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Traditional data sources are not sufficient for measuring the United Nations Sustainable Development Goals. New and non-
traditional sources of data are required. Citizen science is an emerging example of a non-traditional data source that is already
making a contribution. In this Perspective, we present a roadmap that outlines how citizen science can be integrated into the
formal Sustainable Development Goals reporting mechanisms. Success will require leadership from the United Nations, innova-
tion from National Statistical Offices and focus from the citizen-science community to identify the indicators for which citizen

science can make a real contribution.

providing new opportunities for monitoring and track-

ing the progress of the United Nations (UN) Sustainable
Development Goals (SDGs)'. As the latest framework for assessing
and monitoring the alleviation of poverty, inequalities and environ-
mental degradation, progress on meeting the 17 SDGs is evaluated
through reporting on a hierarchy of 169 targets and 232 indicators’
(Box 1). Here we argue that data produced through ‘citizen science”,
which is the involvement of citizens in scientific research and/or
knowledge production, can complement and ultimately improve
the SDG reporting process. We demonstrate the value of using data
from citizen science for the SDGs, providing concrete examples of
how such data are currently being adopted in support of existing
SDG indicators and their potential for contributing to future indica-
tors. We start by examining issues related to traditional data used in
SDG reporting and how the emergence of new sources can fill data
gaps. We then place citizen science in the broader context of these
non-traditional data streams available for SDG reporting, and high-
light the value of citizen-science data for the SDGs. We conclude
with a roadmap containing a set of actions for mainstreaming the
use of data from citizen science into official SDG reporting at global
and national levels, with a proposal for supporting activities at
the local level.

Q dvances in technology and the proliferation of data are

Data issues in SDG reporting

Traditional sources of data collected by national statistical offices
(NSOs), government ministries and international organizations
currently provide the main input to SDG reporting*. Although valu-
able and necessary, these traditional sources of data, nevertheless,
fall short in several ways. First, these data are costly to obtain, with
population censuses ranging from hundreds of millions to US$12
billion (ref. °), while sample-based methods such as household sur-
veys cost on average between US$460,000 to 1.7 million depend-
ing on the type of survey used’. Due to these high costs, the cycle
of data collection is often infrequent, and hence these traditional
data sources can quickly become outdated. In addition, the data are
reported at the national level so spatial variations across a country
are not often captured. Finally, questions have been raised about
the accuracy, openness and coverage of some official data sets’.
For example, concerns regarding the veracity of agricultural sta-
tistics provided by member countries to the Food and Agriculture
Organization of the United Nations (UN-FAO) have been discussed
in the past’.

On the question of coverage and openness, the global Open
Data Inventory has compiled statistics for each country; coverage
is defined as having social, economic and environmental statis-
tics available for a minimum number of years while openness is a
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Box 1| The SDG framework

In September 2015, the United Nations 2030 Agenda for Sus-
tainable Development, which consists of 17 SDGs, was ratified’.
This agenda provides a framework upon which governments can
implement policies and actions towards achieving these goals
by 2030. The SDGs cover many areas including, among others,
poverty, food security, energy, health and well-being, inequality,
gender, production and consumption, urbanization and numer-
ous environmental issues affecting land and marine ecosystems
as well as climate change. Strengthening global collaborations in
implementation is the subject of SDG 17.

Each SDG can be elaborated as a series of targets, which can be
monitored over time using 232 indicators. The global indicator
framework is developed and implemented by the IAEG-SDGs,
consisting of member states and regional and international
agencies. Data are sourced primarily from global databases
maintained by international organizations, national statistical
offices and other government agencies. The development of some
indicators is still ongoing (see Box 2). The national governments
of member states have ownership over the SDG process and can
report their progress as voluntary national reviews to the High-
level Political Forum on Sustainable Development (HLPF),
which meets annually. Established in 2012, the HLPF has the role
of reviewing the agenda, following up with member states, and
monitoring progress at the global level.
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Fig. 1| Boxplots of data coverage and openness by continent for 21 data
categories for 2018. Black diamonds indicate the weighted continental
average by population. The horizontal line in each box is the median.
The limits of the boxes are the lower (Q1) and upper quartile (Q3) of

the distribution. The length of the box is the interquartile range (IQR).
The limits of the whiskers are the minimum and maximum values. The
minimum is calculated as Q1 - 1.5 x IQR while the maximum is Q3 + 1.5 x
IQR. The data points outside the box are outliers, which are points falling
outside the expected range, that is, outside the calculated minimum and
maximum. Data coverage refers to data availability in the last 10 years
while data openness refers to five elements weighted equally, namely
machine readability, use of non-proprietary formats, download options,
metadata availability and terms of use. For more information, see the
Supplementary Information. Data source: the Open Data Inventory
(https://odin.opendatawatch.com/data/download).
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Box 2 | SDG indicator classification by tiers, methodology and
current status

Tier I: the indicator is conceptually clear, has an internationally
established methodology and standards are available. Data are
regularly produced by countries for at least 50% of countries, and
of the population, in every region where the indicator is relevant.

Tier II: the indicator is conceptually clear, has an internationally
established methodology and standards are available, but data
are not regularly produced by countries.

Tier III: no internationally established methodology or
standards are yet available for the indicator, but methodology/
standards are being (or will be) developed or tested.

All Tier I1I indicators require a work plan and methodological
development to be approved by the IAEG-SDGs. Created by the
UN Statistical Commission, this group is comprised of member
states of the UN. The proposed methodology is then tested in
one or several countries as pilots. After the methodology is
refined and finalized, it can be submitted to the IAEG-SDGs for
review and validation.

Tier I data are available for at least 50% of countries whereas
Tier II data are not regularly produced. In contrast, Tier III
indicators have no standardized international methodology
for data collection and are either being developed or will be
developed in the future. At present, there are 104 Tier I, 88 Tier
II, 34 Tier III indicators and six with multiple tiers (https://
unstats.un.org/sdgs/iaeg-sdgs/tier-classification/). =~ Countries
can also propose alternative indicators based on their available
data sets and specific country needs*'. Moreover, the proportion
of the Tier III indicators is much higher for the environment-
related SDG indicators, with roughly 30% in the Tier III category.

combined factor regarding accessibility of the data (see Supplementary
Information for more details). Figure 1 shows the variation in the
coverage and openness of official statistical data by continent, which
demonstrates large disparities across and within the continents.
Moreover, greater coverage and openness are visible in continents
that have more developed or affluent countries (see Supplementary
Fig. 1b-f for a breakdown by country). One can also see a posi-
tive relationship between coverage and openness (Supplementary
Fig. 1a), which suggests that countries with greater capacity for data
collection are also more likely to make their data open.

The gaps in statistical data coverage, identified here, need to
be filled. Increasing national statistical capacity is one approach,
but this requires investment. As there have been recent reported
declines in the financing of sustainable development more gen-
erally, particularly in developing countries®, this option may not
occur. Another approach would be to complement official systems
for SDG reporting with new, non-traditional data sources. The lat-
ter could contribute to Tier I and II indicators, but more impor-
tantly, could provide alternative methodologies and data sources for
Tier III (see Box 2).

New sources of data for SDG reporting

Figure 2 shows the traditional data used for SDG reporting by
NSOs, other ministries and international organizations (top of
Fig. 2); these latter sources still form the main contribution to the
SDGs. For example, of the 104 Tier I indicators, where the methods
and data sources are established and documented in accompanying
metadata, 102 indicators are based on these traditional data sources.
At the same time, Fig. 2 demonstrates that there are now so many
other non-traditional sources of data available; these are products
of the ‘data revolution, which are increasingly being recognized as
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Fig. 2 | Traditional and non-traditional data sources available for SDG monitoring and implementation. Traditional and non-traditional data sources are

shown in black and blue, respectively.

new and innovative sources of information for sustainable devel-
opment (for example, by the UN Secretary General’s Independent
Expert Advisory Group on the Data Revolution for Sustainable
Development’ and the Inter-agency and Expert Group on SDG
Indicators (IAEG-SDGs)""). Examples include:

o Official data sets compiled within national spatial data infra-
structures (such as buildings, roads and hydrological networks)
and geographic information systems.

o Official sensor networks, for example, those for monitoring
weather, air pollution and traffic'".

o Commercial data sets (for example, utility and telecommunica-
tion companies, Coca Colas global monitoring of water quality®
and commercial ‘data philanthropy’ spearheaded by UN Global
Pulse; https://www.unglobalpulse.org/data-for-climate-action).

« Earth observation (for example, satellite imagery, LIDAR and
drones).

o Multiple sources of data generated by citizens and volunteers,
both actively contributed through citizen science, or passively
through social media, location-aware mobile phone data and
low-cost sensors and wearables.

At present, some of these non-traditional data sources are used
for SDG reporting. For example, data from air pollution monitor-
ing stations are used by the World Health Organization (WHO) to
model particulate matter (for Indicator 11.6.2: ‘Annual mean levels
of fine particulate matter (e.g. PM2.5 and PM10) in cities (popula-
tion weighted)’), which then feeds into Indicator 3.9.1: ‘Mortality
rate attributed to household and ambient air pollution’. The Group
on Earth Observations (GEO) is spearheading efforts to support
SDG monitoring with Earth observation. In a report published in
2017, they indicated that Earth observation can support 13 goals, 71
targets and 29 indicators'~. However, more specifically, satellite data
are currently used in Tier 1 indicators 15.2.1: ‘Progress towards sus-
tainable forest management, which uses data from the 2015 Food
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and Agriculture Organization-Forest Resources Assessment (FAO-
FRA) exercise'?; 15.4.2: ‘Mountain Green Cover Index’'*; and 6.6.1:
‘Change in the extent of water-related ecosystems over time, which
uses the Global Surface Water Explorer data set, developed by the
Joint Research Centre of the European Commission'®. For national-
level reporting, see ref. ' for case studies in different countries.

The final source of non-traditional data shown in Fig. 2 is citizen-
generated data, which are defined as data produced by citizens and
their organizations in monitoring issues that affect them in order
to realize change'. The concept of citizen-generated data overlaps
with many other terms'” including citizen science, which is the focus
of this Perspective because there are now many examples of citizen-
science projects around the world covering a diversity of domains
that can contribute to the SDGs. For example, see SciStarter.org, a
search engine for citizen-science projects, and a recently published
inventory of citizen-science activities in Europe that address envi-
ronmental policies'. In the next section, we specifically consider
data generated from citizen science and why these data have value
for the SDGs.

Value of citizen-science data for the SDGs

Citizen-science data, like traditional data, can be characterized
according to five main dimensions as shown in the first inner ring
of Fig. 3. Each dimension has various features, shown in the second
inner ring, each of which can be shown to have value for the SDGs.
The full mapping is provided in Supplementary Table 1.

The first is the spatial dimension, which has three characteris-
tics: spatial reference, resolution and extent. Much of the data from
citizen-science projects have a spatial reference (for example, geo-
tagged photographs or location information from a mobile phone).
Hence, these data can contribute to the development of spatially
explicit indicators, complementing national indicator estimates. In
terms of spatial extent and resolution, citizen-science projects may
take place in locations that are otherwise hard to reach or more
remote (for example, through Adventure Scientists, a non-profit
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Fig. 3 | The five dimensions of citizen-science data, their features and their value for the SDGs. The five dimensions are shown in the inner ring, features

in the middle ring, and examples of their value in the outer ring.

organijzation aimed at collecting such data using a volunteer net-
work), or they may comprise denser and more abundant observa-
tions than traditional data sources, which could lead to a greater
spatial representation of an SDG indicator.

The second dimension is temporal, which has two main features:
duration and resolution. In terms of duration, the use of regular
campaigns or continuous data collection, which occurs in many
citizen-science projects, makes them well suited to monitoring SDG
targets. At the same time, this may positively impact the temporal
resolution at which the data are collected, that is, more frequent
update cycles as well as better early warnings are possible with data
collected by volunteers. This could then fill the temporal gap for
some of the SDG indicators, which is a problem previously identi-
fied with traditional data.

Third is the thematic dimension, which is comprised of thematic
subject areas, definitions and resolution. Citizen-science projects
cover a wide range of subject areas relevant to the SDGs (for exam-
ple, water and air quality, marine litter, biodiversity, health, and gen-
der issues). This diversity may help to address gaps in Tier II and
III indicators or provide new opportunities for Tier I for various
SDGs. Thematic definitions and resolution are related in that one
defines the vocabulary while the second determines how detailed
the vocabulary is. Some citizen-science projects may use richer,
more detailed, user-defined taxonomies compared to those found
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in more official data sets. This could potentially fill gaps in Tier II
and III indicators where data sets are still missing. The challenge
will be to harmonize thematic definitions and the resolution so that
they are compliant with SDG indicator definitions.

Process is the fourth dimension shown in Fig. 3, which has five
different aspects. The first is the purpose for which the data are
intended, that is, in a way that aligns explicitly with the goals of a
citizen-science project or whether the data are used for another pur-
pose, which is referred to here as implicit use. Though citizen-science
projects are generally not SDG-related, the data can, nevertheless, be
used implicitly for SDG indicators. The second aspect is cognitive
attention, which differentiates between the need for active interven-
tion during data collection or whether the data are being collected
more passively, for example, with low-cost sensors. Both types of
data can potentially be useful as new sources for SDG indicators.

Data collection and processing are the next two aspects of the
process dimension. Data collection may follow a strict sampling
design or protocol that is statistically robust and could, therefore, be
used to calculate an SDG indicator. Alternatively, it may be oppor-
tunistic, that is, allowing users to collect data on the presence of a
phenomenon anywhere in space and time. This type of ‘presence
only’ data will require some data processing and modelling to infer
the correct distribution of a phenomenon (for example, of the type
undertaken for determining species distributions'?).
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The fifth and last aspect is the driver of the process, that is, are
they contributory projects where scientists ask volunteers to col-
lect data, or more bottom-up initiatives driven by co-created and
collegial processes*’? In contributory projects, scientists can ensure
that data protocols align with the requirements of SDG indica-
tors. Co-created and collegial projects, in contrast, might promote
greater ownership and contributions to key SDG indicators that are
driven by the needs of the community.

The final dimension is data management. If data from citizen-
science projects are managed in line with the FAIR principles
(findable, accessible, interoperable and reusable)”, then they can
be found as potential new sources for Tier II and III indicators,
particularly if registered in portals such as the GEO Discovery and
Access Broker; they will be openly accessible and interoperable, so
that that they can be integrated with traditional data sources and
across citizen-science initiatives; and they will be reusable, which
means they have an associated license, metadata (with provenance)
and conform to domain standards. For example, the Citizen Science
Association (CSA) Data and Metadata Working Group is work-
ing to support interoperability between citizen-science projects as
well as developing and improving international data and metadata
standards. Since SDG reporting is done at the national level, indi-
vidual projects spread geographically can be linked to provide an
integrated source of information for monitoring SDG targets. An
example is the global platform eBird, which has become integrated
with existing regional platforms, harmonizing data with existing
projects and increasing the size and reach of the data available*.

Citizen science and data quality

Although we have demonstrated that citizen-science data clearly
have value for the SDGs, there is at least one major barrier to its
use: uncertainty regarding the quality of the data. This remains one
of the most discussed and researched aspects in the field of citizen
science”. Many papers have shown, however, that citizens are able
to make valuable and scientifically valid contributions that are on
par with professional scientists*. The Mosquito Alert citizen-sci-
ence initiative, for example, has demonstrated that data collection
is cheaper and quicker but can be obtained with the same level of
accuracy as traditional methods™.

The quality of data from citizen science can be evaluated using
the same measures as any other official data (for example, ISO19157,
a standard used to evaluate the quality of spatial data). This includes
measures such as positional and thematic accuracy, temporal cur-
rency of the data, completeness and representativeness over space
and time, and whether the data are fit-for-purpose. In addition,
other types of quality-assurance methods specific to the nature of
citizen science are needed, but many new, robust methods are now
available’**. Volunteer training and ongoing feedback are two of
the most obvious ways to improve quality but numerous approaches
have been developed, such as comparison with professionally col-
lected data, validation by experts, peer review, filtering of outliers
through automated processing, consensus-based methods includ-
ing weighting by volunteer performance, and use of standardized
and calibrated measurement tools*. Moreover, artificial intelligence
and data mining are now increasingly being used to improve quality
(for example, by providing hints to volunteers based on automatic
recognition of species from photographs)®. Systematic bias can be
handled using the same statistical methods that are applied to data
collected by professionals while approaches are being developed
for handling volunteer bias*, which is of particular relevance to
citizen science.

Many citizen-science projects use multiple methods to ensure
high data quality. Demonstrating high quality will be a key mecha-
nism in overcoming barriers to data use, as will showcasing examples
of where the data are already contributing to the SDG indicators.
Although not intended to be comprehensive, the examples that

926

follow provide evidence that citizen science is already starting to be
used in Tier I and II SDG reporting.

Citizen science for Tier | and Il indicators

Biodiversity and conservation are two areas with a strong citizen-
science presence and where contributions are already in evidence,
for example, Tier 1 Indicator 15.5.1: ‘Red List Index’ Compiled by
the International Union for Conservation of Nature and Natural
Resources, the Red List Index provides indicators that capture
the risk of extinction over time for four taxonomic groups: birds,
mammals, amphibians and corals. The organization BirdLife
International compiles all the data on birds for the Red List*’, which
comes from their network of scientists and more than 5,000 trained
volunteers (https://www.birdlife.org/worldwide/partnership/about-
birdlife). In addition, BirdLife International uses data from other
relevant citizen-science projects such as eBird for their list of threat-
ened bird species and hence Indicator 15.5.1; see, for example, the
use of Birdata and eBird from Australia (https://birdata.birdlife.org.
au/help). In the case of mammals, citizen scientists are helping iden-
tify species from photographs taken by camera traps including the
crowdsourcing of threatened species®.

Another example is the contribution of citizen science to the
establishment of protected areas. More than 20% of the world’s Key
Biodiversity Areas (KBAs), that is, areas designated as having inter-
national importance for biodiversity, completely overlap with exist-
ing protected areas while 35% have no protection”. KBAs contain
more than 13,000 Important Bird and Biodiversity Areas, which are
established by BirdLife International using data from their volun-
teer network™. Hence citizen science contributes to additional Tier
I indicators such as 15.1.2: ‘Proportion of important sites for ter-
restrial and freshwater biodiversity that are covered by protected
areas, by ecosystem type’; and 15.4.1: ‘Coverage by protected areas
of important sites for mountain biodiversity’

Atamore national level, community volunteers in the Philippines
are collecting household census data on poverty, nutrition, health,
education, housing and disaster risk reduction®, which are used
by the Philippine Statistics Authority to enhance their statistics on
32 SDG indicators, including both Tier I and II*>. Moreover, data
from volunteers have been formally recognized in the Philippine
Statistical Development Program as a means for enhancing local
data collection for the Philippine Statistical System®. In Peru,
participatory water monitoring programs enabling community
involvement in data collection for watershed planning* have been
supported by the National Water Authority of Peru, which aggre-
gates and reports national data related to SDG 6 (‘Clean water and
sanitation’). In the Andean region of Peru, local stakeholders, aca-
demic institutions and NGOs have formed the Regional Initiative
for Hydrological Monitoring of Andean Ecosystems (iMHEA) to
improve management of local water resources. The iMHEA net-
work has co-developed a robust and standardized water monitoring
protocol, and leverages partnerships with local universities to pro-
vide resources for training, equipment calibration, and data analy-
sis and management®. Although not currently contributing, such
initiatives could produce credible, supplemental data for the Tier II
Indicator 6.3.2: ‘Proportion of monitored bodies of water with good
ambient water quality’ while also directly supporting the achieve-
ment of SDG 6.b: ‘Support and strengthen the participation of local
communities in improving water and sanitation management’

Citizen science for Tier lll indicators

Tier III indicators represent the greatest potential for future contri-
butions of citizen science, both in terms of filling data gaps and in
methodological developments. At present, there are 34 Tier III indi-
cators across the 17 SDGs. Here we provide examples for three of
them: monitoring food waste (SDG 12); climate change (SDG 13);
and marine pollution (SDG 14).
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Fig. 4 | Roadmap of activities for integrating citizen science into SDG reporting. Upper box, global activities. Lower box, national activities.

Food waste is a global issue with enormous health, economic
and environmental impacts. Although tools exist to support busi-
nesses, governments and agricultural producers, citizen-science
approaches could be used to monitor the amount of food wasted
over time, contributing to SDG target 12.3. For some European
countries, robust data obtained using standardized methods already
exist®; these methods could be replicated in countries with data
gaps while involving communities in refining them (for example,
determining what waste streams should be measured based on the
cultural context and how best to quantify them). Technological
solutions could help monitor elements of food waste such as food
expiry dates and the use of ‘smart’ garbage bins.

Citizen science could also support monitoring of progress
towards SDG 13 through increasing human and institutional capac-
ity to act on climate change (SDG Indicator 13.3.2). An example is
the climate-smart agriculture Modulo Agroclimatico Inteligente e
Sustentavel (MAIS) program in Brazil”. Small-scale farmers who
do not have access to expensive soil and crop monitoring services
are provided with the technology and knowledge to monitor soil
moisture and implement adaptive soil and land management. The
proxy indicators derived from these activities include the number
of farmers and growers using advice to produce locally appropriate
diverse and sustainable crops despite changing conditions. In sub-
Saharan Africa, farmers were equipped with low-cost rain gauges;
based on the high-density data set obtained, national meteorologi-
cal services were able to provide the same farmers with agrometeo-
rological advice on the evolution of the rainy season and the most
suitable farming practices™.

Third, essential to SDG 14, is the target of achieving sub-
stantial reductions in marine pollution, including nutrient pol-
lution and marine debris in coastal waters (SDG Indicator
14.1.1). Eutrophication is increasing in coastal waters, and UN
Environment—the custodian agency responsible for this indi-
cator—recommends the combined use of remote sensing and
citizen science for large-scale monitoring with validation by citi-
zens®*’. Mobile applications such as Citclops’s EyeOnWater and
Earthwatch’s FreshWater Watch enable volunteers to contribute
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data on the colour of coastal waters, which serves as a simple and
accessible baseline indicator for eutrophic trends that can be used
in tandem with remote-sensing data®*'. The National Aeronautical
Space Agency (NASA) in the United States is exploring citizen-
science potential within general aviation to contribute aerial photos
to assess eutrophication®’.

As with eutrophication, citizen-science communities are already
engaged with quantifying marine debris—contributing, for exam-
ple, to the European Union (EU) Plastics Strategy. At present, quan-
tification of floating marine debris, specified in Indicator 14.1.1,
relies mainly on visual observations by scientists, with no stan-
dardization in approaches or an internationally agreed protocol®.
Beyond quantifying debris that is floating, members of the public
often participate in marine debris clean-ups*-*, often recording
marine debris found with the Tangaroa Blue Foundation (part of
the Australian Marine Debris Initiative), OpenLitterMap, Marine
Debris Tracker and other programs. Synergies between marine and
river pollution monitoring by citizen scientists could also be inves-
tigated for SDG reporting®. New technologies such as computer
vision are being employed in combination with visual interpretation
of drone imagery by citizen scientists in quantifying marine debris
(for example, in the Plastic Tide project). This could be extended
to visual interpretation of imagery from larger-scale aerial surveys,
where volunteers could work together with NGOs and government
agencies in quantifying marine debris.

Citizen science for new goals and targets

In addition to supporting the existing system of SDGs, citizen science
provides opportunities to contribute to the generation of additional
goals and targets where gaps can be identified. Air-quality moni-
toring is an example that demonstrates this potential. Currently,
two SDG indicators are linked to air quality: (1) Indicator 3.9.1:
‘Mortality rate attributed to household and ambient air pollution’;
and (2) Indicator 11.6.2: ‘Annual mean levels of fine particulate mat-
ter (e.g. PM2.5 and PM10) in cities (population weighted). These
indicators, however, provide neither the actionable information
that cities and communities need to manage their local conditions,
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nor do they contribute to an increased understanding of the health
impacts of air pollution.

Citizen science can fill this gap through the novel application of
traditional sensors such as Palmes’ diffusion tubes* and the ongo-
ing efforts to develop reliable low-cost electrochemical sensors®.
CurieuzeNeuzen (Curious Noses) is a citizen-science project on
monitoring air quality in Antwerp, Belgium, using diffusion tubes.
Engaging 2,000 participants, the project resulted in both posi-
tive behavioural change in the participants while simultaneously
driving political debate on air pollution and mobility measures*.
Due to its success, Curious Noses has now been up-scaled to the
broader Flanders region of Belgium with the involvement of 20,000
participants”’. Propeller Health is another innovative example that
integrates data from sensors on asthma inhalers with pollution
information.

The current level of investment and research indicates that some
air-quality indicators, such as CO, NO, or particulate matter, may
see increased adoption and use of low-cost sensors in the com-
ing decade, especially within action-oriented monitoring schemes
that can tolerate indicative levels rather than high-level accuracy
for compliance purposes. Importantly, environmental protection
agencies are showing commitment to the use of low-cost sensors
and citizen science in air-quality management at the national (for
example, the US, Netherlands and Ireland), regional (for example,
the EU), and UN level. Therefore, the opportunity exists to build a
global network of projects that could be linked to a potential, new
indicator, which could be in place for future global environmental
monitoring efforts.

These few examples have demonstrated the value of citizen sci-
ence for the SDGs, but we need to move forward, and work towards
mainstreaming citizen science as an accepted methodology and
source of data for SDG monitoring and reporting. Below is our
suggested roadmap for building support and creating operational
workflows within the UN and its member countries.

A roadmap for citizen science and the SDGs

The roadmap is organized into activities that take place at three
levels, that is, global, national and local, with interactions between
these levels to reach a set of overarching goals (Fig. 4). At the global
level, the goal is to integrate citizen science into the formal SDG
reporting process. As outlined in Box 1, the SDG goals, targets and
indicators have been developed by the IAEG-SDGs, in consulta-
tion with experts from the UN, civil society, businesses, academia
and NSOs. This development process is still ongoing, whereby
Tier III indicators are moved to Tier II and eventually Tier I, with
annual reporting to the High-level Political Forum for Sustainable
Development. Each indicator is the responsibility of one or more
custodian agencies, which work with experts to develop indicator
methodologies. Pilot projects are then run in designated countries
to demonstrate the methodology and the data collection.

To be part of this global reporting process, Tier IT and IIT indica-
tors must be identified to which citizen science could contribute.
Here we take the example of floating marine debris. As outlined
above, we have already identified many initiatives that are involved
in marine debris identification and clean-up, providing both tem-
poral and spatial scalability, a high level of citizen participation and
project longevity. The second step is to get the custodian agencies
for the indicators identified on board. In the case of marine debris,
the custodian agency is UN Environment, who are currently inves-
tigating the use of citizen science for this indicator. Workshops
then need to be held whereby representatives from various citizen-
science projects are brought together with UN Environment and
experts in marine-debris science, to agree on a consistent set of
protocols for measuring and collecting the data for SDG report-
ing. Clear guidance and usable tools need to be offered to citizen-
science projects to make their data available and fit-for-use within
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the SDG framework. Countries with strong national citizen-science
initiatives could then act as pilots for this indicator (for example,
Australia, Chile, Ireland and the United Kingdom). If successful,
these efforts could be scaled up to other countries. In this way, data
from citizen science could be formally brought into the SDG report-
ing process at the global level.

The second level of the roadmap concerns activities geared at
the national level (Fig. 4), particularly as responsibility for the SDG
reporting process lies with national governments*. Here the over-
all goal is to build an environment of trust for the use of citizen-
science data by national agencies. Organizations such as the Citizen
Science Global Partnership, citizen-science associations and their
working groups, and current Communities of Practice (CoPs) in
citizen science should work actively with NSOs to bring citizen sci-
ence into the scope of official statistics. A number of activities can
take place in parallel, some of which have already been initiated.
For example, the CoP on citizen science and SDGs, running within
the EU-funded WeObserve project (https://www.weobserve.eu/), is
currently mapping existing contributions of citizen science to SDG
indicators and is identifying those indicators where projects could
potentially contribute in the future. This mapping can help inform
activities taking place at the global level.

Another activity is to compile an inventory of examples of good
practice in the use of citizen science at the national level. The accep-
tance of data collected by citizens in the Philippines as outlined
above is a prime example® while Australia has developed its own
‘Method for Australia’s SDG baseline assessment’ that allows for
the reporting and monitoring of quantities adapted to their specific
country context”. For many of these ‘proxy’ indicators, citizen par-
ticipation provides the main data collection mechanism. Aligning
citizen science with the priorities of decision makers at the national
level in this way will increase the likelihood of its adoption in SDG
monitoring and reporting in other countries. Based on this inven-
tory, we should seek to replicate models of good practice already
taking place nationally.

A third activity is to build on existing policy frameworks that
advocate citizen science for decision making (for example, the
2015 US White House Memorandum on Citizen Science; the US
Crowdsourcing and Citizen Science Act, which was incorporated
into Section 402 of the American Innovation and Competitiveness
Act; the European Open Science Policy Agenda; the recommen-
dations of the European Open Science Policy Platform; action 8
of the EU roadmap to streamline environmental reporting™; and
the Ministerial declaration at the UN Environment Assembly at its
fourth session®, which calls for the wider use of data from citizen
science). Here the citizen-science community should work with
decision makers in other countries around the world to craft poli-
cies that authorize, encourage and provide guidelines for the appro-
priate use of citizen science for SDG monitoring.

A fourth key activity in the roadmap will be to promote dia-
logue on data quality, which will be the number one concern for
NSOs, as well as data management including standards, metadata
and interoperability. The citizen-science community should work
with statistical agencies and the scientific community to develop an
agreed set of accepted protocols and minimum data quality stan-
dards required from citizen-science projects, drawing on a large
body of research that already addresses quality issues and involv-
ing relevant working groups such as the CSA Data and Metadata
Working Group. Moreover, opportunities should be created for
peer-to-peer networking among statisticians to share lessons
learned and best practices in using citizen science for SDG moni-
toring, including harmonizing data from citizen science with more
traditional sources of data. These activities need to be paralleled
by efforts to raise awareness of the current data quality-assurance
mechanisms so that perceptions (and not just procedures) change
that may otherwise stand in the way of using data from citizen
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science for the SDGs. At the same time, these best practices should
feed into the activities taking place at the global and local levels.

In addition to data quality, interoperability is paramount to
interpreting, sharing and integrating the data across different cit-
izen-science initiatives, and with traditional and non-traditional
data sources (for example, satellite imagery). The citizen-science
community, in collaboration with SciStarter.org and other partner
organizations, have been developing a new data and metadata stan-
dard for Public Participation in Scientific Research (PPSR), adapted
from the Darwin Core standard for biodiversity™. Aligning PPSR
core standards with the SDG indicators can reveal where citizen sci-
ence has the potential to contribute the most, maximizing the effi-
ciency of data infrastructure, storage and curation. Future iterations
of the PPSR core standard can incorporate economic, environmen-
tal and societal dimensions of the SDGs. Cloud computing, artifi-
cial intelligence and other frontier technologies are also making this
integration possible. The ultimate activity at the national level will
be to work with NSOs to integrate data from citizen science in their
statistical reporting.

The third and final level of the roadmap concerns activities
that affect citizen-science projects operating at the local level. The
citizen-science community must actively support citizen-science
projects through guidance and tools that will help them adhere to
the FAIR data principles, while promoting the sharing and reuse
of the data. Best practices developed at the national level should
feed down to the local level. At the same time, the citizen-science
community must identify potential privacy risks and help citizen-
science projects adhere to applicable data privacy laws, for example,
the EU General Data Protection Regulation effective from 25 May
2018, which requires protection of personal data and addresses the
transfer of data out of the EU; this has implications for global-scale
citizen-science projects. The US White House Office of Science
and Technology Policy memorandum on citizen science, issued
30 September 2015, provides guiding principles, including provid-
ing volunteers with appropriate access to their data, ensuring mean-
ingful engagement of the public in scientific research, and giving
appropriate attribution for volunteer contributions. In addition,
the European Citizen Science Association has developed a set of
10 principles for citizen science that should be followed™. Finally,
the citizen-science community should raise awareness of the SDGs
among citizen-science projects, encouraging them to align their
goals to SDG monitoring where relevant.

Conclusions

SDG indicators are largely fed by traditional data from NSOs, other
government ministries and official agencies, and international orga-
nizations. Yet we are now in the midst of a data revolution, with the
emergence of new sources of non-traditional data that can fill the
increasing demand for high-resolution spatial and temporal data.
Not only can these data sources feed our models and aid in timely
decision making, they should become inputs to the SDGs. Citizen
science, in particular, should contribute in this increasingly data-
hungry world. Although we have demonstrated that data from citizen
science are already starting to contribute to some of the indicators
(Tier T and II), the real potential exists in contributing to Tier III
indicators, where the data and/or methodologies are still being devel-
oped. Now is the time to identify those indicators to which citizen
science can make real contributions and mobilize the citizen-science
community to become an active part of the SDG reporting process at
the global level. At the same time, much work is still needed to cre-
ate a trusted environment in which citizen-science data are accepted
as a credible source of inputs for statistical reporting at the national
level. Providing support to citizen-science projects at the local level
will ensure that they can contribute to SDG reporting while tapping
into an opportunity for social innovation whereby citizens can help
to both monitor, but more importantly implement, the SDGs.
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