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Preface
In 2015, the WMO (World Meteorology Organization) WWRP (World Weather
Research Programme) established the High-impact Weather Project (HIWeather). The 10-year
research project is aimed at achieving dramatic improvements in the effectiveness of weatherrelated hazard warnings, following recent advancements in numerical weather prediction at kmscale and in disaster risk reduction.
The HIWeather structure has five task teams that focus on research on thematic
areas: (1) user-oriented evaluation, (2) human impacts, vulnerability and risk,
(3) communication, (4) multiscale forecasting, and (5) predictability and processes. Aside from
these, HIWeather has projects that cross-cut the five themes. One of the flagship projects is the
HIWeather Citizen Science Project.
Many new and ongoing citizen projects are planned or underway within the High
Impact Weather community. The HIWeather Citizen Science Project was initiated to share
information gained from existing successful citizen science projects and research. In addition, it
was designed to provide tools to help more groups and agencies become more interested and
build their capacity to do citizen science. The project's activities involve hosting online seminars,
coordinating special journal issues, highlighting successful projects, and compiling this guidance
note, among others. This 'Guidance Note' was developed to help groups and agencies increase
interest in citizen science and guide project leaders to raise key questions as they start their
own citizen science projects.
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INTRODUCTION

People often conceive science to be limited to the work done by 'scientists' – but this
perception of science is increasingly challenged by the growing involvement of the public in
scientific endeavours. Participatory approaches, such as citizen science, have allowed scientists
and researchers to learn from citizens' knowledge. In addition, citizen science has enabled
decision-makers to reach people and has allowed communities to influence and drive for societal
change.
Citizen science is an established field with many resources available, including
academic journals1, research centres2, and organizations3. It is referred to under different
names, including but not limited to: community science, participatory science, participatory
assessment, community-based research, community-based monitoring, volunteer monitoring,
and others (Haklay et al., 2018; Strasser & Haklay, 2018).
This guidance note synthesises and builds on previous literature and aims to
complement other existing citizen science documents. To begin, this guidance note provides an
overview of citizen science as a concept. This is followed by a 'key questions' guide, which
provides questions to focus on when developing citizen science projects. Finally, the guidance
note provides examples of citizen science projects.
1.1

What is citizen science?

Citizen science involves the participation of individuals or groups in generating new
scientific knowledge. The term was coined to distinguish science conducted by or with amateur
scientists from investigations conducted purely by professional scientists. However, some
projects may prefer to use the term civic science or community science; to emphasise the
leadership and inclusive involvement of individuals and communities.
A diverse range of citizen science projects are becoming increasingly valuable tools
for contributing locally grounded insights to research. Multiple scientific methods are being
developed to gather data and provide analytical depth. In most examples, the public (i.e. the
'citizens') participate in various stages of the scientific process, including but not limited to
collecting, categorising, transcribing, and analysing data.
In meteorology, the concept of a network of lay observers contributing to science has
existed as early as the nineteenth century (Shuttleworth, 2021). For example, hundreds, and
sometimes thousands, of voluntary observers contributed to the British Rainfall from 1860 to
1900 under George S Symons’s coordination (Anderson, 2005). Symons engaged and
encouraged Monthly Meteorological Magazine readers to contribute local information
(Shuttleworth, 2021).
Citizen science is especially useful in meteorological, climatological, and hydrometric
research because there may be data gaps in remote or hard to access geographic regions (Fehri
et al., 2020). Citizen science projects can offer alternative solutions to fill in these data gaps.
As well as being a valuable method for data collection, citizen science can offer
effective ‘two-way’ tools that provide pathways for knowledge sharing and engagement with

1
2

3

Citizen Science: Theory and Practice is a peer-reviewed journal by the Citizen Science Association; it is
focused on advancing the field of citizen science.
Research centres have been established around the world, examples include UCL’s ExCiteS (Extreme
Citizen Science) research group in United Kingdom, Zentrum für Citizen Science in Austria, Center for
Citizen Science in India, and Citizen Science Center in Switzerland, to name a few.
Globally, association and organizations around citizen science has been formed; for example, the Citizen
Science Association, the European Citizen Science Association, the Australian Citizen Science
Association, and CitizenScience.Asia
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communities and public groups. As citizen science projects are grounded within a particular
context, they are valuable for education and knowledge sharing locally (Hicks et al., 2019).
Citizen science can generate understanding, communicate risks, and move
communities to take action.
1.2

What are the benefits of citizen science?

Citizen science has been applied in many contexts, including ecological restoration,
water monitoring, conservation, meteorology, public health, telecommunications, disaster
response and climate change.
The involvement of citizens in these scientific processes has led to broad benefits,
including:

2



Collection of large data sets, especially in geographically dispersed or hard to
reach locations, to support modelling, prediction and forecasting



Increased education around hazard impacts through the participation of
communities



Improved engagement between trained scientists and citizens



Building community resilience (e.g. solving weather-related problems, better
understanding of how to respond to physical processes)



Capacity building for the public to motivate action and create change in their
local areas in response to potential or real disaster impacts



Improved research quality through co-production of parts of all of the
scientific research process

KEY QUESTIONS WHEN DEVELOPING A CITIZEN SCIENCE PROJECT

Anyone can start a citizen science project, even one person with enough motivation
to investigate an idea (Pettibone et al., 2016). The researcher or group of researchers initiating
the project can be a professional scientist or any amateur researcher involved in civil society.
There are, however, key questions that must be considered before starting a citizen science
project.
This guidance note aims to aid researchers who want to start a new citizen science
project. It is intended to allow researchers to ask questions of themselves, their colleagues,
and allow them to analyse if citizen science is a good fit for their intended project's purpose. In
addition, this guidance note supports other existing 'how-to' toolkits and manuals4 as a
compendium of questions to encourage project managers to be reflexive in their project
development.
The guidance note follows McLaren's (n.d. forthcoming) framework (See Figure 1) for
citizen science project development. The framework has four components. It starts with defining
the project's purpose and motivation, including identifying the problem the initiative seeks to
address. The second part of the development process asks project designers to consider which
participation type is most appropriate for the project. The third component involves designing
the project, raising general and context-specific questions on the project's inputs and planned

4

Many helpful how-to toolkits and manuals already exist for citizen science. See for example
CitizenScience.gov Toolkit and the BürGEr schaffen WISSen – Wissen schafft Bürger, GEWISS Citizen
science for all: A guide for citizen science for citizen science practitioners
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outputs and outcomes. Finally, the fourth component outlines the ongoing considerations; it
highlights questions throughout the project development process.
This section of the guidance note outlines key questions to ask for the four
components of the framework.

Figure 1. A citizen science project development framework
2.1

Purpose and motivations

A variety of purposes and motivations sit behind the creation of citizen science
projects. At the start of a project, it is good to be clear and reflective about the motivating
factors influencing the project development.
The popularity of using citizen science as an approach often lies in its ability to gather
and process hard to access or large amounts of data. Thus, interests in gathering and processing
data are typical motivations for starting citizen science projects. Such data-oriented motivations
focus on the scientific outputs, where citizens' participation is an essential component to
increase data gathering and processing capacity.
However, citizen science projects may also have motivations beyond data and aspire
towards social outcomes. Community engagement is also a common motivation. Citizen science
projects can also include social objectives such as improving scientific literacy and advancing
diversity and inclusion in science. Finally, citizen science can also be motivated by the drive for
social change.
The drive to use citizen science for action and social change is highlighted in this
case:
Louisiana Bucket Brigade. Community participation in science, including
community-led science, can help create change on issues that harm residents in an
area. In September 1998, communities surrounding industrial facilities in Mossville,
Louisiana, began taking air samples using low-cost devices known as 'buckets'. The
samples revealed violations of state standards for vinyl chloride, ethylene dichloride,
and benzene. After a year, with much media attention, the US Environmental
Protection Agency confirmed the harmful air pollution level. This led to the fining of
some facilities and the installation of new monitoring devices. Bucket brigades spread
around Louisiana's cancer alley, which led to the formation of the non-profit
environmental health and justice organization known as the Louisiana Bucket Brigade
(Hines, 2015).
The purpose or motivation for creating the citizen science project can be a mixture of
data or social orientation. The motivations can be about gathering data, processing data,
educating people or creating change through science. At the start of developing a citizen science
project, clarify the purpose and motivations of the initiative. Ask these preliminary questions to
help define your project's purpose and motivations:


What is the main aim of the project?
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What questions or issues do we want to address?



What data is needed? And for what reason?



Why is citizen science a good approach to take for this research?
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Types of participation

Citizen science projects vary widely. Highly participatory projects collaborate with
citizens actively in the project design, data collection, and analysis. While in other citizen science
projects, scientists take on the lead role of designing and coordinating projects, and citizens
contribute passively or actively through data collection or analysis. Projects at both ends of this
spectrum and all projects in between can create new scientific outputs and broader outcomes.
Many different project typologies have been defined. For example, Haklay (2013),
Bonney et al. (2009), and Shirk et al. (2012) defined typologies based on citizens' roles. The roles
of citizens in projects also provide insight into the influence scientists have in citizen science
projects. In a way, citizens' and scientists' roles are supplementary to each other, and both
contribute to the dynamics of how projects operate. For this guidance note, we summarise the
different typologies and simplify the roles of citizens and scientists into a matrix (see Figure 2) by
asking two main questions:


What level of influence will citizens have over the project?



What level of influence will scientists have over the project?

Answers to these two questions can then be plotted in Figure 2, guiding the
participation type appropriate for the project.

Figure 2. Matrix on the typology of projects based on
citizens' and scientists' levels of influence based on the project
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What level of influence will citizens have over the project?

The horizontal axis of Figure 2 shows a continuum of influence the citizens can have
for citizen science projects. Citizens can act as sensors with data collection roles or can
participate more cognitively as interpreters of data. More collaboratively, they can contribute to
parts of or to the entire scientific process. Four common types of roles for citizens (Adapted from
Haklay, 2013):

2.2.2

(a)

Citizens as sensors — Citizens' participation is limited to providing data to
the project. Crowdsourcing projects are examples where the citizens act as
sensors, providing data for scientists to interpret and use. Roles as sensors
can be passive (for example, downloading an app that allows data gathering
via phone) but also can involve active participation (for example, taking
photos or daily logs of information).

(b)

Citizens act as interpreters — Citizens' involvement goes beyond providing
data and comes with cognitive contribution. For example, gathering data may
entail the participants performing some interpretation where basic training or
guidance may be required. Furthermore, citizens can participate in distributed
intelligence, where they collectively perform the data processing or data
analysis function of the project.

(c)

Citizens engage in the scientific process — Citizens play an active role in
problem definition through data collection. The citizens actively engage in the
project design and data collection but still require scientists' expertise in
analysing and interpreting the results.

(d)

Fully collaborative citizens — Citizens influence the entire scientific
process. The scientists and citizens are part of a complete integrated activity
in designing and implementing the study. Participants determine their level of
engagement which can involve analysis and even publication of the results.

What level of influence will scientists have over the project?

The matrix' vertical axis shows that scientists can have different levels of influence on
citizen science projects based on their roles and, consequently, their interactions with the public.
Citizen science project classifications developed by Bonney et al. (2009) and expanded upon by
Shirk et al. (2012) were adapted and adjusted for this purpose in the guidance note. The three
levels of scientists' influence:
(a)

Instruct — Scientists exercise primary authority based upon their expertise
and take responsibility for the entire research design, and the citizens
contribute data.

(b)

Collaborate — Scientists initiate the research design, and citizens contribute
data; citizens may also help design, analyse, or disseminate.

(c)

Co-create — Both scientists and citizens work together throughout the
research.

Figure 2 illustrates six common types of projects that can stem from four roles of
citizen participation and three levels of scientists' influence. Section 3 of this guidance note
illustrates examples of these six types.
2.2.3

Engagement questions

Deciding on the type of participation also depends on your projects' capacity to
maintain a good level of engagement. Questions for a project's ongoing consideration are
outlined in Section 2.4. But here are additional questions on engagement to consider when
deciding on the type of project:
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What is your relationship with the group of people that you want data from or
that you want to engage in the proposed project? Is there an existing
relationship?



How much capacity do you have to manage volunteers during the project?



How much involvement do you want the participants to have in the design
and execution of the project?

Project design

When designing projects, best practices on general project management should be
followed. Multiple guidance documents already exist for managing citizen science projects. For
example, the European Citizen Science Association has compiled a collection of guidelines for
citizen science projects.5 However, the intention of this guidance note is not to replicate already
existing guidance but rather to highlight key questions for general project design:


Time frame — What is the time frame of the project? Is it ongoing, periodical,
or a one-off?



Scale — What is the scale of the project? Is it local, regional, national, or
international?



Finance — What are the costs associated with the project?



Resources — What resources can be made available to the citizen scientists to
aid their skills and confidence in data collection and analysis?


2.3.1



Training – What type of training is needed to enable the citizens to
handle data?



Technology – What technological platforms (website, app, software,
etc.) can be used to facilitate the scientific process?

Reciprocity — How do we give back to the volunteers for their time and
contribution to the project?

Ethical considerations

Ethics must be considered when doing citizen science projects. Project leaders must
be aware that they have a duty of care to the communities and citizens they reach out to for
their projects. Citizens can play two roles simultaneously: as researchers and as subjects
(Resnik, 2019). Citizen science projects should follow standard ethical standards surrounding
human subject engagements. Some points to consider are informed consent, confidentiality/
privacy, equity, reasonableness or minimisation of risk, social value, and protection of the
vulnerable, among others (Resnik, 2019). Projects should also consider the ethical timeliness of
engaging with affected populations during disaster events (Beaven et al., 2016).
For projects involving disaster events, similarly to high-impact weather events,
activities must follow the principles of (1) Beneficence and (2) Distributive Justice (Natural
Hazards Research Platform, 2016):
(1)

5

The Beneficence Principle requires that projects must not inadvertently
increase harm; but rather provide benefit;

https://ecsa.citizen-science.net/documents/
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The Distributive Justice Principle requires that projects must not exacerbate
unjust social patterns. One group should not carry the burden for another
group's benefit (e.g. impacted populations should not incur a research burden
because of their situation).

Below are common questions that can be asked for initial ethical considerations for
citizen science projects:

2.3.2



Overall — What are the researchers' duties of care to the communities?



Data protection — What steps do we take to ensure citizens' personal data are
respected and protected?



Risks — How will risks and unintended negative consequences be avoided,
mitigated, and monitored?



Timeliness — When is an appropriate time to be engaging with citizens
considering an impactful event?



Inclusion — Are there steps in place to ensure equal and meaningful
opportunities for different groups (e.g. gender and marginalised groups)?

Context-specific considerations

As mentioned, special considerations have to be taken into account when designing
projects for particular events (for example, in high-impact weather events or disaster-related
events). Project managers or lead investigators must consider the timing, predictability of the
event, frequency of occurrence, hazard type, and the stage in the disaster management
lifecycle. Additional questions for citizen science projects involving context-specific events:


Timing — When will data collection occur? Pre-event, during event, or postevent?



Predictability — How will data collection be affected by the predictability or
unpredictability of the event?


2.3.3

Is the location/timing of the event predictable? What resources are
needed to prepare and deploy data gathering if location/timing is
predictable or unpredictable?



Frequency — What is the frequency of occurrence of the event? What
resources are needed to prepare and deploy data gathering if events occur
more than/less than once a year?



Harm — Will citizens' engagement in the project expose them to potential
harm (e.g. affects their mental health or exposes them to physical danger)?
What steps are in place to mitigate potential harm?



Hazard type — Will the project focus on a singular hazard, multiple hazards,
or cascading hazards?



Lifecycle — Will the project focus on preparation, mitigation, monitoring,
response, or recovery of the event?

Project outputs and outcomes — for planning and evaluation

The citizen science project must outline clear outputs and outcomes. Project outputs
and outcomes are important to consider before a project as they will guide the direction of the
project and how it will be run. Moreover, these questions will also be helpful when evaluating the
citizen science projects. Key questions for citizen science projects' outputs and outcomes are
outlined below:
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Project outputs


Data quality — How will data quality be validated and managed?



Data quantity — How much data will be gathered, stored, and analysed?



Publishing rights — Who has publishing rights? Are you able to
acknowledge the participants for their work within the publishing
process?



Privacy concerns — How will citizen scientists' privacy be respected and
protected?



Public engagement with findings — How will the findings be reported
back to the citizen scientists?



Collaboration — How has the project shared control with the citizens
during the lifecycle of the project?



Access to data — Who can access and use the data?

Project outcomes

2.4



Empowerment of participants — Has the project given citizens agency to
address issues in their community?



Science for change — Has the project drawn attention to the issue?



Creating knowledge — What knowledge has the project generated with
the participants? Is this knowledge then shared with others?



Activism — What social justice outcomes can come out of the project?



Democratising science — Does the project give control to the participants
over the outcome of the project?

Ongoing considerations

The final part of the project development framework is the ongoing considerations.
Citizen science project leaders must continue to reflect on these seven considerations
throughout the project lifecycle: participation, trust, learning and knowledge, power dynamics,
partnerships, and context. These considerations are important to develop and maintain trusting
relationships and meaningful engagements between scientists and citizens.
Participation


Who is invited to join?



Who is the target audience, and why?



Who is included/excluded due to design/topic/life circumstances or
deeper systemic social, cultural or economic issues?

Trust


Do participants/volunteers trust the project leaders? And vice versa?



Do participants/volunteers trust the process?



Do participants/volunteers trust the science and data?



Can this project influence the broader community's trust and support for
the science cause or advocacy?
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Learning and knowledge


What types of knowledge is valued in the process?



How are different learning styles catered for?



Is knowledge co-created?



Are some knowledges privileged over others, and why?

Power dynamics


Has the diversity of people, skills, and knowledge been considered?



What language and terminologies are we using? And are they inclusive?
Appropriate to the community the citizens represent?



Who holds the roles?



Are the roles fixed or moveable?



Are there opportunities to change and upskill roles?



Is the project equitable?

Partnerships


Who is engaging and collaborating on the project?



Is there reciprocity?



How are the relationships handled?

Context


Is the engagement online, offline, or both?



What is the local context (culture, geography, socioeconomic, and
demographic)? Questions to consider:


3



Has this community experienced similar events in the past?



How was the event handled?



What is the trust of the community in response agencies
(e.g. research entities, emergency management)?



Are there competing cultures in the same community?



Who are the trusted gatekeepers/elders?



Are those less advantaged still able to participate fully?



Are the most affected demographic able to participate?

Are there communities-of-practice on this topic?

EXAMPLES FOR THE TYPOLOGY OF CITIZEN SCIENCE PROJECTS

This section shows examples of citizen projects on the typology of projects presented
in Section 2. This section provides brief descriptions of the typology of projects.
Type I — Contributory and crowdsourcing
The scientists' role is distinct from the citizens' role. Scientists take responsibility for
the project's scientific design, and the citizens are tasked to contribute data. Citizens act as
sensors where they contribute data passively or actively.
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CoCoRaHS Network. The Community Collaborative Rain, Hail, and Snow
(CoCoRaHS) Network consists of volunteers observing and measuring precipitation from their
backyards in the United States. Anyone can participate by installing low-cost equipment and
reporting their measurements online. The data collected is then used by experts, varying from
meteorologists, hydrologists, engineers, insurers, etc. The data collected by citizen scientists
contribute to storm warnings, drought monitoring, and water resources analysis, among others
(NOAA, 2018).
CoCoRaHS Website: https://www.cocorahs.org/
Type II — Contributory and distributed intelligence
Scientists still design the project, and citizens contribute the data. However, citizens’
contribution goes beyond the role of sensors; they act as basic interpreters utilising cognitive
ability and may require training to provide data.
Soda Bottle Science: Citizen Science Monsoon Precipitation Monitoring in
Nepal. A researcher-led water monitoring network — SmartPhones4Water (S4W) Nepal —
partnered with 154 citizen scientists using low-cost 'soda bottle' gauges to collect 6 654
precipitation measurements in Nepal (Davids et al., 2019). The project showed the role of citizen
science in filling precipitation gaps in resource-constrained environments in Nepal. The project
provided practical training on how to measure precipitation and input observations in an Android
app. The project allowed students and participants to plot daily precipitation and cumulative
precipitation in the templated forms. Scientists interpreted and published the overall results
from data gathered from the citizens.
SmartPhones4Water Website: https://www.smartphones4water.org/
Type III — Collaborative and distributed intelligence
The scientists take overall responsibility for the project, while citizens contribute the
data and participate in the other stages of the research. Citizens can act as basic interpreters
for the design, analysis, or dissemination of the results.
Surface Temperature Field Campaign and the Green Surf in the Dominican
Republic. Scientist Dr Kevin Czajowski (2015) developed the Surface Temperature Field
Campaign under the Global Learning and Observations to Benefit Environment (GLOBE)
programme. Students from various schools were asked to observe the surface temperature at
two sites (grassy and paved surfaces). Mrs Maria de Ruiz-Alma, a teacher in the Notre Dame
School — Dominican Republic, re-contextualised the project for their school as they did not have
any grassy areas. The students took surface temperature measurements and saw that some of
the playground's paved areas had higher temperatures. The students experimented with
different colours for paved areas and found a green coating most suitable. Resulting from the
initiative, the school then decided to change the coating of impervious surfaces to green and
called it the 'Green Surf'. The change reduced the heat by 3 degrees Celsius and made the
school look more attractive. The school's citizen science effort was also noticed by the wider
community; it raised awareness of the urban heat island (UHI) phenomenon and the cooling
effect of the school's Green Surf.
GLOBE Website: https://www.globe.gov/
Type IV — Collaborative and participatory
The scientists design the research. The citizens contribute data but can also help in
the design, analysis, or dissemination of the project results. Thus, citizens actively participate
not only in data collection but also in problem definition.
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Participatory Mapping: Disaster Risk Awareness in the Philippines.
Participatory mapping was conducted in schools to enhance youth awareness of disaster risk in
City College of San Fernando, Philippines (Gaillard et al., 2010). The scientists designed the
activity and tools (such as scaled base maps). The teachers facilitated the discussion, and
students, in turn, provided the local knowledge. The students plotted disaster-related data,
including their houses' location, the buildings and their storeys, locations of vulnerable people,
and areas they considered flood-prone. The activity allowed the researchers to refine their data
of local places. But more importantly, it led to a discussion by the students on local
vulnerabilities and capacities and then the identification of remedial measures for managing
flood risks in their local areas.
Type V — Co-created and participatory
Scientists and citizens work together throughout the citizen science research project.
The citizens actively participate in the design and implementation of data collection methods but
may still involve experts to analyse and interpret the results.
WeatherBlur. A citizen science project in Maine, USA, was built from the interest of
community members who wanted to know the economic and ecological impacts of climate
change on the region and wanted community members to contribute to that knowledge
(Kermish-Allen et al., 2019). This WeatherBlur project brought together scientists, teachers,
students, and community members to investigate scientific questions, contribute photos and
videos as data, collaboratively geo-locate the data on a shared map, and analyse and graph the
community data. Discussion tools and multimedia platforms were used to facilitate the scientific
process. Scientists and citizens were involved in the analysis and interpretation of results.
Researchers analysed the data from the project and the observations on the interaction between
various stakeholders. The results were then published on academic platforms.
WeatherBlur Website: https://mmsa.org/projects/weatherblur/
Type VI — Co-created and extreme
Collaborative science where citizens and scientists work together in the entire
scientific process. Extreme citizen science brings together scholars and community members to
develop theories and methodologies to create projects that will help address local issues.
ECSAnVis: Extreme Citizen Science — Analysis and Visualisation. An extreme
citizen science project in the Congo demonstrated the successful integration of the scientific
process with participants, even those with limited technical literacy (Stevens et al., 2014). The
project initially supported the Pygmy hunter-gatherers, other indigenous communities, and a
local NGO to tackle illegal logging in the Congo Basin. Moreover, the Sappelli Data Collection
Platform was developed as a visual aid tool to help data collection catering to participants' low
literacy levels. The tool, developed and tested with users, had no numerical or textual
elements in its interface. The project aimed to improve environmental management by
combining local knowledge, scientific analysis, and methodologies and tools developed with the
citizens.
4

CONCLUSION

Citizen science projects are gaining popularity and are increasingly welcomed in
different research areas, including the HIWeather context. Citizen science projects have the
potential to help evolve HIWeather research significantly. This guidance note encourages groups
and agencies to consider doing citizen science projects. It also challenges project designers to
raise 'key questions' when developing new citizen science projects. This guidance note builds on
previous citizen science literature to raise important questions for developing new citizen science
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projects. Questions are raised throughout the project development framework: (1) for the
project's purpose and motivations, (2) for the project's participation type, (3) for the project
design, including general and context-specific considerations, and (4) for ongoing reflexive
considerations throughout the project. It is envisioned that these questions will be considered by
researchers towards initiating robust citizen science projects.
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