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COMMENTARY

Climate change, young people, and the IPCC:
The role of citizen science

Miriam Aczel’?* and Karen E. Makuch?

This commentary suggests that undertaking citizen science research with young people has the potential
to play a significant role in contributing to the IPPC and related UN research and policy processes around
climate change. Further, citizen science engagement can educate and empower children and young people
in and through research by involving wider communities and groups in data collection, communication,
and engagement. A persuasive body of literature suggests that children and youth can be and ought to be
included in citizen science projects and that young people ought to and can have a greater say in their
environmental and climate lives and futures. There is acknowledgment that certain populations, including
young people, have been excluded from participation in citizen science, and strategies need to be
developed to be more inclusive. Moreover, through inclusion of youth, there are opportunities for
intergeneration collaboration leading to potential solutions. Our commentary is a call for the IPCC to
be much more open and creative in its knowledge production work and to engage young people in climate-

related citizen science.
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Introduction

In 2018, the Intergovernmental Panel on Climate
Change (IPCC) issued a special report that warned of
the need to mobilize all capacities, including local com-
munities, Indigenous communities, state and national
actors, and civil agents, to meet the goal of keeping
warming below 1.5° (IPCC, 2018). The report empha-
sized that “[e]ducation, information, and community
approaches ...can accelerate the wide-scale behaviour
changes consistent with adapting to and limiting global
warming ..." (IPCC, 2018, 5.6). Studies show that the
impacts of a warming climate pose greater risks to the
most vulnerable populations, including those who lack
economic security, women, elders, and children (Stan-
berry, 2018).

In this commentary, we argue that an increasing body
of scientific evidence can contribute to enhancing climate
change mitigation, adaptation, behavioral change, policy
development, and awareness-raising activities and that
young people can and ought to be included in climate-
related citizen science projects to this end. We propose
that the IPCC and related UN bodies could do more to
include different kinds of science, including citizen
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science,! in their work. The IPPC could also do much more
to include specific constituencies, such as youth, the elderly,
and disabled people. As the IPCC is a respected body with
considerable science credibility, it can play an important
role in promoting and encouraging inclusive citizen science
at national, regional, or local levels. In offering our argu-
ments, we are encouraged that the IPCC has a new gender
inclusion policy as of May 2020 (IPCC, 2020), and we sug-
gest that initially setting up an ad hoc or task force group
working on young people and youth, citizen science or
both, may be a good starting point, particularly as the
identity and mandate of the IPPC seems to be evolving and
open to change (IPCC, n.d.). We contend that inclusion and
diversity in science and data collection can capture a range
of evidence, experiences, impacts, and ideas for action that
might be missed through more mainstream approaches,
noting that “the main activity of the IPCC is the preparation
of reports assessing the state of knowledge of climate
change” (IPCC, n.d.). We advocate that young people as
a distinct group ought to be explicitly included in data
collection exercises.

1. The term “citizen science” is attributed to Kerson, R.
1989. Lab for the environment. Technology Review 92(1): 11-12,
as cited in Haklay, M, Dorler, D, Heigl, F, Manzoni, M, Hecker, S,
Vohland, K. 2021, What is citizen science? The challenges of
definition, in Vohland, K, Land-Zandstra, A, Ceccaroni, L,
Lemmens, R, Perelld, J, Ponti, M, Samson, R, Wagenknecht, K eds.,
The science of citizen science. Cham, Switzerland: Springer.
Available at https://doi.org/10.1007/978-3-030-58278-4_2.
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As the IPCC continues to address the challenge of how
best to communicate the science of climate change to
a broad and diverse global audience, an opportunity exists
here to leverage the momentum of the current youth
climate movement and interest of youth in climate issues
to develop strategies for diversifying engagement. While
we recognize that the emphasis of the youth climate
movement is on promoting activism and holding adults
accountable for the climate emergency, we contend that
citizen science can potentially improve policy outcomes.
Thus, we suggest that the IPCC has a role in defining
principles and practices for climate-related citizen science
projects and activities that specifically target and engage
young people, incorporating the unique needs and experi-
ences of their local communities.

Hands-on projects in citizen science—defined as science
conducted by nonspecialists under the supervision of
trained scientists or experts—can benefit evidence, educa-
tion, and communication outcomes and add to the IPCC's
environmental and climate-related body of data and under-
standing. Youth, alongside adults, can learn from and con-
tribute to an evolving body of environmental knowledge
and scientific enquiry through organized citizen science
research projects usually run with universities or formal
research institutions with trained scientists—making this
distinct from community science—while engaging in a scien-
tific process to support research into climate and environ-
mental health (Haklay et al., 2018; Makuch and Aczel, 2018;
Cooper et al., 2021). Such engagement can potentially
empower young people (and other participants) to under-
stand the science and see themselves as individual actors in
this largely adult-dominated space and can also potentially
open up opportunities for young people as a potentially
disenfranchised group to contribute to knowledge and dis-
courses around climate change, climate science, and future
policy making (Sorensen et al., 2019; Cooper et al., 2021).
“Such community-based projects [can] strengthen scientific
capacity, social capital, and inclusiveness of local decision
making” as Dickinson et al. (2012) assert, and potentially,
global decision-making. This fits nicely with the IPCC's
“Activity” mandate: “to support the preparation of its
reports, the IPCC organizes scoping meetings, lead author
meetings, workshops and expert meetings. It also organizes
various outreach events that communicate its findings,
methodologies and explains the way the organization
works” (IPCC, n.d.).

The benefits of incorporating young people and citizen
science in the IPCC processes, assessments, and findings
are threefold:

o Scientific benefits. Increasing access to scientific
information and drawing science from a wider and
more diverse body of sources

e Policy benefits. Potential for inclusion of wider opi-
nions leading to more inclusive and robust policy
development

e Societal benefits. Involvement with targeted sci-
ence programs, under IPCC sponsorship, enhancing
scientific literacy with benefits to the individual and
the wider community
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A. Citizen science: Children and young people
The burden of addressing climate change has profound
implications across generations and particularly for the
young people of today who will benefit from or suffer the
consequences of actions taken to address the issues iden-
tified in the 2018 IPCC Special Report on Global Warming
(UNICEF, 2015; IPCC, 2018). There is recognition that
young people, as Greta Thunberg and her generation of
climate activists have demonstrated, both have potential
to be disproportionately harmed by inaction, and have the
ability and interest in taking positive action such as dem-
onstration for policy change, personal and community
behavior change, lobbying of industry, and others on cli-
mate issues (Fridays for Future, n.d.; Hanna and Oliva,
2016; Marris, 2019; Thunberg, 2019; Boulianne et al.,
2020; Holmberg, 2020; Wallis and Loy, 2021). Verlie and
Flynn (2022) contend that behind the youth climate
strikes is failure of current school-based education on cli-
mate, with young people assuming the role of educators
through their participation. Citizen science engagement
offers a useful conduit for young people to engage with
information exchange and policy activism.

Citizen science is composed of “partnerships between
scientists and non-scientists in which authentic data are
collected, shared, and analyzed,” according to Jordan et al.
(2012, p. 307). While discussion of the full range of defini-
tions of citizen science is beyond the scope of this com-
mentary, we recognize that how the term is applied is
broad and includes diverse types of projects and potential
contributions (Eitzel et al., 2017). Citizen science links
communication and public engagement in a way relevant
for a pressing issue such as climate change (Wals et al.,
2014; Bonney et al., 2016; Groulx et al., 2017). Citizen
science can be designed to include young people and to
view the science and environment from the child’s per-
spective, through the gathering of useful data, which con-
tributes to research. In some cases, citizen science can
increase “scientific literacy, improve ecological knowledge,
deepen connections to nature and place, strengthen social
ties, and foster new knowledge networks” (Groulx et al.,
2017, p. 53). These results can further improve communi-
cation and participation on climate change, leading ulti-
mately to individual and social action (Schweizer et al.,
2013; Haywood, 2016; McGreavy et al., 2016; Moser,
2016; Ranney and Clark, 2016; Kuo et al., 2019). We note,
however, that there is lack of agreement on how “scientific
literacy” as an outcome of citizen science is measured and
that systematic studies, including those conducted in non-
Western environments, are needed to determine the
extent of impact (Cronje et al., 2011; Groulx et al., 2017,
Aristeidou et al., 2020).

Below, we look at the scientific benefits, policy benefits,
and societal benefits from engaging young people in cli-
mate change-related citizen science.

1. Scientific benefits

As the IPCC seeks to improve strategies to communicate
the warnings found in the 2018 Report, an impediment is
that there is widespread denial of the anthropogenic
causes of a warming climate (Wong-Parodi and Feygina,
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2020). A 2017 New York Times article, for example, reports
the challenges of a high school science teacher in a former
coal mining region of the United States in teaching his
students about climate change, especially as many of the
students had learned climate denial from their Trump-
supporting parents and relatives (Harmon, 2017). The tea-
cher’s strategy, which was successful with many of these
skeptical students, was to take them into the field to let
them discover for themselves the clues in nature that
pointed to a changing climate. There are important les-
sons in this experiential approach as the IPCC seeks to
communicate its message to a broad public, including
those who distrust science and scientists (Makuch and
Aczel, 2018; Herman et al., 2019). The IPCC's website, in
the section titled “Engage with the IPCC," lists opportuni-
ties to contribute to the science and review processes of
the IPCC and acknowledges the roles and contributions
of volunteers to the production of reports, by “hundreds
of experts in different fields” (IPCC, n.d.). Such contribu-
tions can include data collected through citizen science
projects run with expert scientists and young people.
Citizen science projects can be designed to align with
the IPCC's goals and projects related to environment, cli-
mate change, and sustainability that seek to understand
and communicate the science behind these areas of con-
cern. Some examples designed for local needs and that
could be adapted include surveys of animal populations
and monitoring changes over time (Scotland, Argentina,
Massachusetts, the United States),® monitoring weather
patterns (the United Kingdom, North America),® and mon-
itoring marine biodiversity and marine pollution (Scot-
land, California)* (Hidalgo-Ruz and Thiel, 2013; Locritani
et al., 2019). The projects can be designed at a variety of
age- and skill-appropriate levels and under the guidance
of an experienced science professional to collect and ana-
lyze data, ask questions about the data, and learn how to
think about the meaning of evidence in new ways and
more (Makuch and Aczel, 2020). Even young children have
the potential to participate. For example, in a project in
Oslo, Norway, young people ages 6—12 in schools moni-
tored local air quality with a simple and inexpensive
method using paper and petroleum jelly (Castell et al.,
2021). Developing age- and skill-appropriate programs
requires staff training and targeted approaches and iden-
tification of resources within communities to work with
scientists on appropriate goals for these young people.

2. For example, Urban Flora of Scotland, https://www.
botanical-society-scotland.org.uk/Urban_Flora_of_Scotland;
Firefly Watch, https:/www.massaudubon.org/get-involved/
citizen-science/firefly-watch; Penguin watch, https:/www.
zooniverse.org/projects/penguintom79/penguin-watch.

3. For example, Natures Calendar, https://naturescalendar.
woodlandtrust.org.uk; Community Collaborative Rain, Hail, and
Snow Network, https:/www.cocorahs.org/.

4. For example, Community-led Marine Biodiversity
Monitoring Project, https://www.nature.scot/
communitymarinesurvey; Beach Watch, https://farallones.noaa.
gov/science/beachwatch.html.
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We acknowledge that access to trained scientific
experts and supervision of young people can take differ-
ent forms within diverse communities. For example, it
may be possible to leverage existing infrastructures
including schools with “experts” to give guidance to pro-
jects. As an example, mobile cell phone networks have
proven effective in improving diagnosis, screening, and
therapies in developing countries and underserved com-
munities lacking comprehensive medical resources but
where mobile phones are widely used (Celi et al., 2009).
One potential strategy for supervision in climate change—
based citizen science is to take advantage of mobile phone
networks to connect participants with local mentors, who
in turn can be connected to trainers/advisors based at
a distance from the home communities of young people
and mentors. This approach can allow for incorporation of
forms of knowledge other than “traditional” and take
advantage of local mentors with extensive knowledge
from experience of changes in biodiversity or other ele-
ments within communities. We emphasize the need for
citizen science projects to be local in design and incorpo-
rate needs and interests of the communities—and be
aware of ways that information is transmitted within these
communities, including access (or lack of access) to com-
puters or phones.

Citizen science can play an important role in promot-
ing intergenerational dialogue and collaboration,
acknowledging that climate change issues affect all mem-
bers of a community, particularly youth and the elderly.
For example, a participatory early warning monitoring
program in Brazil created intergenerational dialogue on
how to manage risk (Marchezini et al., 2017). Moreover,
Mannion and Adey (2011) claim that place-based educa-
tional programs such as local scale monitoring provides
a way for adults and youth to collaborate and communi-
cate around issues of local concern. Additionally, there are
key opportunities for enhancing intergeneration commu-
nication and co-creation of solutions around climate
change (Brown and Lock, 2018; Albagli and Iwama, 2022).

The European Citizen Science Association (ECSA) has
developed 10 Principles of Citizen Science to guide best
practices. While not child, young person, or climate
change specific, the principles include best practice
related to ethics and participation. For example, Principle
1 states: “Citizen science projects actively involve citizens
in scientific endeavour that generates new knowledge or
understanding. Citizens may act as contributors, collabora-
tors, or as project leader and have a meaningful role in the
project” (ECSA, 2015). Further, “[t]he leaders of citizen
science projects [should] take into consideration legal and
ethical issues surrounding copyright, intellectual property,
data sharing agreements, confidentiality, attribution, and
the environmental impact of any activities” (Principle 10);
Principle 9 encourages that, “Citizen science programmes
are evaluated for their scientific output, data quality, par-
ticipant experience and wider societal or policy impact”
(ECSA, 2015).

Direct participation of citizens, including young peo-
ple, can provide exposure to the scientific method and
reduce public or community doubt in science (Follett and
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Strezov, 2015; Garcia-Holgado et al., 2020). Citizen science
is by definition jointly created scientific knowledge and
can have the advantage of including a wide range of actors
in the process, including marginalized populations,
women, Indigenous people, and young people (Groulx
et al,, 2017). Groulx et al. (2017, p. 69) explain that “[r]ig-
orous science is an integral part of defining and promot-
ing action in the face of climate change, but so are
legitimate opportunities for citizens to engage with the
climate change discourse, define local priorities, and
meaningfully influence decisions. Citizen science is one
model of communication and engagement that has the
potential to create such opportunities.”

2. Policy benefits

Studies have shown that citizen science is both an object
of policy and an instrument leading to improved policy
(Schade et al., 2021). Citizens at the local level could
potentially both monitor and implement the UN's sustain-
able development goals (SDGs) (Fritz et al., 2019). Young
people can gather research data and evidence that they
might use to inform local decision-making on issues that
address child-centric concerns and challenges, guiding
adult decision-makers in a more inclusive and expansive
way. Further, young people can potentially empower
themselves (and others, such as their parents) through
knowledge acquisition and skills in acquiring and inter-
preting scientific findings and contributing to a body of
knowledge. They may also become equipped enough to
engage with international processes in relation to relevant
climate and environmental treaty processes. Citizen sci-
ence projects can contribute to the active participation
of young people in environmental decision-making,
whether directly through reporting to a panel, or indi-
rectly, through their contributions to a report or other
form of evidence. Citizen science can thus arguably be
linked to participatory democracy and accountability
(Moran and Rau, 2016).

To this end, if young people are to participate as active
decision-makers and contributors to conversations on
reversing anthropogenic climate impact, they need oppor-
tunities to develop the skills and scientific knowledge that
can make them effective in these roles. Regarding the
contributions of citizen science to achieving the UN's
SDGs, Fraisl et al. (2020) argue that “Citizen Science pro-
vides the means to inform policy, which could raise trust,
credibility and ultimately accountability in the SDG mon-
itoring process.” This is particularly important as public
distrust of science and the proliferation of “fake news”
have been well-documented and arguably impedes public
acceptance of a coherent and science-based strategy to
address climate change (Prasad, 2019).

3. Societal benefits

While citizen science programs that target young people
of various ages pose unique challenges, studies show that
well-designed programs with clear aims can yield valuable
benefits. For example, engaging younger audiences in
environmental research can improve awareness of envi-
ronmental issues, understanding of science and
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contribute to their becoming more “aware” and commit-
ted citizens of their communities through collecting data,
such as on wildlife populations including birds in their
local or nearby communities (Pitt and Schultz, 2018; Clark
et al.,, 2020; Soanes et al., 2020). Recently, it has been
suggested that a citizen science project aimed at youth
to test the efficacy of face masks to prevent Covid-19
transmission could have social benefits by increasing mask
use and reducing the community’s risk of infection (Eich-
ler et al., 2020).

Citizen science is a participatory process and an inclu-
sive learning experience, with the opportunity to contrib-
ute to environmental justice, and young people can thus
learn from and contribute to an evolving body of environ-
mental knowledge and scientific enquiry, developing envi-
ronmental responsibility as citizens (Butler et al.,, 2016;
Moran and Rau, 2016; Liebenberg et al., 2017; Makuch
and Aczel, 2018; Clark et al., 2020). Article 12 of the UN
Convention on the Rights of the Child acknowledges the
right of young people to participate in information
exchange and have their concerns and perspectives
acknowledged in a meaningful way (UN Committee on
the Rights of the Child, 2009, 2017). The 1998 Aarhus
Convention promotes the inclusion of young people in
environmental decision-making (UNECE, 1998). Principle
21 of the Rio Declaration states: “The creativity, ideals and
courage of the youth of the world should be mobilized to
forge a global partnership in order to achieve sustainable
development and ensure a better future for all” (UN Con-
ference on Environment and Development [UNCED],
1992).

In this light, we argue that as citizens with the right to
participate in decision-making in activities with profound
impacts on their current and future well-being, young
people have the right of access to information and partic-
ipation in decision-making. Their participation in citizen
science projects focused on climate science and sustain-
ability has the potential to give them the tools to enact
meaningful change as well as benefit their individual and
collective development.

Youth-centered citizen science projects should be
designed to be inclusive to accommodate the diverse
needs, abilities, and socioeconomic geographies of parti-
cipants (Senabre Hidalgo et al., 2021). Ideally, child-
centered citizen science projects will not exclude young
people who do not have access to the latest technology
(such as a mobile device) or use able-ist methods that
exclude people with disabilities, but can be codesigned
with specific communities of young people and their guar-
dians to accommodate the various forms of child contri-
bution, including that of disabled children. Prior consent
and ethical and safeguarding procedures need to be
designed and followed to ensure that young people are
not exploited intellectually, physically, or otherwise
(Makuch and Aczel, 2018; Senabre Hidalgo et al., 2021).
Protocols have to be agreed at the design stage of citizen
science projects to ensure that young people and the con-
tribution of their data through their labor is not exploited
(such as being sold to third parties or written into research
papers without acknowledgment). Allowances also need
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to be made for the fact that the quality of data collected
by young people may vary by ability and age, but a well-
designed citizen science project can accommodate age
and ability appropriately.

While young people may adopt and absorb information
from their parents, there is evidence that information can
go the other way, as well, as young people in turn may
influence the thinking of their parents and other adults on
climate issues (Lawson et al., 2019). We argue that hands-
on environmental citizen science projects can potentially
serve as educational and communication tools if a project
is specifically designed with clear, and age-/ability-
appropriate objectives, such as collecting data on species
to determine extent of populations or coverage. Citizen
science by definition engages the public in collecting
robust scientific data and promoting the co-creation of
scientific and environmental knowledge (Dickinson et
al., 2012). Including young people in citizen science may
further broaden the scope of the research due to the
unique ways of young people viewing and enquiring
about the world (Grover, 2004; Makuch and Aczel, 2018).

Young people are citizens of their communities and the
world, as they have a stake in current and future sustain-
ability of the planet and their local environment, and will
be affected by climate change, arguably more so than
adults due to the potential for greater impacts on their
current and future lives (Nishiyama, 2017; Makuch and
Aczel, 2018; Stanberry et al., 2018). Young people as citi-
zens should be included in “decision-making and
problem-solving processes with adults"—and not relegated
just to “youth congress[es]” or similar (Nishiyama, 2017).
Inclusion of young people in citizen science projects can
help make public participation initiatives more capable
and inclusive, something that has been called for in the
evolution of environmental law and policy, including that
related to climate change (UN Framework Convention on
Climate Change, 2015).

B. IPCC—Current role and benefits of

adopting a child/young person citizen

science mandate

The IPCC provides a forum for joint expert and state col-
laboration on data production, evidence gathering, and
analysis, largely following a top-down model of research-
ing and disseminating information about climate change
and its impacts. Shackley (1997) expressed concern over
“whether the IPCC can make its knowledge more socially
relevant and trusted by bridging the gulf which exists
between scientific experts and on-the-ground decision
makers and members of the public,” a question relevant
for us in this commentary. Hulme and Mahony (2010)
note the lower percentage of social scientific studies (less
than 10%) evaluated by the I[PCC compared to those from
the natural sciences as well as a deficit in research from
the Global South. Sharma (2012) argues “that global cli-
mate change is primarily a societal issue that needs a soci-
etal response much more than a technological one.” Beck
and Mahony (2018) describe the IPCC as a “boundary
organization” at the intersection of science and policy,
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namely a body that mediates the flow of knowledge
between scientists and policy makers.

The IPCC, its parent organization being the World
Meteorological Organization, is very data-driven on
a macro monitoring scale. There have been 6 assessment
cycles and reports (the final report from cycle 6 was pub-
lished in 2021 and 2022) produced since the IPCC was
established in 1988, and numerous special reports and
working group reports, which have led to the develop-
ment of multilateral environmental agreements, national
policy changes, new forms of innovation and research,
among other things (IPCC, n.d.). We see the contribution
of citizen science studies as a potential enhancement to
this formal work. Dudman and de Wit (2021) offer that
the IPCC is not doing enough to include different knowl-
edge forms or “alternative forms of contributions” or to
make their information gathering more inclusive.
Although not centered on citizen science and young peo-
ple, per se, this assertion aligns with our proposal in this
commentary. Citizen science can address this alleged def-
icit through a bottom up method of data gathering and
science engagement, which can arguably complement the
current IPCC approach, and capture a variety of data and
a richness of evidence on climate change that may well
not be the immediate focus, or even practically possible,
within the current scope of work of the IPCC. There are
195 members of the IPCC, each with varying resources and
capacity levels for undertaking formal science and assess-
ment. There are thus 195 countries with a rich pool of data
and evidence and experiences that can be encapsulated
and assessed through citizen science. We aver that an
opening up of the IPCC processes to include citizen sci-
ence, and specifically one which engages young people,
will broaden the data pool and evidence base of climatic
change and impacts, particularly those that arise at the
localized level, species level, and other micro levels, mak-
ing science more democratic and not just for experts.

Through citizen science, a variety of data can be uploaded
and reported to online repositories, projects can be moni-
tored, and trends can be evaluated, through an expanded
system of expert volunteers at the IPCC, to complement the
current IPCC model. The IPCC can use this citizen science
data much like it does with current “formal” scientific data,
in providing its advice to governments (directly) and a myriad
range of non-governmental actors (indirectly). Engaging with
young people in this exercise also helps to build a future
citizenry of emerging experts, analysts, observers, and guar-
dians of nature. Further, such approaches to obtaining data
may well have the power of persuading the current climate
change deniers of the real urgency of climate change, more
so if some of the study sites and data are localized and
specific to the life and experience of individuals. Such data
can also be made accessible to those engaging in citizen
science research, so that projects might be emulated and
educational benefits shared.

As the IPCC is mostly an institution that provides sci-
entific advice to governments (hence, “Inter Govern-
mental”) and it does not take on the role of running any
sort of educational initiative beyond the provision of
reports that might be downloaded and studied in an
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educational setting, without much extra effort and
resources use, the IPCC could create a citizen science data
hub/library and project portal to enhance its reach. There
could be a concurrent educational and awareness-raising
focus via this hub, particularly if the science and research
findings of said projects are presented in a way that makes
science accessible to young persons and the less-expert lay
person. Further, projects can be openly evaluated and also
replicated. Data can ideally be accessed for free, which
may allow researchers to collaborate, spot trends, and
anticipate environmental change. ECSA Principle 7 is
aligned with these objectives: “Citizen science project data
and meta-data are made publicly available and where pos-
sible, results are published in an open access format. Data
sharing may occur during or after the project, unless there
are security or privacy concerns that prevent this.”

Lack of empathy or lived experience in relation to cli-
mate impacts, harm, and disasters may result in denialism,
cognitive dissonance, lack of engagement, and minimal
behavior change. This may be compounded if scientific
data are abstract, remote, or inaccessible. Conversely, if
scientific data are more accessible or localized this is likely
to be more motivating for people. Moser and Dilling
(2011) asserted in their work in 2011 “that people in
a democratic society, are best served by actively engaging
with an issue, making their voices and values heard, and
contributing to the formulation of societal responses.”

While the IPCC probably cannot do a lot to create and
manage citizen science programs, it can still do a lot to
diversify its sources of knowledge, recognize a broader
range of knowledge production processes, and set exam-
ples and precedents for connecting inclusive citizen sci-
ence with a wide array of national and subnational level
educational and policy actions/actors. For example, we
did not find any evidence of the inclusion of the citizen-
derived data or contributions of young people in the 6
[PCC assessment reports.

We are not the only commentators who suggest includ-
ing young people in the IPCC process. While writing this
commentary, the IPCC Working Group III published their
report.” A related letter to the Guardian Newspaper in
light of the above demands that “Children must shape the
global response to climate crisis”: “We call on the national
governments that direct the IPCC to recognize the impor-
tance of young people and future generations by commis-
sioning an IPCC special report on young people and
climate change. This can synthesize not only the evidence
of impacts of climate change on young people, but also
evidence on what works to protect their rights—including
their ability to understand and take action on climate
change” (Tanner et al., 2022).

Integrating citizen science projects undertaken with
children and youth into the IPCC process can offer the
following benefits:

5. Climate Change 2022: Mitigation of Climate Change, the
third part of the Sixth Assessment Report, 4 April 14th Session
of Working Group Il and 56th Session of the IPCC, https://
www.ipcc.ch/report/ar6/wg3/.
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1. Scientific benefits

Communicating the complex science behind climate
change leading to individual and community behavioral
changes as the desired outcome is challenging, as evi-
denced by the numbers of people who deny (or are skep-
tical about) human-induced climate change (Wong-Parodi
and Feygina, 2020). Responding to the need to improve
communication of complex findings, the IPCC commis-
sioned in 2018 a handbook for its report authors: Princi-
ples for effective communication and public engagement on
climate change (Corner et al., 2018). Moreover, in line with
the emphasis on inclusiveness the IPCC has pro-actively
included youth representatives at policy workshops and
discussions on impacts of climate change and incorpo-
rated their input into policy recommendations. We aver
that this process can be further enhanced by integrating
child/youth citizen science projects into the IPCC process.

Many citizen science projects have contributed data
useful in evaluating climate change—especially studies
that require large data sets. For example, citizen scien-
tists—hikers in New Hampshire's White Mountains—col-
lected data on wildflower communities along hiking
trails that was used to analyze climate impacts, as alpine
flowers are sensitive to effects of climate (MacKenzie et
al.,, 2017). In Sweden, 3,500 high school students, with
basic science knowledge and in conjunction with their
teachers, measured air and water temperature differ-
ences (Weyhenmeyer et al., 2017). This project not only
contributed to valuable data on global warming but also
reinforced classroom science learning. Other studies have
shown a wide range of citizen science projects involving
both young people and adults that can add to the body of
climate science data (Pohle et al., 2019; Castagneyrol et
al., 2020). Research has shown the benefit of contribu-
tions of even very young people to information on
changes in ecosystems due to anthropogenic actions
(Miczajka et al., 2015).

Changes in political and economic circumstances, in
addition to global crises such as the Coronavirus pan-
demic, can impact both governmental budgets and cause
fluctuations in the amount of investment available for
environmental research and monitoring (Andrijevic et
al., 2020; Ecker et al., 2020). In this context, and particu-
larly within the context of the economic collapse follow-
ing the COVID-19 pandemic, citizen science may increase
capacity in data collection and evaluation through leverag-
ing the contributions of volunteers (Ellwood et al., 2017,
McKinley et al., 2017). Lack of coverage in certain geo-
graphic areas, or within economically disadvantaged com-
munities, poses a problem for understanding and
responding to climate impacts, with potential to close this
gap through smartphone technologies that do not require
literacy, for example, such as applications that use pictures
or symbols (Liebenberg et al., 2016). Project design and
engagement strategies can similarly be adapted for young
people with different levels of literacy, or with physical or
developmental or language barriers and can further be
designed to consider cultural and socioeconomic factors,
leading to a more inclusive approach to decision-making
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on climate issues (Hart, 1997; National Academies of
Sciences, Engineering and Medicines, 2018).

Following from the aims of inclusive participation as
defined in international agreements, a key objective of the
IPCC is to engage the science community and citizens
from developing countries and diverse socio-economic
contexts—a goal that is not easy to attain due to lack of
representation in science publications produced in certain
regions (Yamineva, 2017). Incorporation of citizen science
and, specifically, training of and encouragement of young
people in science fields may have the benefit of moving
toward a correction of this imbalance.

2. Policy benefits

Recent attention has focused on how to make the IPCC
reports readable and understandable by target audiences,
including policy makers, climate specialists, governance
officials and the public (Harold et al., 2020). To better
include diverse members of communities—including
young people—in discussions and in decision-making on
environment and climate issues, the IPCC needs to
develop strategies to make findings and the science
behind them accessible. This is turn will result in a broader,
more comprehensive and inclusive approach to policy
making. Having young people involved in “doing” science
is one way to address the deficit. We are reminded here of
the relevance of ECSA Principle 3: “Both the professional
scientists and the citizen scientists benefit from taking
part. Benefits may include the publication of research out-
puts, learning opportunities, personal enjoyment, social
benefits, satisfaction through contributing to scientific
evidence, for example, to address local, national and inter-
national issues, and through that, the potential to influ-
ence policy.”

Amassing data that have been acquired through citizen
science can arguably lead to broader, far-reaching and
more impactful policy making if such data are from a vari-
ety of projects, a broader range of people, and a range of
geographical areas.

3. Societal benefits
Making the IPCC more inclusive through citizen science
and including young people can benefit society. The IPCC's
work should include a wide range of diverse scientific
views and perspectives, not only technical expert apprai-
sals of peer reviewed science, from all over the world, and
within a wide range of communities. Young people in
particular have a unique and valuable outlook. For exam-
ple, young people are naturally curious and inquisitive,
ask insightful questions, and are open to new ideas—char-
acteristics that can extend and strengthen their citizen
science experience and are valuable in their participation
in conversations about effective approaches to climate
issues (Jenkins, 2011; Moore et al., 2018). Moreover,
engagement of young people and incorporation of their
unique perspectives can help broaden the scope of opi-
nions and enhance the diversity of perspectives incorpo-
rated in the IPCC reports (Robertson and Tisdall, 2020).
In parallel, the IPCC should do more to support citizen
participation in climate change through science. Principle
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10 of the 1992 Rio Convention states that “[e]nvironmen-
tal issues are best handled with participation of all con-
cerned citizens, at the relevant level. At the national level,
each individual shall have...the opportunity to partici-
pate in decision-making processes. States shall facilitate
and encourage public awareness and participation by
making information widely available ..." (UNCED,
1992). This statement of inclusive participation justifies
the active involvement of young people in environmental
decision-making, including collection of baseline data,
observing species proliferation and decline, forming an
opinion, and more.

Beyond contributing to a body of data on climate
change, citizen science projects can benefit young people
in both rural and urban environments. Collecting data
related to climate change would typically take place out-
doors. There is ample evidence that exposure to nature
has wide-ranging developmental benefits for young peo-
ple, including cognitive and mental health benefits (Till-
mann et al., 2018; Dopko et al., 2019). Additionally,
research shows that experience with nature can lead to
life-long environmental stewardship (Wells and Lekies,
2006; Cheng and Monroe, 2012; Makuch and Aczel,
2018; Collado and Evans, 2019). Environmental citizen
science, therefore, can be an important way for young
people to experience nature—particularly important with
increased urbanization and loss of many opportunities to
participate in natural surroundings available to previous
generations.

Encouraging interest in and opportunities for engage-
ment in climate science research and communication
amongst groups that may traditionally have been
excluded from these fields or suffer from environmental
discrimination or inequity—including young people—can
bring about social, educational, health and developmental
benefits to participation (Makuch and Aczel, 2020). Thus,
engaging young people in citizen science projects that
contribute to the IPCC goals can help to address these
deficits by enabling young people to become engaged in
a meaningful climate change-related hands-on science
(Trajber et al., 2019; Makuch and Aczel, 2020).

Citizen science allows for young people to learn about
nature and the environment in an immersive and struc-
tured way, benefiting from the solid disciplines and under-
pinnings of scientific inquiry, while being engaged in an
experience that will impact the formation of their role as
future custodians of the world and also as potential future
scientists. Similarly, connecting citizen science with the
IPCC, and in turn connecting the IPCC directly within
school curricula can further enhance environmental edu-
cation, encourage greater engagement, and enable
schools to benefit from the data of the IPCC, in addition
to contributing to the growing body of data.

Citizen science can aid in the communication of cli-
mate science. Children and young people, and researchers
involved in the acquisition of data can “see” how the
environment is being affected by climate change through
the experiments and the data. This may have an educa-
tional benefit but may also influence behavioral change
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and equip future guardians of the environment and future
decision-makers.

C. Some practical ways in which the IPCC might
support citizen science and youth

participation

We are not asking the IPCC to think beyond its established
boundaries and roles. It is not an educator, nor does it
have partnerships with schools. The IPCC also is not
a grant-making institution so it cannot disburse grants.
However, it can do a lot to point to the need for these
matters to be addressed, through other mechanisms such
as the UN, the World Bank or the Global Environment
Fund. The IPCC is about gathering, evaluating, assessing
and applying evidence, in order to bring about change. In
relation to our central thesis, we propose the following:

e The IPCC website could include a specific portal or
section with simple language in addition to visual
depictions to allow climate scientists to share data
and ongoing research in a “citizen accessible” way.
The portal could host contributions of citizen science
studies that are on-going or have been completed
including those with contributions from child/youth
citizen scientists. This sends the message about
inclusion, participation and engagement, and shares
and distributes a range of climate data, as well as
sharing knowledge and evidence and making it
accessible.

e The IPCC website should include information on cit-
izen science projects related to climate that young
people can join and additionally provide best prac-
tice guidance for researchers on inclusive and
accessible.

e The IPCC could host a portal of accessible citizen
science data, designed to help others develop curric-
ula partnerships with schools and universities on
climate science, including opportunities for hands-
on data collection/analysis.

e The IPCC portal could share and promote outreach
activities designed by citizen science project leaders
specifically for young people, with citizen science
components and replicable citizen science projects
and guidance.

e The IPCC could initiate a mentorship program with
IPCC scientists, including early career scientists, with
youth through schools or other formats; develop
mentorship models specific to cultural and social
environments with citizen science experiential
components.

e Recognizing underrepresentation of particular
groups of young people, IPCC could encourage citi-
zen science projects in collaboration with schools,
community organizations, and others, to improve
effectiveness of participatory science and communi-
cation with diverse audiences, acknowledging learn-
ing differences, physical capacity differences, current
underrepresentation of particular groups, and more.

e To motivate young people to participate in citizen
science activities, [PCC could support projects at this
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scale and include mechanisms to include local men-
tors, particularly those with IPCC working experi-
ence, including those with Indigenous knowledge.

e The IPCC, in collaboration with the ECSA or other
citizen science organizations could design online
and hardcopy guidance documents for best practice
in climate citizen science and specifically aimed to
include young people. This ought to include ethics,
safeguarding, safety, diversity, inclusion, age-
appropriate and accessible research methods,
cultural and social considerations, economic consid-
erations, and geographic and country-/region-
specific recommendations. There is much scope for
in-situ collaboration with universities and research
organizations in designing country-specific guid-
ance, which can be linked to relevant authorities
working on national climate change matters.

e The IPCC can make recommendations for the cofi-
nancing of citizen science projects, through the
existing Paris Agreement and other “climate” finan-
cial mechanisms where advanced technology or
equipment may be needed for citizen science. This
is in the spirit of common but differentiated respon-
sibilities, benefit sharing and capacity building.

e The IPCC should promote diverse voices among
youth citizen scientists, acknowledging that ‘youth’
is not a homogenous category and that there are
differences in access to resources with youth in the
global North having greater access (Yona et al.,
2020).

D. Concluding remarks
ECSA Principle 6 reminds us that “Citizen science is con-
sidered a research approach like any other, with limita-
tions and biases that should be considered and controlled
for. However, unlike traditional [scientific] research
approaches, citizen science provides opportunity for
greater public engagement and democratization of scien-
ce.” We aver in our work that children and young people
are able to undertake citizen science research if the pro-
jects are well-designed and executed (Makuch and Aczel,
2018). Climate change is anthropocentric in its causes and
in its solutions. To this end, engaging a broader pool of
scientific research and researchers can arguably accelerate
the evidence base and policy-making in this space.
Citizen science has the capacity to bridge the gap
between science and policy, and between generations.
Moreover, it can operate on multiple scales from global
monitoring schemes to local activities, enabling partici-
pants to think global act local (Schade et al., 2021). We
can also teach future guardians of our planet how to ‘do’
science as well as raise awareness as to cause and effect of
environmental harm. Broadening the remit of data and
knowledge and evidence that is reviewed by the IPCC can
bring huge benefits to the international scientific commu-
nity, as well as law and policymakers. If citizen science
projects are undertaken in a variety of locations, we can
also show that no community is immune from the
impacts of climate change. The recent April 2022 IPCC
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Working Group Two Sixth Assessment Report recom-
mends a greater role for citizen science in the IPCC process
and there is no reason why this cannot, and should not,
include children and young people (IPCC, 2022, Summary
for Policy Makers). The benefits to sciences, policy and
society are manifold.
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