate change adaptation across multiple cases from around the world similarly
found that civic capacity existed when participation took the forms of involvement or higher on the IAP? spectrum [83].

4.6 Barriers to public participation in climate change

Expanding on Arnstein’s [18] limitations for public participation Sprain [86] identified barriers for organizations and com-
munities as well as for governance of sustained participation in climate change governance. Among barriers for organisa-
tions and communities the reviewed literature reported lack of motivation (44%) and resistance to power redistribution
(40%) most frequently, followed by paternalism (38%) and bias (29%) (Table 6).

Three studies specifically focused on barriers to engagement in climate change. Lorenzoni et al. [21] identify barriers
that operate at individual and social levels and call for targeted and tailored information provision. Jeffers [87] argues
for a wider change in hazard management policy and resourcing for more effective public participation in hazard man-
agement and climate change adaptation. Wamsler et al. [81] suggest that under current structures and mechanisms,
public engagement hinders sustainable outcomes and call for explicit support and systematic mainstreaming of public
engagement to support sustainability. They identify lack of cognitive capacity, current power structures, and lack of
interest and motivation of citizens as key barriers. Studies by Scannell and Gifford [88] and Thaker et al. [59] suggest that
motivation plays an important role in public engagement.

Among barriers related with the governance of sustained participation, inadequate political socioeconomic infrastruc-
ture of the poor communities and knowledge base (72%) was identified by most of the articles. Sethamo et al's [80] case
study in Botswana asked the participants about their knowledge on climate change and received mostly vague and brief
responses which clearly demonstrated the respondents’lack of knowledge. Wamsler et al. [81] identified a lack of proper
mechanism for monitoring and learning process in place which adversely impacted public participation.

Another important barrier for governance of sustained participation was the difficulties of organizing a representative
and accountable citizens’group in the face of futility, alienation, and distrust (40%). Hiigel and Davies’' [89] recent review
found that lack of trust affects citizens’' willingness to get involved in climate change adaptation. Lack of trust could stem
from different factors such as experiencing unsuccessful public participation trials by major governance bodies [87]. The
formation of distrust could immediately result in lack of citizens’ willingness for future engagement. The remaining bar-
riers for governance of sustained participation are all mentioned in less than half of the papers (Table 6).

Research into the UK’s community-based carbon reduction strategies found that higher levels of citizen participa-
tion in the IAP? spectrum (involve, collaborate, and empower—which we view as forms of genuine engagement) are
essential for sustained participation in community initiatives [20]. Several studies highlight how higher levels of par-
ticipation activities can help overcome some of the barriers to sustained participation such as lack of knowledge, trust,
and motivation. Collaborative social learning occurs through the interactions between participants during engagement
events and this learning “enables changes in knowledge and understanding that are reflected in modified policies and
practice by decision-makers and stakeholders” [76] (p. 7). While case studies of Portuguese coastal communities con-
cluded creative participatory learning processes can help build trust which in turn can improve participation [90] studies
of rural coastal communities in Michigan, United States revealed the need for multiple engagement opportunities and
community-building techniques involving social learning to progress climate change planning initiatives to adoption
and implementation [91]. Larsen and Gunnarsson-Ostling [92] found that engaging citizens in visionary activities such
as constructing climate change scenarios builds trust through exchange of ideas, learning, and mutual understanding.
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Stepenuck and Green’s [28] review of the literature on volunteer environmental monitoring identified increased individual
knowledge, engagement, and environmental stewardship and improved social capital and trust among all stakeholders
as outcomes of participation.

4.7 Policy instruments used in climate change action

From the list of policy instruments Althaus et al. [15] describe overall advocacy (87%) and networking (81%) are men-
tioned more often in climate change action than other types of policy instruments in the literature reviewed (Fig. 5).
Advocacy in the form of information sharing and improved information flows and accountability is the single most
mentioned policy instrument for climate change action (83%). In order to increase public knowledge and understanding
of climate change impacts and take effective action, information sharing was introduced as an important instrument in
many cases. Information sharing about climate change can be achieved through mass media and reframing of issues can
encourage public engagement [76, 93]. Several studies suggest that the provision of basic information to communities
and stakeholders, as well as information sharing between governments and stakeholders, are necessary to overcome
the lack of knowledge related to climate change (e.g. [2, 4, 21, 60, 63]). Likewise, if barriers such as distrust in the sources
of information are reduced, sharing information can improve engagement and climate action [21].

The next two most frequently reported policy instruments are two types of networking: (1) developing social capital,
and (2) improving government-to-citizen relationship through new technologies. Putnam [94] (p. 664) defines social
capital as: “features of social life networks, norms and trust that enable participants to act together more effectively to
pursue shared objectives”. Social capital development appears in 71% of the papers reviewed, indicating the importance
of networking as a component of social capital in climate change action. Stepenuck and Green [28] and Wiseman et al.
[60], for example, suggest that social capital can be increased by expanding personal networks in public engagement
activities on climate action. To build social capital, knowledge sharing and facilitating information are essential [54, 62].
Improving government-citizen relationships through new technologies is reported in 60% of the papers. The results of
the study by Bahauddin et al. [10], for example, suggest that strong relationships and collaboration between govern-
ment and different communities are inevitable, particularly in the climate change adaptation process. This study shows
the effectiveness of tools such as the Social Ecological Inventory (SEI) for resolving conflicts and building trust among
stakeholders. (SEl is a tool used for participatory mapping to help participants identify ecological values and engage them

Fig.5 Policy instruments used

ADVOCACY | 57%

in climate change action
Information sharing 83%
Encouragement of changing behaviour 45%
NETWORKS | 31%
Develop social capital 71%
Improve government-to-citizen relationship 60%
BEHAVIOURAL ECONOMICS [N 47%
Increasing motivation toward economic behaviour 47%
LAW I 46%
Implementing regulation 38%
Innovative strategies and new legislation 24%
GOVERNMENT ACTION I 40%
Improving service delivery 40%
MoNeY I 33%
Incentive 37%
Disincentive 3%
NARRATIVE | 26%
Evoking emotion by storytelling 26%
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in all steps including monitoring, management, and learning process). Many sources of advanced local knowledge and
gaps in scientific and/or local knowledge were identified in one regional coastal area of Bangladesh using the SEI tool.

Behavioural economics is the third highest reported policy instrument (47%). Lorenzoni et al. [21] argue that changing
people’s lifestyle is an important climate change action, but public’s lack of knowledge can be a barrier. The importance
of economic benefits in motivating people to change their behaviour and take action on climate change is mentioned in
various studies, including Axon’s [20] work on carbon reduction, Lorenzoni et al's [21] research on the barriers to engage-
ment in climate change in the UK, and Wiseman et al’s [60] study on the effectiveness of public engagement strategies
in improving climate mitigation and adaptation outcomes in Australia. For example, Lorenzoni et al. [21] explain how
encouraging individuals through provision of information or economic incentives and subsidies can impact voluntary
energy reduction. The rest of the policy instruments are all mentioned in less than half of the papers (Fig. 5).

5 Discussion

The focus of this review is to evaluate peer-reviewed studies to understand how public awareness, knowledge, and
engagement can improve climate change adaptation policy. The implications of the findings for effective climate change
adaptation are discussed in this section.

5.1 Interaction of public awareness, knowledge, and engagement

Overall, our findings point to a strong correlation between public awareness and knowledge and engagement in climate
change action/policy (see [57, 62, 69, 76, 93, 95]). The public’s awareness and knowledge of climate change can contrib-
ute to their engagement in decision-making and increased engagement in turn can influence the community’s level of
awareness and knowledge. These findings are consistent with other research including Wibeck’s [93] analysis of 92 peer-
reviewed studies of public understanding and communication on climate change which shows a positive relationship
between knowledge and engagement. This research concludes that with regards to climate change action, although a
lack of knowledge is an important barrier to active engagement, knowledge and awareness without engagement are not
sufficient for changing people’s behaviour and lifestyle. Moreover, the reviewed articles illustrate that public participa-
tion, and particularly active participation in environmental matters such as monitoring, can significantly contribute to
gaining knowledge and awareness [28]. Together, public awareness, knowledge, and participation can drive changes in
public behaviour and actions regarding climate change. Increased personal knowledge and community awareness of
natural resource management issues, for example, can lead to attitudinal and behavioural change as well as influence
social capital building [28].

Of particular importance is the recognition of different types of public knowledge and the ways they can be better
integrated into policy and decision-making. Wolf and Moser [24] underscore the importance of indigenous knowledge
in various locations with differing community ways of life and values and find that indigenous knowledge must be better
integrated and reflected in scientific evaluations of climate change. To overcome social barriers to learning and engage-
ment, scientific knowledge should be clear and understandable for stakeholders and incorporated with individual, local,
and traditional knowledge to improve particularly active public engagement [70]. This kind of engagement can lead to
behaviour change to improve climate adaptation responses [3, 22, 24, 57, 62].

5.2 Effective climate change adaptation through public knowledge and engagement

Wolf and Moser [24] point out that the relationship between public knowledge and engagement in climate change
adaptation has been the focus of research and policy for nearly three decades. However, the findings of this review
indicate that the study of public engagement and its relationship to resilience and climate change adaptation needs
to be expanded through further research using diverse international cases. Consistent with the broader literature, our
research has found public engagement to be an influential factor in raising awareness and community development
that collectively increase government capacity particularly in the local scale for implementing risk reduction strategies
[24,57, 60, 62, 65, 69, 70, 76]. Studies by Burnside-Lawry and Carvalho [76] and Madumere [4] show the important role
of motivation in participating in innovative strategies to reduce climate change impacts. Lorenzoni et al. [21], however,
suggest that even with enough information, knowledge, and a high level of motivation economic and social barriers
(such as lack of institutional support and infrastructure) can still impede engagement.
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A combination of bottom-up and top-down approaches are proposed in the literature to overcome the barriers to
public engagement and generate better knowledge and awareness amongst the stakeholders [63, 82, 85, 95, 96]. Bottom-
up approaches are more effective as they make communities more active and create space for empowerment. Sherman
and Ford [85], however, suggest that in the initial stages, a top-down approach can support communities to generate
awareness and interest among them for further engagement in the projects.

Public participation performs an important function in legitimizing government policy and decisions, especially for
controversial issues such as climate change [3, 97-100]. Geiger et al. [101] suggest that just as infrequent exposure to
climate change is likely to lower its salience and inhibit behavioural responses, increasing the public’s exposure will fos-
ter increased engagement. Luis et al’s [68] study to understand and promote stakeholder engagement in local climate
adaptation planning from a psychosocial perspective using three European case studies found that attitudes towards
engagement and knowledge on policy making process were more relevant to explaining levels of public engagement
than knowledge on and attitude towards climate change.

Several studies reported a positive linkage between public participation and effective adaptation strategies or poli-
cies [63, 83, 102]. Only one article, Burton and Mustelin [3], question whether greater public participation is the key to
success in planning for climate change and find no evidence that the presumed benefits of greater participation are
realised in practice in their case study of South East Queensland, Australia. Numerous studies illustrate the link between
higher levels of participation in the IAP? spectrum detailed in Table 1 (involve, collaborate, and empower) and better
adaptation policies and outcomes. Wiseman et al's [60] (p. 144) study on exploring the effectiveness of community
engagement strategies in improving climate mitigation and adaptation outcomes in Victoria, Australia, found that
effective climate mitigation and adaptation strategies require carefully planned and implemented community engage-
ment “for achieving deep, broad and sustainable changes in the actions and behaviours of communities, industries,
households and individuals”. Research into participation in volunteer environmental monitoring activities not only pro-
vided individual benefits such as increasing personal knowledge and community awareness but also community-level
outcomes including changing attitudes and behaviours, building social capital, and most importantly improved natural
resource management and policies [28]. Sherman and Ford’s [85] evaluation of 18 adaptation projects in developing
nations revealed that bottom-up community stakeholder engagement in project design and implementation led to
higher effectiveness, efficiency, equity, flexibility, legitimacy, sustainability, and replicability compared to top-down
approaches. In summary, these projects achieved: more project objectives within the stated timeframe and scale;
increased time- and/or resource-efficiency; had a more explicit emphasis on marginalized populations; tailored project
methods and activities to the local context; and had high levels of transparency of project activities, strong communica-
tion with local stakeholders, and the potential to scale up and implement the project in another location. McNamara’s
[73] study examining community-based climate-change adaptation projects in the Pacific similarly concluded that
local environmental knowledge was successfully integrated throughout the project cycle and the local community
was actively involved in the project planning, decision-making, and activities in successful projects. A climate change
scenario planning exercise in Alaska also showed that participation can spread knowledge, empower communities,
and contribute to more robust decisions by considering local context [11]. In contrast, researchers pointed to limited
community engagement in Ontario wind project approvals as a possible reason for the ongoing resistance to the
projects [54].

6 Conclusions

Dealing effectively with the impacts of climate change requires collaboration between the public, experts, and gov-
ernments to develop and implement appropriate policy responses. This study reviewed the literature regarding the
relationship between public awareness, knowledge, and engagement and how these can improve climate change
adaptation policy. The SQLR method was used to analyse 78 studies. Overall, the review showed that the number of
articles in this field has greatly increased in recent years particularly in developed countries in North America and
Europe. However, further studies are required to address the knowledge gap particularly in developing countries. The
limitations of the study include language and exclusion of grey literature. In addition, as in other forms of reviews, we
had to rely on what the authors of the primary literature chose to report in each study. Most of these studies were
conducted to address different research questions and focused their reporting accordingly. This may have resulted in
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the underestimation of the percentages we reported as lack of reporting does not necessarily mean the absence of
these items in the cases studied.

The findings of this review suggest that climate change communication is crucial to improve knowledge and aware-
ness, which will increase engagement with climate policy, that in turn can improve policies and outcomes. Many studies
indicate that there is a strong link between active engagement and awareness and knowledge of climate risks, and that
engagement can change attitudes as well as have a positive impact on behaviour. The lack of knowledge and aware-
ness is also an important barrier to passive engagement. The findings of this review indicated that among five levels of
public participation the lowest three levels (inform, consult and involve) are used more often than the two higher levels
(collaborate and empower). Since public support is needed to improve climate change policies and plans, more research
needs to focus on the public engagement process to identify effective strategies forimproving active and higher levels
of engagement that can help to build community resilience. In addition, the importance of the media’s role to support
public participation at all levels is inevitable and needs to be considered more in further research. Communities have
a crucial role to play in all steps of the policy cycle and the literature shows public engagement is necessary to build
knowledge, awareness, and capacity for behavioural change during policy development and decision-making. The lit-
erature highlighted that key barriers to public engagement were lack of motivation and resistance to power redistribu-
tion. Inadequacies of poor communities’ political socioeconomic infrastructure and knowledge base and distrust were
the main issues for governance of the sustained participation. In order to overcome these barriers during the decision-
making process, further studies are needed on the combination of bottom-up and top-down approaches during the
decision-making process.

The reviewed studies indicate the importance of individual, local, and traditional knowledge and their integration
with scientific knowledge to support local communities in climate change adaptation. However, more research should
be conducted to support local governments to motivate communities for engagement in climate change adaptation
planning. Finally, the literature shows that among the seven policy instruments, advocacy (information sharing), networks
(the development of social capital), and behavioural economics (increasing motivation toward economic behaviour) are
more often used in climate change response than other types of policy instruments. More research is needed to enhance
the use of these instruments during climate change adaptation action. The ultimate goal is to identify how to build more
sustainable and resilient societies.
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