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Abstract

The UN Sustainable Development Goals (SDGs) are a vision for achieving a sustainable future. Reliable, timely, comprehen-

sive, and consistent data are critical for measuring progress towards, and ultimately achieving, the SDGs. Data from citizen 

science represent one new source of data that could be used for SDG reporting and monitoring. However, information is 

still lacking regarding the current and potential contributions of citizen science to the SDG indicator framework. Through a 

systematic review of the metadata and work plans of the 244 SDG indicators, as well as the identification of past and ongoing 

citizen science initiatives that could directly or indirectly provide data for these indicators, this paper presents an overview 

of where citizen science is already contributing and could contribute data to the SDG indicator framework. The results dem-

onstrate that citizen science is “already contributing” to the monitoring of 5 SDG indicators, and that citizen science “could 

contribute” to 76 indicators, which, together, equates to around 33%. Our analysis also shows that the greatest inputs from 

citizen science to the SDG framework relate to SDG 15 Life on Land, SDG 11 Sustainable Cities and Communities, SDG 3 

Good Health and Wellbeing, and SDG 6 Clean Water and Sanitation. Realizing the full potential of citizen science requires 

demonstrating its value in the global data ecosystem, building partnerships around citizen science data to accelerate SDG 

progress, and leveraging investments to enhance its use and impact.

Keywords Sustainable Development Goals (SDGs) · Citizen science · SDG indicators · Tier classification for SDG 

indicators · Crowdsourcing · Community-based monitoring

Introduction

In September 2015, the United Nations Sustainable Develop-

ment Summit adopted an international framework to guide 

global development efforts, entitled ‘Transforming our 

world: the 2030 Agenda for sustainable development’ (UN 

2015). The Agenda includes 17 Sustainable Development 

Goals (SDGs) and 169 targets relating to global challenges 

including poverty, inequality, climate, environmental deg-

radation, prosperity, and peace and justice. The UN General 

Assembly tasked a group of technical and statistical experts 

with developing a global monitoring framework that would 

allow the tracking of each SDG target, while at the same 

time keeping in mind the feasibility and reporting burden of 

such a monitoring framework. This led to the creation and 

adoption of the current list of 244 SDG indicators by the UN 

General Assembly (UN 2017).

The SDG indicator framework is developed based on 

the existence of a global methodology and data availabil-

ity. Each SDG indicator was placed into one of three tiers 

to track progress towards operationalizing the indicator 

framework. A simplification of the tiering framework 

is: Tier I: existence of an agreed methodology and good 

data coverage (at least 50%); Tier II: agreed methodol-

ogy, but data are lacking (less than 50% data coverage), 

and Tier III: no established methodology (UN n.d.). The 

monitoring of the SDGs is expected to happen at the sub-

national, national, regional, and global level to ensure 

the vertical coherence of policies and actions. In terms 
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of official reporting, national governments have the pri-

mary responsibility for monitoring the SDG indicators 

(UN 2017). Each SDG indicator has one or more custo-

dians, who are responsible for (i) developing the global 

methodology based on the best available science, research, 

and data expertise, and (ii) identifying the data sources 

that can contribute to the SDG indicator. Custodians are 

typically a UN agency or other international organization, 

who additionally ensure that the methodology is applica-

ble to all countries, regardless of their level of develop-

ment. National data are expected to be used to populate the 

official reports of countries on SDG progress (known as 

Voluntary National Reviews on the SDGs). National data 

then feed into the UN global database on the SDGs, which 

is used to analyze regional and global progress, including 

through an annual report by the Secretary General on the 

SDGs (UN 2019a). The custodian agency is also respon-

sible for adjusting the data when required to ensure com-

parability, and for developing techniques to fill data gaps. 

Since the adoption of the SDG indicator framework, there 

has been an effort to upscale statistical methodological 

work and data collection across the SDG indicators. For 

example, of the SDG indicators that are not related to the 

environment, only 7% remained Tier III, compared to the 

28% that were Tier III at the adoption of the SDG indica-

tors. On the other hand, 26% of the environment-related 

SDG indicators remained Tier III as of July 2019 (UN 

2019b, c, n.d.), and a further 32% have insufficient data 

available for global tracking (UN Environment 2019).

The funding required to measure all 244 SDG indicators 

using only traditional data sources creates a barrier for coun-

tries to monitor and assess progress toward the SDGs, par-

ticularly for developing countries (IAEG Secretariat 2014). 

Effective and efficient monitoring of the SDGs will require 

better utilization of new data sources and data techniques 

(Daguitan et al. 2019a, b). For example, the role of Earth 

Observation (EO) in addressing societal challenges and sup-

porting the implementation of the 2030 Agenda has been 

long recognized by governments, industry, and scientific 

institutions (GEO 2017). EO is a source of data that could 

help to harmonize information on natural resources, ecosys-

tems, and environmental issues via remote sensing technolo-

gies and in-situ measurements (OECD 2017). A number of 

studies have been conducted by the EO community that aim 

to define the concrete contributions of EO data in measuring 

progress towards the SDGs (GEO 2017; CEOS 2018). One 

such study was jointly conducted, for example, by the Group 

on Earth Observation (GEO), which is an intergovernmental 

partnership that improves the availability, access, and use of 

EO data (GEO 2018), and the Committee on Earth Observa-

tion Satellites (CEOS), which is an international consortium 

involved in the management of international and civil space-

borne missions for observing the Earth (CEOS 2015). Their 

analysis revealed that 29 SDG indicators could be moni-

tored using EO data, and EO could provide support for the 

achievement of around 71 targets (CEOS 2018).

Official statistics have typically been based on data 

that are officially collected by national governments (e.g., 

through surveys, censuses, official sensors) (Daguitan et al. 

2019a, b). To date, citizen science methodologies and data 

are not included in SDG data acquisition. However, doing 

so may provide data at finer spatial and temporal scales than 

would otherwise be possible to obtain since data from citi-

zen science are often collected at higher frequencies than 

the traditional sources of data used as inputs to the SDG 

indicators, as well as in a spatially disaggregated way. Citi-

zen science, as a concept, has diverse definitions, terms, and 

interpretations, where no single term or definition is suitable 

for all contexts (Eitzel et al. 2017). In the scope of our work, 

we take an all-encompassing approach and define citizen 

science using three main characteristics: “public participa-

tion”, “voluntary contributions”, and “knowledge produc-

tion” (SDSN TReNDS 2019). Our use of the term citizen 

science most closely aligns with the concept of “Public 

Participation in Scientific Research (PPSR)”, which Shirk 

et al. (2012) describe as “intentional collaborations in which 

members of the public engage in the process of research to 

generate new science-based knowledge”. PPSR encompasses 

projects with five degrees of participation. This includes: (i) 

contractual projects (where communities approach research-

ers to conduct a scientific investigation on a particular issue); 

(ii) contributory projects (usually designed by scientists, and 

volunteers are involved mainly to contribute data); (iii) col-

laborative projects (usually designed by scientists and volun-

teers are involved to contribute data, but also support project 

design, data analysis, and/or dissemination of results); (iv) 

co-created projects (designed by scientists and volunteers 

together, and volunteers are actively involved in most or all 

aspects of the research) and (v) collegial projects (volunteers 

conduct research independently expecting different degrees 

of recognition by professionals) (Shirk et al. 2012). As with 

PPSR, we have elected to include a wide range of diverse 

projects from hypothesis-driven science to practices that 

involve local knowledge and observations for addressing 

the political and social issues that communities face. Our 

broad interpretation of citizen science includes any initia-

tive that produces scientific knowledge through the partici-

pation of volunteers, such as community-based monitoring 

(Conrad and Hilchey 2011), community-based participatory 

research (Asaba and Suarez-Balcazar 2018), participatory 

action research (MacDonald 2012), citizen-generated data 

(Datashift 2017), crowdsourcing (Howe 2006; Nov et al. 

2010), volunteered geographic information (Sieber and Hak-

lay 2015), and participatory sensing (Coulson et al. 2018), 

among others.
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In the past, there has been research that has proposed the 

value of including citizen science data in the SDG report-

ing process (IAEG Secretariat 2014; Flückiger and Seth 

2016; Fritz et al. 2019). However, there is currently a lack 

of comprehensive research that provides systematic evi-

dence regarding where citizen science currently contributes 

or where it could potentially contribute to the SDGs at an 

indicator level. The most relevant piece of work to date was 

undertaken by West and Pateman (2017), who outlined how 

citizen science approaches could contribute to the definition, 

monitoring, and/or implementation of the SDGs. In total, 

they identified 42 of the 169 targets to which citizen sci-

ence could contribute, but they did not consider the indicator 

level, nor did they present examples of initiatives to support 

these suggestions based on a systematic review. Another 

study by the European Commission, which undertook an 

inventory of citizen science projects for environmental 

policies, focused on the goal level (Bio Innovation Service 

2018). The results showed that the 503 environmental citizen 

science initiatives included in the inventory could contribute 

to all 17 goals, directly or indirectly. In the scope of their 

work, direct contribution means that the “project aim fits an 

SDG”, while indirect contribution describes projects that 

“may contribute to fulfilling an SDG, as a by-product of its 

activities”. For example, SDG 4 Quality Education, SDG 9 

Industry, Innovation and Infrastructure, and SDG 16 Peace, 

Justice and Strong Institutions are covered by all the pro-

jects listed in the inventory, at least indirectly. SDG 3 Good 

Health and Wellbeing, SDG 13 Climate Action, SDG 15 

Life on Land, and SDG 17 Partnerships for the Goals were 

covered by the majority of the projects (78%, 86%, 75%, 

and 52%, respectively), both directly and indirectly. SDG 14 

Life below Water and SDG 15 Life on Land had the highest 

direct contributions (18% and 58%, respectively). What is 

currently missing is an understanding of which SDG indi-

cators citizen science is already contributing to and where 

its future potential lies. Hence, the aim of this paper is to 

provide a systematic review of how citizen science data gen-

erated by volunteers can provide data for the SDG indica-

tors. This includes filling information gaps at the national 

level or complementing national level information through 

improved timeliness or reporting at a higher spatial resolu-

tion. As SDG reporting relies on national data compilation 

by national statistical systems, this paper additionally pro-

vides a discussion on the opportunities and challenges for 

bringing citizen science into the scope of national official 

statistics.

Methodology

To systematically analyse which SDG indicators citizen sci-

ence is already contributing to and where its potential lies in 

the future, the methodology consists of two main parts. The 

first part involved reviewing each SDG indicator to identify 

whether citizen science (i) is currently contributing data to 

an indicator, (ii) could contribute in the future, or (iii) has 

no foreseen contribution at present. The second part of the 

methodology involved summarizing the results of the indi-

cator review in order to understand the current landscape of 

citizen science contributions to the SDGs.

Systematic review of the SDG indicators

The SDG indicator review process was comprised of a 

number of steps (Fig. 1). Step 1 was to compile a list of all 

SDG indicators (see Table S1 in the Supplementary Mate-

rial for the complete list), which was downloaded from the 

UN Statistics Division website on 13 April 2019. Step 2 

was to consult the metadata documents of the indicators that 

describe the methodology and data sources associated with 

each indicator (https ://unsta ts.un.org/sdgs/metad ata/). This 

provided us with an understanding of the current stage of 

Fig. 1  Methodology for the systematic review of the SDG indicators 

for citizen science

https://unstats.un.org/sdgs/metadata/
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methodological development of the indicators (i.e., Tier I, 

II or III), what the methodology for the indicator is (if it 

exists), what data are needed to calculate the indicator (if 

already decided), and the source of the input data. For cases 

where there was no metadata or work plan, which occurred 

for a few of the indicators, the analysis was a judgement 

based on the indicator title.

Step 3 involved identifying citizen science projects to pro-

vide a strategic overview on relevant citizen science initia-

tives that capture the breadth of different types of projects 

relevant to each indicator, which was completed using the 

following procedure:

 (i) Reviewed the Inventory of citizen science projects for 

environmental policies, which was undertaken as part 

of a study commissioned by the European Commis-

sion (Bio Innovation Service 2018), (https ://data.jrc.

ec.europ a.eu/datas et/jrc-citsc i-10004 );

 (ii) Queried SciStarter, an online database of citizen sci-

ence projects from around the world, using respective 

indicator-relevant keywords (https ://scist arter .org/);

 (iii) Reviewed Zooniverse, an online platform that hosts 

over 100 virtual citizen science projects from around 

the world, by respective indicator-relevant topics 

(https ://www.zooni verse .org/);

 (iv) Queried the Google internet search engine, using 

keywords from respective indicators and combina-

tions of ‘citizen science’, ‘community-based moni-

toring’, ‘crowdsourcing’, etc. (https ://googl e.com);

 (v) Queried Scopus, an online database for peer-reviewed 

citations and abstracts, using the same keywords as 

those listed in the Google queries (https ://www2.

scopu s.com/); and

 (vi) Used contributions from the co-authors based on 

their extensive local, regional, and global knowledge 

of citizen science initiatives and projects.

As mentioned in the introduction, we use citizen science 

in a broad sense in this paper to include public participation, 

voluntary contributions and knowledge production (SDSN 

TReNDS 2019). Hence, the initiatives that fall within this 

definition were included, even if they do not explicitly use 

the term citizen science. Regarding public participation, our 

approach integrates the five models on degree of partici-

pation from Shirk et al. (2012), which includes, but is not 

limited to, projects where members of the public primarily 

contribute data (at one end of the spectrum) to designing 

the research together with professional scientists and active 

involvement in most or all phases of the research (at the 

other end of the spectrum) (Shirk et al. 2012). Regarding 

voluntary contributions, our experience is that the term 

voluntary has different meanings in different contexts. For 

example, in the context of community-based monitoring 

activities in the health domain, the terms Community Health 

Workers (CHWs) or Volunteers are widely used, and are 

defined as the first point of contact between communities 

and the health system, usually in low- or middle-income 

countries. CHWs are trained to provide a specific function, 

having no formal professional qualifications. They can be 

employed and salaried by government organizations, non-

governmental organizations (NGOs), or perform entirely on 

a voluntary basis. They may receive different forms of incen-

tives, ranging from uniforms or one-time financial incentives 

related to health insurance (Ormel et al. 2019). This makes it 

difficult to determine whether a community-based monitor-

ing program involving CHWs is voluntary or whether they 

were paid salaries. In our mapping, we did not include pro-

jects where participants were paid salaries, but did include 

examples where participants received small incentives. We 

excluded those cases from our mapping where we could not 

be sure about the incentives provided to participants. Finally, 

in the scope of our study, knowledge production refers to 

investigation, monitoring, or scientific research as suggested 

by Eitzel et al. (2017).

Step 4 involved determining the category for the indicator 

from the following three choices:

 (i) already contributing, which means that data from at 

least one citizen science project are already used for 

reporting on a specific SDG indicator at the national 

or global level;

 (ii) could contribute, where data from at least one citi-

zen science project could be used for a specific SDG 

indicator, but are not used so far and the project and/

or data requirements might need modification/adap-

tation before the resulting data can be used (provided 

this modification is feasible); and

 (iii) no alignment at present.

When a project was found to relate to an indicator topic 

(step 3), it was then assigned to either “already contribut-

ing” to that indicator or “could contribute”. Assignment 

to the category “currently contributing” involved finding 

evidence in documents, websites, and in the literature. If 

the evidence was not present in documents, but a contri-

bution to an indicator was thought to be the case, project 

staff, custodian agencies, or other organizations involved in 

reporting efforts for that particular indicator, such as Bird-

life International, were consulted to provide the evidence 

for these contributions. These indicators were then further 

classified into “direct contributions” or “supplementary 

contributions”. Direct contributions mean that citizen sci-

ence data are already contributing or could contribute to 

the calculation of the official SDG indicator. This would 

include indicators that could utilize citizen science data as 

the primary data source (e.g., bird species prevalence can be 

https://data.jrc.ec.europa.eu/dataset/jrc-citsci-10004
https://data.jrc.ec.europa.eu/dataset/jrc-citsci-10004
https://scistarter.org/
https://www.zooniverse.org/
https://google.com
https://www2.scopus.com/
https://www2.scopus.com/
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primarily based on citizen science data from bird watchers) 

or indicators where citizen science is part of the indicator or 

used to fill spatial or temporal gaps in data (e.g., air quality 

reference stations can be coupled with citizen science data 

on air quality). In the context of this paper, a supplementary 

contribution means that citizen science data could provide 

information that is useful to contextualize an SDG indicator 

or target. For example, the official SDG indicator on poverty 

aims to capture income poverty, but citizen science data cov-

ering the quality of housing or furnishings in homes (e.g., 

Dollar Street) provide supplementary information that can 

be used to better understand poverty. If no evidence of a 

direct contribution could be found but a project was thought 

to be producing the types of data or similar data to those 

required by the indicator, then the project was assigned to 

the category “could contribute”. We note that some of the 

projects that we identified as “could contribute” may not be 

collecting the exact data that are needed for the indicator. 

However, we added them to our mapping as they have great 

potential to support the indicator if they could be extended 

to collect the specific data required for the indicator (e.g., 

through modifications to their data collection protocol). As 

an example, the Engage TB and One Impact projects could 

provide supplementary data for indicator 3.3.2 Tuberculosis 

incidence per 100,000 population. Our suggestion is that, if 

designed accordingly, they or other similar projects could 

also support data collection for the HIV-related indicator 

3.3.1 Number of new HIV infections per 1,000 uninfected 

population, by sex, age and key populations. Finally, if no 

projects were found or the indicator was based on data that 

were not amenable to collection by citizens, then that indica-

tor was categorized as “no alignment at present”.

Note that we did not consider the robustness of the qual-

ity procedures used in the citizen science projects listed in 

Table S1. Instead, we only considered whether projects are 

already contributing (where high quality can be assumed) or 

where they could potentially contribute (where data quality 

protocols would require compliance if the data were to be 

used for SDG reporting in the future).

Once the full set of indicators was reviewed, then the first 

peer review process began in step 5. Each co-author was 

assigned a different set of indicators to those they initially 

reviewed to peer review the work of others. This involved 

reading the metadata for the indicator (step 2), reviewing the 

category chosen (during step 4), searching the five sources 

(step 3) and modifying the category of SDG contribution as 

appropriate. If a citizen science project was listed as con-

tributing to an indicator, the evidence for this claim was 

reviewed. In the majority of cases, there was consensus. 

However, two situations of disagreement arose during this 

process: (i) the peer reviewer identified citizen science pro-

jects that were not found by the original reviewer; and (ii) 

there was disagreement between the original reviewer and 

the peer reviewer regarding whether a project was consid-

ered suitable for a particular indicator. In the first situation, 

any new citizen science projects identified were discussed 

between the two reviewers to reach consensus. As this con-

stituted an omission error, consensus was straightforward. 

The second situation arose because reviewers have different 

experiences of citizen science that influence their definition 

of citizen science as a concept. In this situation, reviewers 

were asked to use the definition of citizen science as set 

out in the paper and flag any remaining disagreements. The 

lead author then reviewed any situations with outstanding 

disagreements in step 6.

Once step 5 was completed, a second peer review process 

was undertaken (step 6) in two phases. In the first phase of 

step 6, the lead author of this paper reviewed the mapping 

done by all other co-authors to ensure that the metadata had 

been interpreted correctly and to modify those indicators 

that were initially mapped as having “no alignment”, chang-

ing them to “could contribute” where needed, due to addi-

tional searching and knowledge of potential initiatives. The 

lead author also addressed any outstanding disagreements 

between the reviewer and the peer reviewer identified in step 

5. This involved reviewing all the projects identified and all 

the evidence provided, and then applying the definition of 

citizen science outlined in the paper to determine whether 

the citizen science projects are applicable. A final discussion 

between the lead author, the reviewer and the peer reviewer 

was then held to reach consensus.

The second phase of step 6 involved a review of all indi-

cators by the chief statistician of UN Environment, who 

works on the development of the environmental SDG indica-

tors for which UN Environment is a custodian agency. Once 

again, in the majority of cases, there was consensus between 

the lead author and the chief statistician, but two situations 

of disagreement arose. The first case was similar to the situ-

ation described above, i.e., disagreements regarding whether 

a project was citizen science or not, e.g., self-reporting or 

community-based monitoring, which falls within the defini-

tion of citizen science. These disagreements were discussed 

until consensus was reached. The second situation was simi-

lar but occurred when consensus could not be reached, in 

particular for those SDGs for which UN Environment is not 

the custodian agency; the chief statistician, therefore, did not 

have the required expertise. The lead author then contacted 

other custodian agencies such as the World Bank, UNODC 

(UN Office on Drugs and Crime), UN FAO (the Food and 

Agriculture Organization of the UN) and WHO (World 

Health Organization) for relevant indicators.

In the steps described above, the co-authors have not 

applied a formal consensus building method or approach 

over disagreements, but rather encouraged discussions 

among the reviewers, which allowed different viewpoints 

and alternative explanations to be introduced, debated, 
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broken down and reassessed. In this way, the authors were 

able to collectively analyze and evaluate the reasoning 

and results of others that, in the majority of cases, led to a 

convergence in reviewers’ perceptions. In three cases, the 

authors could not reach consensus due to the limited exper-

tise in the particular thematic area of a specific indicator so 

the authors agreed to leave the judgement to the responsible 

staff at the relevant custodian agency/ies. This was identified 

as the best possible resolution to a few minor disagreements 

among the authors, since custodian agencies are responsible 

for defining the methodologies of the relevant indicators, 

including their sources of information and data collection 

methods, and also have accountability for quality and accu-

racy of reporting at the global level. In these cases, the lead 

author consulted the relevant staff members of the custo-

dian agencies and presented the views of different authors to 

identify the accurate mapping and justification. For example, 

SDG indicator 16.1.3 is about the proportion of population 

subjected to (a) physical violence, (b) psychological vio-

lence and (c) sexual violence in the previous 12 months. The 

potential contribution of some of the identified citizen sci-

ence initiatives, e.g., SafeCity, HarrasMap, etc., to this indi-

cator was unclear to the chief statistician of the UN Environ-

ment due to her limited knowledge on the methodology of 

this indicator. Hence, the lead author consulted the Head of 

the Research and Trend Analysis Branch of the UNODC, 

the custodian agency responsible for many of the SDG 16 

indicators, who confirmed the potential complementarity of 

such initiatives to inform this indicator, which was then used 

in the final mapping. Evidence of these contacts is provided 

in Table S1. After this second peer review process, the final 

mapping of citizen science to the SDG indicators was com-

pleted in step 7. The final mapping results are provided as 

Table S1 in the Supplementary Material.

Compilation of results

Once the entire SDG indicator mapping exercise was com-

pleted, the results in Table S1 were summarized according 

to the categories of “already contributing”, “could contrib-

ute” and “no alignment at present” to understand the current 

situation by SDG, tier classification, and custodian agency. 

The results were also compared to the mapping exercise 

undertaken by GEO to see where there are overlaps between 

contributions that could be jointly made from citizen sci-

ence and EO. Finally, we provide examples by indicator to 

demonstrate where citizen science is already contributing 

and where it has the potential to contribute in the future.

Results

The results of the SDG indicator review process are summa-

rized in Figs. 2, 3, and 4. The full review by indicator can be 

found in Table S1 of the Supplementary Material. All SDGs 

have at least one indicator to which citizen science could 

potentially contribute (Fig. 2). Moreover, citizen science is 

already contributing to the monitoring of 5 SDG indicators, 

and could contribute, by providing direct or supplementary 

information, to 76 indicators. For the remaining 165 indi-

cators, we could not identify any ongoing or past citizen 

science initiatives. Thus, this analysis reveals that citizen 

science data are already contributing or could contribute to 

the monitoring of around 33% of the SDG indicators. Note 

that the total in this analysis is 246 indicators rather than 

244 indicators because 2 indicators are counted twice (9.1.1 

Proportion of the rural population who live within 2 km of 

an all-season road and 14.1.1 Index of coastal eutrophica-

tion and floating plastic debris density). These two indica-

tors contain examples of citizen science initiatives that are 

already contributing, as well as those that could contribute. 

For example, Litter Intelligence is a citizen science initia-

tive producing data that already contribute to the reporting 

of indicator 14.1.1 on marine litter by Stats New Zealand, 

and projects such as the Australian Marine Debris Initia-

tive, Open Litter Map, and Marine Debris Tracker have great 

potential to contribute data to 14.1.1 in the future.

Our assessment highlights that the greatest contributions 

of citizen science (current and potential future contribu-

tions combined) to the SDG indicator framework would be 

in SDG 15 Life on Land (64%); SDG 11 Sustainable Cities 

and Communities (60%); SDG 3 Good Health and Wellbeing 

(56%); and SDG 6 Clean Water and Sanitation (55%). This 

is illustrated in Fig. 2, showing pie charts of the current and 

potential citizen science contributions to SDG monitoring by 

goal. This also demonstrates that citizen science data have 

the greatest potential for input to the environmental SDG 

indicators. Of the 93 environmental indicators in the SDG 

indicator framework (UN Environment 2019), citizen sci-

ence could provide inputs for 37 (around 40%) indicators.

Additionally, our analysis identified overlap between con-

tributions from citizen science and EO based on the map-

ping exercise undertaken by GEO (2017) (Fig. 2). Of the 29 

indicators identified by GEO (2017), our assessment shows 

that citizen science could support 24 out of the 29 indica-

tors, which cover 11 of the SDGs. Hence there is potential 

for citizen science and EO approaches to complement each 

other.

Results indicate that citizen science could help to monitor 

33 Tier I indicators (out of 110), 41 Tier II indicators (out 

of 104), and 7 Tier III indicators (out of 40) based on the 

Tier Classification for SDG Indicators as of 13 April 2019, 
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when the data were downloaded (Fig. 3). The total number 

is 254 instead of 244 as some indicators are allocated to 

more than one tier. This equates to 30% for Tier I, 40% for 

Tier II and 18% for Tier III indicators. These results suggest 

that citizen science has the greatest potential to contribute 

to Tier II indicators, when the current and past initiatives are 

Fig. 2  The SDG indicators where citizen science projects are 

“already contributing” (in green), “could contribute” (in yellow) or 

where there is “no alignment” (in grey). The overall citizen science 

contributions to each SDG are summarized as pie charts. Black bor-

ders around indicators show the overlap between citizen science and 

EO, as identified by GEO (2017)

Fig. 3  Citizen science contribu-

tions to SDG monitoring by tier 

classification. The green shad-

ing denotes direct contributions, 

the yellow are supplementary 

contributions, and the orange 

shows indicators that have 

both direct and supplementary 

contributions. The values within 

each box are the SDG indicator 

numbers.
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considered. Methodologies for how to collect data already 

exist for Tier II indicators. However, countries do not pro-

duce the data regularly due to poor statistical capacity, lack 

of resources, political reasons, and other factors. Citizen sci-

ence could inform such indicators to fill the identified data 

gaps (see indicator 6.3.2 below). As for the Tier I indicators, 

even though agreed methods exist and the data are widely 

available, not all countries are at the same level in the pro-

duction of data needed to track their progress. For example, 

as of the year 2016, data for the Tier I indicator on extreme 

poverty (indicator 1.1.1) have been lacking for 72 countries 

for over 15 years (Dunning and Kalow 2016). In addition, 

there are opportunities to use citizen science for improving 

the temporal frequency and spatial resolution of Tier I and II 

indicators (Dickinson et al. 2010), which could complement 

the national reporting. Finally, citizen science data have the 

potential to contribute to Tier III indicators, as they have 

no established methodology and standards to support them. 

Citizen science could be introduced as part of the methodol-

ogy development process for relevant Tier III indicators by 

the responsible custodian agencies, e.g., as implemented for 

indicator 14.1.1 on marine plastics by UN Environment (see 

indicator 14.1.1 below).

Figure 3 also highlights the indicators where citizen sci-

ence makes direct contributions, supplementary contribu-

tions, or where an indicator has both a direct and supplemen-

tary contribution from citizen science. Of the 81 indicators 

shown in Fig. 3, 39 (~ 48%) make or can make a direct con-

tribution, 39 (~ 48%) can make a supplementary contribution 

and 3 (~ 4%) can make both. Thus, citizen science has nearly 

equal value in terms of direct and supplementary contribu-

tions to the SDGs.

Figure 4 shows the custodian agencies that could benefit 

from the citizen science data, since each indicator has at 

least one custodian agency responsible for that indicator. The 

custodian agencies that have the greatest potential in terms 

of benefiting from citizen science data are WHO, UNODC, 

FAO, the UN Children’s Fund (UNICEF), UN-Habitat, 

the World Bank, the UN Office for Disaster Risk Reduc-

tion (UNISDR) and UN Environment. The citizen science 

community could focus on creating partnerships with these 

agencies around the specific indicators illustrated in Fig. 2.

Having presented the overall picture, we now provide spe-

cific examples of our results that demonstrate where citizen 

science is already contributing to the SDGs and where it has 

the potential to contribute in the future.

Indicators where citizen science is “already 
contributing” to SDG monitoring

As there are only five indicators where citizen science 

is already contributing to SDG monitoring, all five are 

described in more detail below.

Fig. 4  The number of SDG indicators by custodian agency to which citizen science could contribute
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Indicator 9.1.1 Proportion of the rural population 
who live within 2 km of an all-season road

SDG indicator 9.1.1, also known as the Rural Access Index 

(RAI), measures the share of a country’s rural population 

that lives within 2 km of an all-season road (defined as a 

road that is motorable in all weather conditions), which is 

important for access to markets and economic activities, 

as well as social and administrative services (UN 2019d). 

The World Bank, custodian agency for 9.1.1, typically 

receives data from national road agencies and national sta-

tistical offices (NSOs) directly, and reviews their results to 

be included in the global SDG data set. In 2018, data were 

available for 20 countries and consultations are ongoing for 

more (UN 2019d).

OpenStreetMap is an online crowdsourced community-

driven project to create an open, editable, and free map of 

the world (Mooney and Minghini 2017). These maps are 

used in a variety of ways, from basic navigation purposes 

to disaster response and humanitarian aid (Minghini et al. 

2017). Metadata for indicator 9.1.1 refers to OpenStreetMap 

as an alternative source of data for countries that do not 

have sufficient road location information available or it is 

completely missing (UN 2019d). In addition, measuring the 

RAI using OpenStreetMap in 120 + countries is a work in 

progress at the World Bank (Vincent 2018). Hence, citizen 

science is already contributing to this indicator.

Indicator 14.1.1 Index of coastal eutrophication 
and �oating plastic debris density

SDG indicator 14.1.1 is a Tier III indicator that has no 

established methodology. It is quite broad in scope, and the 

work plan includes four types of sub-indicators for coastal 

eutrophication and another four for marine litter focusing on 

plastics. Plastic waste is a serious threat to the environment 

and human health. However, the amount of plastics entering 

the ocean from land-based sources is currently unknown. 

An estimate indicates that 5–13 million tons of plastics 

generated on land entered the marine environment in 2010 

alone (Jambeck et al. 2015). UN Environment, the custodian 

agency for this indicator, is currently developing a method-

ology that uses citizen science data as a primary source of 

information for measuring marine plastics on beaches and 

shorelines. The methodology is currently being tested in two 

pilot countries, Kenya and Mauritius, which will be extended 

to seven additional countries in Asia and Africa in 2020. The 

methodology development process will be finalized by Octo-

ber 2019, which will then be scaled up to more countries 

around the globe from 2020 onwards (Campbell et al. 2019).

In addition to the methodology development efforts for 

14.1.1 at the global level, there are also activities taking 

place at a national level in New Zealand. Litter Intelligence 

is a large-scale citizen science program led by the charity 

group Sustainable Coastlines. Sustainable Coastlines has 

been collaborating with the Ministry for the Environment, 

Stats New Zealand and the Department of Conservation 

since the design phase of the program in 2016 to ensure that 

the data produced by citizens are of an appropriate standard 

and of high enough quality for use in environmental report-

ing by government bodies nationwide, including the SDGs. 

The result is that the initial Litter Intelligence data set will be 

included in the official environmental report ‘Marine 2019’ 

produced by the Ministry for the Environment and Stats New 

Zealand (Howitt 2019).

Indicators 15.1.2 Proportion of important sites 
for terrestrial 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

Citizen science is currently informing SDG indicators 15.1.2 

and 15.4.1 on biodiversity and protected areas through the 

Important Bird and Biodiversity Area (IBA) and Key Bio-

diversity Area (KBA) schemes (SDSN TReNDS 2019; Fritz 

et al. 2019). Of the existing KBAs, which are sites desig-

nated as significantly contributing to global biodiversity, 

44% of freshwater and 47% of terrestrial KBAs are covered 

by existing protected area boundaries (UNEP-WCMC et al. 

2018). The largest subset of KBAs is identified using data 

on birds including IBAs (UN 2019d) .

Most citizen science globally engages members of the 

public to contribute observations of nature or annotate data 

from nature online (Chandler et al. 2017). Observations of 

birdwatchers, in particular, has dramatically increased col-

lective knowledge of many bird species, as exemplified by 

many peer-reviewed academic publications that include 

observation data from around the world (https ://ebird .org/

scien ce/publi catio ns). The platform eBird alone acquires 

around 7.5 million bird observations on a monthly basis and 

more than 100 million bird sightings per year (https ://ebird 

.org/). In addition to eBird, initiatives around the world such 

as Bird Track, Seabirds, the PanEuropean Common Bird 

Monitoring Scheme, along with other resources that include 

published and unpublished literature and expert reviews, 

provide data that are used for the identification of IBAs and 

KBAs (Butchart 2019).

Although indicator 14.5.1 Coverage of protected areas in 

relation to marine areas is also related to protected areas, in 

contrast to 15.1.2 and 15.4.1, the current methodology does 

not include the KBA scheme. Therefore, the aforementioned 

projects are listed as "could be used" and not “already con-

tributing” to this indicator (Campbell 2019).

https://ebird.org/science/publications
https://ebird.org/science/publications
https://ebird.org/
https://ebird.org/
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Indicator 15.5.1 Red List Index

The Red List Index is compiled by the International Union 

for Conservation of Nature and Natural Resources (IUCN) 

and is also referred to as the IUCN Red List of Threatened 

Species. The Red List Index captures risk of extinction over 

time for birds, mammals, amphibians, and corals. BirdLife 

International, which has a network of volunteer observers 

collecting data on bird populations, is the official contribu-

tor of information on threatened bird species to the Red List 

Index. BirdLife International also uses data from citizen sci-

ence projects such as eBird to compile the list. Hence citizen 

science is already contributing to indicator 15.5.1.

Examples of SDG indicators where citizen science 
‘could contribute’ to SDG monitoring

As there are several examples of where citizen science 

‘could contribute’ to SDG monitoring, only some examples 

are described below. See Table S1 in the Supplementary 

Materials for additional examples.

Indicator 1.5.2 Direct economic loss attributed 
to disasters in relation to global gross domestic 
product (GDP)

SDG indicator 1.5.2 is about quantifying direct economic 

losses that result from a disaster. The metadata for this indi-

cator defines the direct economic loss as the “monetary value 

of total or partial destruction of physical assets existing in 

the affected area—direct economic loss is nearly equivalent 

to physical damage” (UN 2019d). There are a number of 

different citizen science initiatives that could help in quan-

tifying damage. For example, Picture Pile is a project where 

volunteers classify satellite images to identify damaged 

buildings after a disaster for post disaster damage assess-

ment (Danylo et al. 2018). In Humanitarian OpenStreetMap, 

participants digitize the areas affected by disasters, which 

includes identifying damaged roads for disaster responders 

to reach those in need (HOTOSM 2016). MicroMappers is 

another initiative that combines crowdsourcing of damaged 

buildings using drone imagery and artificial intelligence to 

train algorithms to sort through crowdsourced data for the 

purposes of disaster response (Givoni 2016). As the identi-

fication of damaged assets is needed to measure the direct 

economic loss, these, and other similar projects, could be 

used for monitoring progress on this indicator.

Indicator 3.3.3 Malaria incidence per 1000 
population

We have identified several citizen science initiatives that 

could provide direct or supplementary information for the 

monitoring of indicator 3.3.3. For example, MAHEFA 

(MA-lagasy HE-althy FA-milies) was a community-based 

health project run by USAID and the Madagascan Min-

istry of Public Health from 2011 to 2016. As part of the 

program, thousands of community health volunteers were 

chosen by their own communities to be trained in pro-

viding basic health care services and identifying serious 

cases. In Analalava, community health volunteers provided 

a wide range of services including promoting good health 

practices and hygiene, offering family planning services, 

diagnosing and treating simple cases of malaria, diarrhea 

and pneumonia for children under age 5, and raising child-

hood immunization (USAID 2015). MAHEFA Miaraka 

is the continuation of the MAHEFA program, running 

between 2017 and 2021 (USAID 2017). Although primar-

ily designed for action rather than monitoring purposes, 

initiatives such as MAHEFA could inform this indicator.

In addition, some citizen science projects are aimed at 

measuring mosquito populations at the national and global 

levels through different types of activities and data col-

lection protocols. These include Mosquito Alert (Palmer 

et al. 2018), a project that monitors adult species presence, 

and the GLOBE Mosquito Habitat Mapper, which moni-

tors breeding grounds (https ://www.globe .gov/web/globe 

-mosqu ito-proje ct). The Global Mosquito Alert Consor-

tium (Tyson et al. 2018) is a consortium of citizen science 

mosquito monitoring projects that collaborate on protocols 

and data sharing. Global Mosquito Alert could also sup-

port this indicator by providing supplementary informa-

tion on mosquito populations and their possible breeding 

sites, in a coordinated way, that allows for local differences 

in monitoring methodologies (such as focusing on adults 

or breeding grounds), but also supports coordination and 

data sharing.

Indicator 6.3.2 Proportion of bodies of water 
with good ambient water quality

This indicator aims to measure the proportion of water 

bodies in a country with good water quality. Although an 

established methodology exists for 6.3.2, the data are not 

regularly produced (Tier II) as substantial investments in 

financial and human resources are required for organizing 

routine data collection activities at high spatial and tempo-

ral resolutions. Accordingly, many of the least developed 

countries do not collect data on water quality or they have 

very limited monitoring programs available (UN 2019d). To 

address these data gaps and supplement the existing authori-

tative data, the metadata of 6.3.2 refer to citizen science as 

an additional source of information (Quinlivan et al. 2019).

Citizen science initiatives such as FreshWaterWatch 

could provide meaningful contributions to the monitoring 

https://www.globe.gov/web/globe-mosquito-project
https://www.globe.gov/web/globe-mosquito-project
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of this indicator. FreshWaterWatch has a global water quality 

database based on the contributions made by 8,000 + citi-

zen scientists for more than 2,500 water bodies (freshwa-

terwatch.thewaterhub.org, 2019). Other projects, including 

Secchi Dip-In (Bigham Stephens et al. 2015), Lake Observer 

(Carey et al. 2019), Citclops (Busch et al. 2016), Opal Water 

Survey (Rose et al. 2016) and many more, could also inform 

this indicator. Given the potential of citizen science to sup-

port 6.3.2 and the large data gaps that exist, the custodian 

agency, UN Environment, can play a more active role by 

encouraging countries to apply citizen science to monitor 

water quality, and by providing guidelines for initiating and 

implementing citizen science projects at a local or national 

level.

Indicator 11.6.2 Annual mean levels of �ne 
particulate matter (e.g., PM2.5 and PM10) in cities 
(population weighted)

This Tier I indicator is modeled by the World Health Organi-

zation (WHO) using recorded measurements of particulate 

matter that is approximately 2.5 and 10 microm or less in 

diameter (abbreviated as  PM2.5 and  PM10, respectively) 

from official pollution monitoring stations around the 

world, incorporating around 3000 station inputs. Global 

and regional estimates are weighted by national popula-

tions. In addition to these official monitoring stations, there 

are several citizen science projects, both past and current, 

that involve citizens in measuring  PM2.5 and  PM10. For 

example, the EU-funded CitiSense project, which ended in 

2016, experimented with many low-cost pollution monitor-

ing sensors over the lifetime of the project, during a time 

when low cost sensor technology was evolving rapidly. The 

HackAir project, which also recently ended, still provides 

advice on its website for building Do-It-Yourself low cost 

pollution sensors that measure  PM2.5 and for then linking 

these measurements to an online map. Two ongoing citizen 

science projects, AirCasting and AirVisual, have developed 

sensors that measure  PM2.5 but cost in the order of 250 USD. 

Hence there are increasingly larger numbers of sensors being 

deployed by citizens that could contribute measurements to 

WHO’s model. However, data quality remains an issue due 

to the need to calibrate the sensors and variations in sensor 

performance caused by temperature and humidity (Liu et al. 

2019). Nevertheless, citizen science is valuable for detecting 

changes in previous levels of  PM2.5 and  PM10 and to provide 

detailed spatial distributions across cities, which cannot be 

produced with the current density of official stations.

Indicator 15.1.1 Forest area as a proportion of total 
land area

This Tier I indicator reports forest area as a proportion 

of total land area in a country (UN 2019d). This is cur-

rently measured through FAO’s Forest Resources Assess-

ment exercise, undertaken every 5 years. However, citizen 

science initiatives such as Global Forest Watch, Picture 

Pile, FotoQuest Go and other similar projects could inform 

this indicator by improving individual country estimates 

or providing more frequent updates. Global Forest Watch 

is an online forest monitoring platform, where volunteers 

around the world can monitor and report on global forests 

in near real time; it combines different sources of data 

including satellite technology and citizen science to enable 

access to timely and reliable data on forests. Picture Pile 

has been used in the past to map deforestation by asking 

volunteers to sort millions of pairs of satellite images to 

identify evidence of deforestation. Future campaigns could 

contribute to better mapping of deforestation and forest 

areas, and complement current national forest inventories 

or remote sensing approaches.

Examples of indicators with ‘no alignment 
at present’

In our analysis, we identified 165 indicators that have no 

alignment with any ongoing or past citizen science initia-

tives. These are mostly policy-relevant indicators that are 

designed to monitor a policy or a national or global initia-

tive and depend on official records and statistics, such as 

6.5.1 Degree of integrated water resources management 

implementation or 12.7.1 Number of countries implement-

ing sustainable public procurement policies and action 

plans. For example, the indicator 6.5.1 on the degree of 

implementation of integrated water resources manage-

ment is based on a national survey structured around (i) 

an enabling environment that includes policies, laws, 

plans; (ii) institutions such as political, social, economic 

institutions; (iii) management instruments that are tools 

and activities that enable informed decisions; and finally 

(iv) financing made available to achieve integrated water 

resources management. Answers to the survey need to be 

provided by countries following a stakeholder consulta-

tion. This is an indicator that is not amenable to citizen 

science approaches as the data collection is purely policy-

relevant and therefore the responsibility of governments as 

described in the indicator methodology. 12.7.1 is another 

example of an indicator that will rely on the results of a 

global review survey. The survey will be filled out by the 

countries as stated in the work plan of the indicator, as no 

established methodology currently exists for the indicator 
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(Tier III). Other examples of policy-relevant indica-

tors that are not amenable to citizen science approaches 

include 8.b.1 Existence of a developed and operationalized 

national strategy for youth employment, as a distinct strat-

egy or as part of a national employment strategy or 1.5.4 

Proportion of local governments that adopt and imple-

ment local disaster risk reduction strategies in line with 

national disaster risk reduction strategies.

Indicators with financial focus constitute another 

group that typically does not align with citizen science 

approaches. Examples of this group include the indicator 

1.a.2 Proportion of total government spending on essen-

tial services (education, health and social protection) or 

4.b.1 Volume of official development assistance flows for 

scholarships by sector and type of study or 17.17.1 Amount 

of United States dollars committed to (a) public–private 

partnerships and (b) civil society partnerships.

Discussion

Our research is the first comprehensive analysis on the con-

tribution of citizen science to SDG monitoring at the indi-

cator level. Previous work has only considered the potential 

of citizen science at the levels of goals and targets (West 

and Pateman 2017; Bio Innovation Service 2018) or pro-

vided only a few examples of where citizen science data are 

already contributing to some of the SDG indicators (Fritz 

et al. 2019). Other similar analyses include reports looking 

at the contribution of citizen-generated data to the SDGs 

focusing on a few case studies (Gray et al. 2016; Datashift 

2017; Lämmerhirt et al. 2018). However, their mapping did 

not include the complete set of 244 SDG indicators.

The most remarkable finding from this review process 

is that citizen science has the potential to contribute to all 

17 SDGs, since it is already contributing or could con-

tribute to at least one indicator per goal. The contribu-

tions were evenly split between direct and supplementary 

(each ~ 48%), indicating that citizen science can ben-

efit the SDG indicator framework in different ways. This 

includes, but is not limited to, citizen science being the 

primary source of data that is used to measure progress 

on the indicator or filling spatial or temporal gaps in our 

knowledge. For example, household surveys, as the main 

data source for one third of all SDG indicators (ISWGHS 

2019), can benefit from citizen science approaches. Citizen 

science could complement household surveys at a local 

level by providing more granular data to inform local 

decision making processes through involving community 

members to collect data. The Uganda Bureau of Statictics 

has already used this approach as part of its Community 

Information System program (Lämmerhirt et al. 2018). 

Uwezo, a project started in 2009 in Kenya to evaluate the 

levels of literacy and numeracy, conducted large scale 

household assessments led by citizens in Kenya, Tanza-

nia and Uganda. Although the survey design and sampling 

processes would require more collaboration with official 

institutions, Uwezo’s results served the purpose of high-

lighting issues around education in a well-documented 

way with officially recognized evidence. Uwezo’s work 

has contributed to a shift in the way that literacy should be 

officially measured. Several ministries of education have 

used, acknowledged or drawn upon Uwezo’s results (Gray 

et al. 2016). This example also highlights the potential of 

using citizen science to assess the processes and results of 

household surveys, which in a way constitutes a “moni-

toring of the monitoring process”. Understanding the 

metadata for indicators, existing data sources to measure 

indicators and national practices, as well as the data gaps 

and potential will be an important step forward in ensuring 

appropriate use of citizen science data.

The greatest contributions of citizen science are in the 

environmental domain, such as indicators found in SDG 

15 Life on Land; SDG 11 Sustainable Cities and Com-

munities; and SDG 6 Clean Water and Sanitation. This 

makes sense, given that citizen science is highly focused 

on environmental monitoring (Kullenberg and Kasper-

owski 2016). Yet, we also uncovered strong potential for 

citizen science in SDG 3 Good Health and Wellbeing. Tier 

I and II indicators are where citizen science could make 

the most significant contributions in terms of the number 

of indicators (75 in total) compared to only 8 in Tier III. 

Although these indicators may already be established in 

terms of either methodology and/or data collection, citi-

zen science can, nevertheless, provide inputs at a national 

level, particularly in terms of higher temporal and spatial 

frequencies. Although Tier III indicators were thought to 

have the greatest potential regarding citizen science (Fritz 

et al. 2019), only through such a comprehensive mapping 

can we see that this potential is smaller than originally 

anticipated. However, even for these eight indicators, there 

is still scope to work with custodian agencies and NSOs 

to explore the potential of citizen science, in particular, to 

use citizen science to help in devising the methodology.

Even though difficult to generalize and define in concrete 

terms due to the unique methodologies of each indicator, 

including the suggested sources of data for measuring them 

and proposed compilers of these data, our analysis shows 

that some indicators could be more amenable to citizen sci-

ence than others. In addition to the environmental indicators 

mentioned above, these include indicators that could benefit 

from observations such as bird and biodiversity monitoring 

(15.1.2, 15.4.1) or monitoring of land use and land cover 

changes (15.1.1, 15.2.1). Other indicators that align well 

with citizen science approaches would be ones that could be 

supported by spatial data. For example, monitoring of water 
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quality (6.3.2) or air quality (3.9.1), disease threats (3.3.3), 

post disaster damage assessment (1.5.2) or open spaces in 

cities (11.7.1). Another group would be indicators that could 

be supplemented through self-reporting such as sexual vio-

lence (16.1.3) or perception of safety (16.1.4). More generi-

cally, it appears likely that indicators measuring issues that 

raise a concern among citizens and communities are more 

amenable to citizen science. The reason for this may be these 

issues affect or could affect their health, environment and 

quality of life.

We also examined the overlap between contributions 

from citizen science and EO to the SDG indicators, which 

was the case for 24 indicators, to identify the potential for 

these 2 data sources to complement each other. For exam-

ple, citizen science can support EO in two different ways: 

satellite (and other remotely sensed) image interpretation 

and data collection, which could help in the calibration 

and validation of products generated by remote sensing 

(See et al. 2016). The GEO Global Agricultural Monitor-

ing (GEOGLAM) is an initiative that aims to strengthen 

global agricultural monitoring by improving the use of 

remote sensing tools for crop production projections and 

weather forecasting. GEOGLAM could support some SDG 

targets under SDG 1 and SDG 2, including target 2.c Adopt 

measures to ensure the proper functioning of food com-

modity markets and their derivatives and facilitate timely 

access to market information, including on food reserves, 

to help limit extreme food price volatility. GEOGLAM 

relies on satellite EO data and in-situ measurements, as 

well as other citizen science platforms using crowdsourced 

approaches such as Geo-Wiki (GEO 2017).

The SDG indicator framework is a work in progress. 

The tier classification for indicators is regularly reviewed 

and updated as new methodologies are designed for Tier 

III indicators or more data become available to measure 

them. In addition, the 51st session of the UN Statistical 

Commission (UNSC) in 2020 will be the first comprehen-

sive review of the SDG indicators. The review is expected 

to cover 37 new indicators for 14 goals (Adams 2019). 

Therefore, this assessment will need regular updating as 

the SDG indicator process progresses over time.

During our mapping, we additionally identified indi-

cators for which citizen science data could be used as a 

source of information if there were relevant projects in the 

future. However, these were not included in the current 

mapping. For example, we could not identify any past or 

ongoing citizen science project that could support indica-

tor 2.1.1 Prevalence of undernourishment, yet citizen sci-

ence could be used as an approach for understanding diets 

and developing interventions in the future. Hence, further 

research could be done on the potential of citizen science 

more generally for the SDGs.

Finally, we do acknowledge that not all projects might 

be included in our mapping due to the broad scope of citi-

zen science as a concept, with many different terms used 

to define these activities (Eitzel et al. 2017), as well as 

the vast range and number of citizen science initiatives 

worldwide. Language was another issue; most of the ini-

tiatives we mapped were in English. Therefore, a local 

scale, citizen science project in another language may not 

be covered. However, creating an exhaustive list of all 

citizen science initiatives worldwide was not the aim of 

this paper. Instead, our goal was to identify at least one 

project in which the data are supporting, or could support, 

the SDG monitoring process. Hence, we propose that this 

work could serve as the basis for more elaborate research 

focusing on one or more specific goals or targets, studying 

the methodologies and approaches used by identified citi-

zen science initiatives and providing guidelines on includ-

ing them in official statistics.

Conclusions and next steps

In this study, we undertook a systematic review of the 244 

SDG indicators, characterizing each one by whether citizen 

science is already contributing, could contribute or has no 

alignment at present.

In our analysis, we identified the barriers to the imple-

mentation of the SDGs from the perspective of data gaps 

and needs. Even though data availability has improved sig-

nificantly in the last decade, there are still major gaps in 

the supply of reliable, timely and actionable information 

that could be used to inform policies. Most countries do 

not regularly collect data for more than half of the global 

indicators (UN 2019a). Countries in Africa and Asia, on 

average, have data available to monitor only about 20% of 

SDG indicators (UN 2018; SDSN TReNDS 2019). Moreo-

ver, 68% of the environmental SDG indicators lack data (UN 

Environment 2019). Encouragingly, our results show that 

citizen science is already contributing or could contribute 

data to 40% of the environmental SDG indicators. However, 

this untapped potential of citizen science for tracking SDG 

progress is yet to be realized as many of the citizen science 

initiatives we identified as part of this study as having great 

potential to contribute to SDG monitoring are currently not 

feeding into this process. They require different levels of 

modification and improvement to be used for SDG monitor-

ing and reporting purposes including standardization and 

use of quality assurance processes. Improving the quality 

of the data is clearly a need, but assessing and quanitfying 

the quality of data is still an area of debate. Askham et al. 

(2013) define data quality according to six core dimensions, 

and citizen science may have particular impact on two of 

those dimensions for improving the monitoring of SDGs: 
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Completeness, filling all the identified data gaps for SDG 

monitoring (UN Environment 2019) and Timeliness provid-

ing early warning of hazards, and reducing the disaster risk 

(Hicks et al. 2019), with the consequent improvement of 

several SDGs (Kelman 2017).

Realizing the full potential of citizen science data 

depends on creating an enabling environment. This could 

be done through, for example:

 (i) building awareness and sharing experiences on the 

use of citizen science for the SDGs, which could 

be achieved by integrating the citizen science com-

munity into the SDG monitoring processes through 

initiatives such as the Community of Practice on the 

SDGs and Citizen Science (SDGs CoP) established 

as part of the EU-funded WeObserve project;

 (ii) developing case studies or success stories where citi-

zen science data have been used in innovative ways 

by NSOs and disseminating these using channels 

such as the SDGs CoP, data and statistics events and 

conferences, etc. that will reach governments, NSOs, 

custodian agencies and other SDG stakeholders;

 (iii) identifying criteria for ensuring data quality or data 

quality assurance procedures, drawing upon a vast 

literature that already contains many different types 

of quality assurance processes and based on citizen 

science project experiences of successful techniques. 

This should be coupled with requirements from 

NSOs and other government agencies regarding their 

quality standards and protocols.

 (iv) integrating citizen science into the methodologies of 

SDG indicators, learning lessons from the current 

example of integrating citizen science as the source 

of data into the methodology of indicator 14.1.1 on 

marine debris;

 (v) promoting consistent data collection across citizen 

science initiatives through aligning definitions with 

global definitions that would allow internationally 

comparable methodologies and harmonized data col-

lection and sharing, which can be achieved through 

working groups (WGs) initiated by the citizen sci-

ence community or new WGs that could be led by 

relevant UN agencies;

 (vi) supporting open citizen science data that are for-

matted using standards, e.g., a new data and meta-

data standard for Public Participation in Scientific 

Research (PPSR) is currently being developed by 

citizen science associations in the United States, 

Europe and Australia in partnership with SciStater.

com; and

 (vii) sustaining citizen science initiatives through innova-

tive funding schemes, e.g., European funding initia-

tives such as the ‘Science with and for Society’ pro-

gramme, national research funding schemes, green 

business funding, crowdfunding platforms, etc.

Partnerships between governments, NSOs, and citizen 

science practitioners are key to turning these ideas into 

achievable actions that could also lead to building on each 

other’s experiences, needs, and capacities. For example, the 

SDGs CoP is an initiative established to foster collaboration 

and consolidate knowledge and experience on citizen sci-

ence and the SDGs across stakeholders.

Although data from citizen science may be considered a 

low-cost option, the data are not free nor are they necessar-

ily interoperable with systems employed by NSOs. We need 

further developments in citizen science data collection and 

analytical tools, data validation processes, interoperability, 

etc., to ensure that the data are structured in a way that is 

of high quality, comparable, and could inform policy. This 

requires investment and hence clear business cases. Many of 

these challenges are echoed in the need for a digital ecosys-

tem for the planet (Campbell and Jensen 2019), where citi-

zen science is one of the data sources identified for powering 

this network. In addition, the potential of citizen science 

as a data source for monitoring the SDGs—especially for 

improving the temporal scale—also relies on the sustainabil-

ity of the citizen science initiatives. Moreover, the enabling 

environment for citizen science requires innovative fund-

ing schemes, as well as careful attention to the incentives 

and barriers for continued participation by citizen scientists 

(Wehn and Almomani 2019).With the current challenges of 

climate change and environmental degradation, the future 

of the planet depends on better data to stimulate meaningful 

action and decisions (IAEG Secretariat 2014; Jensen and 

Campbell 2019). As a rapidly growing and transforming 

field, citizen science has considerable potential to interact 

with the fast evolving SDG process, not just as a source of 

data that could fill gaps or improve rapid response to disas-

ters, but as a science-driven approach that places citizens 

at the heart of SDG monitoring. Citizen science provides 

the public with the means to inform policy, which could 

raise trust, credibility and ultimately accountability in the 

SDG monitoring process. Moreover, engaging with citizens 

in the data collection process, and in research more gener-

ally, could create opportunities to stimulate citizen action. 

Implementation of the SDGs requires changes to existing 

decision making procedures and practices across govern-

ance structures, economic sectors and society at large. Citi-

zen science not only ‘delivers’ more complete and timely 

data but can also trigger shifts in governance structures and 

accountability, which imply changes for public authorities 

in terms of both the basis for their decisions (what evidence 

and how this is taken into account) as well as in their inter-

actions with the public in terms of continuity and respon-

siveness (Wehn et al. 2015).
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