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ABSTRACT
The global challenges of sustainability are encapsulated in the UN Sustainable Development 
Goals (SDGs), to which 193 member states are committed. However, a key challenge remains in 
identifying appropriate methods, indicators, and the ability to monitor progress towards these 
2030 Agenda goals. Citizen Science (CS), as a scientific activity in which non-professionals 
voluntarily participate and cooperate with experts, has been used in Western countries to meet 
this challenge. Whether it also applies to achieving the SDGs of Asian countries like China is 
a question that needs to be answered with evidence. On this basis, the tasks of this study are 
twofold: first, through a literature review, we identify CS projects relevant to water that are 
happening in China; Second, we analyse the selected projects from three dimensions (scientific, 
participant, socio-ecological and economic) under an adjusted CS evaluation framework to 
determine their suitability in China. The results show that at least 19 water-related citizen 
science projects emerged in China since 2005, most of which are dedicated to improving water 
quality, with a few focusing on biodiversity monitoring. Multiple stakeholders, including non- 
governmental (NGO)/non-profit (NPO) organisations, academic institutions, governments and 
companies participate in these activities, with NGOs accounting for the most. CS has not 
expanded rapidly in the past 15 years, but most of the projects are still active, which shows 
the possibility of CS’s further development in China after a good strategic framework has been 
formulated.
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1 Introduction

1.1 Sustainable development goals and citizen 
science

The UN’s 17 Sustainable Development Goals (SDGs, there-
after Goals) aim to achieve peace and prosperity for 
people and the planet, were adopted by all UN member 
states in 2015. All Goals and their 169 targets are expected 
to be achieved in 2030 (thereafter 2030 Agenda) (UNSD 
2015). In order to monitor progress towards the goals, 
their respective targets are measured by using 231 indi-
cators. The indicators are planned to be collected and 
shared annually, at global, regional and national levels. 
Those indicators are set by the Inter-agency and Expert 
Group on SDG indicators (IAEG-SDGs) to update each 
target’s implementation progress. There are three tiers 
(I, II, III) used with those indicators (IAEG-SDGs 2020). Tier 
I are indicators that over 50% of countries can provide an 
established methodology and adequate data resources; 
Tier II are indicators that have an established methodol-
ogy but inadequate data resources; while Tier III indicates 
having neither methodology nor data (UNSD 2020).

Since the 2030 Agenda is in its last decade, the good 
news is that to date, there are no more Tier III indica-
tors. However, almost 45% of the indicators (101) are 
still at Tier II, without adequate data resources (IAEG- 

SDGs 2020). One third of countries still do not have 
tracking available for all indicators (UNSD 2020). 
Moreover, the emergence and spread of COVID-19 
has been a major setback in global ambitions to 
achieve the Goals, at both target (e.g. economic inter-
ruption) and indicator levels (e.g. slowing down of the 
temporal and spatial update of official statistics) (Sachs 
et al. 2020; UN Desa 2020). More efforts are required to 
focus on developing and leveraging the wealth of real- 
time data available from multiple data resources, 
including non-traditional sources, to fix this tracking 
problem.

As a non-traditional source, citizen science (CS) 
refers to the engagement of the general public in 
a range of scientific activities such as monitoring and 
reporting about the state of the environment. In these, 
experts and amateurs work collaboratively and poten-
tially co-design research (Dickinson et al. 2010; GCSP 
2017). In many cases CS allows for a wide geographical 
coverage and speed in updating of information, and 
therefore CS could narrow the data gap. Research at 
the Stockholm Environment Institute (SEI) in 2017, 
identified potential CS contributions to 9 SDGs (Goals 
2, 3, 5, 6, 7, 11, 12, 13, 15). In 2018, the European 
component of the Global Earth Observation System 
of Systems (EuroGEOSS) identified 8 SDGs (Goals 3, 4, 
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5, 6, 11, 14, 15 and 17), where CS could contribute 
(5 October 2018 posting by Muki Haklay to his personal 
blog). In the same year, the Joint Research Centre (JRC) 
of the European Commission (EC) made a data inven-
tory of environmental citizen science projects, confirm-
ing their relevance for a range of SDGs (Goals 2, 3, 6, 7, 
11, 12, 13, 15 and 17).

Consequently, some work has begun to show that 
CS efforts could be increased, with this possibility 
being discussed at indicator levels. Fritz et al. (2019) 
demonstrated that CS has made contributions on 
some Tier I and II indicators (e.g. indicators 6.3.2, 
14.1.1). While such efforts have been discussed mainly 
based on concept overlapping without detailed analy-
sis, Quinlivan et al. (2020) filled this gap, to some 
extent, by analysing CS’s application into indicator 
6.3.2 (water quality), particularly in the five core para-
meters’ monitoring (oxygen, salinity, nitrogen, phos-
phorus and acidification). However, this is insufficient 
for CS promotion across the whole 2030 Agenda, as it 
only referred to a single indicator. Fraisl et al. (2020) 
undertook a systematic mapping of all indicators, char-
acterising each one by whether CS is already contribut-
ing, could contribute, or has no alignment at present. 
Their results show that the greatest CS contributions 
are in the environmental domain, such as indicators 
found in Goal 6 (clean water and sanitation). However, 
this result was derived from the global situation, while 
indicator monitoring work is normally conducted at 
regional and national levels. Many national CS initia-
tives have currently not confirmed their value, nor 
have they been able to feed into this monitoring 
process.

In this regard, China is encountering challenges in 
the application of CS for the SDGs. In China, CS is 
a new field, which, at present, only a small number of 
people know about superficially (Li et al. 2013), in 
that they understand the concept but think it 
equates to volunteering or use the term without full 
comprehension of how CS may be utilised. Different 
from the earliest CS (e.g. in the UK and U.S.), which 
originated prior to the 20th century with gentleman 
scientists (e.g. Charles Darwin and Benjamin Franklin) 
who self-funded their research when they hadn’t held 
any position in academic institutions 
(20 December 2019 posting by YaqianWu to 
Extreme Citizen Science Blog). China had its first CS 
project far later, which was in Hong Kong, with a bird 
watching society in 1957 (Wang and Zhang 2019). 
Perhaps this time lag can be explained as CS 
emerged in democratic political systems, while 
China is regarded as having a centralised political 
system (Ci 2019). Whether CS can develop well in 
SDG monitoring of such a country needs more evi-
dence, based on existing projects. Here, we study CS 
applications for SDG 6 (water and sanitation), one of 
five major earth challenges.

1.2 Water and citizen science

Water accounts for 71% of the earth’s area (USGS 
2019a), and is one of humans’ most valued 
resources, being linked to healthy lives and well- 
being (UNEP 2019). Water appears and exchanges 
in three forms (ice, groundwater and surface water), 
helping integrate living environments (lands, 
oceans, and atmosphere) into a system, known as 
the global water cycle (NGS 2019). This cycle can 
start from the sublimation of ice, the evaporation of 
surface water (e.g. oceans, rivers) or the transpira-
tion of plants (e.g. rainforests) (Schlesinger and 
Jasechko 2014). Then, it condenses in the air and 
drops with precipitation. Some are lost due to snow-
melt, some flow through the surface into water 
bodies as surface flows, some are back onto rain-
forests and some even seeps into the ground for the 
next cycle (Maser 2015). The large temporal varia-
bility of the water cycle means hydrological data 
collection and analyses typically rely on repeated 
measurements, such as long time series of hydrolo-
gical states.

These classic hydrometric practices are normally 
technologically complex and expensive in order to 
meet the specific needs of official monitoring networks 
(August 222,019 posting by Fox to UK Government 
Blog). Given this, there are two key opportunities pre-
sented by citizen science (CS), including greater fre-
quency of data from dispersed sources and the ability 
to address substantial knowledge/funding deficits 
(Haklay 2015). Several CS water-related initiatives 
along with crowdsourcing (a way to gather a large 
pool of people for some inputs, like data monitoring) 
have emerged worldwide (e.g. France, Australia) in 
different stages of the water cycle discussed below – 
we will follow the sequence of evaporation, precipita-
tion, water flow generation and movement.

Within the water cycle, evaporation is the first stage 
in which CS can take a part, specifically in vegetation 
dynamic monitoring. Vegetation dynamics have signif-
icant impacts on the distribution of hydrological fluxes 
and are usually observed through remote sensing 
technology along with field verification (e.g. vegeta-
tion types, vegetation spatiotemporal changes) 
(Gamon et al. 2019). The use of accessible technolo-
gies, such as geotagged photographs, can provide 
opportunities for non-experts’ involvement in local 
evaluation of remote sensing products 
(Schepaschenko et al. 2019). For example, the Catalan 
Data Cube is supplemented with a web map browser 
interface that supports the orientation and positioning 
of users (Domingo-Marimon et al. 2020). Users can see 
the coordinates and the species dominant in the spot.

Precipitation comes after evaporation. The tradi-
tional way of monitoring precipitation is rain gauge 
measurements (like disdrometers), which are very 
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sensitive to local aerodynamic conditions and non- 
standard locations (e.g. undergrowth) (Buytaert and 
Clark 2014). Any small change could require endlessly 
repeated adjustment on the instruments. Although 
new sensor technologies (e.g. tipping bucket switches) 
could achieve automatisation to avoid errors, observa-
tional networks are limited in less populated regions 
(Bardaji et al. 2016). Hence, CS offers opportunities. For 
instance, NetAtmo personal weather stations are 
widely distributed around the world to monitor atmo-
spheric conditions, including rainfall data. These smart 
devices are automatically linked with an online plat-
form – Netatmo, allowing the public to collect and 
visualise data from all operational stations (Vos De 
Lotte et al. 2017).

As the third stage of CS participation, water flow 
generation usually refers to movement on surface 
water (e.g. rivers, streams) or groundwater. For sur-
face water, generic methods for water flow estima-
tion are complex, normally based on indirect 
measurements (e.g. flow velocity, water level), sub-
sequently converted into volumetric flux (Muste and 
Lee 2013; Dobriyal et al. 2016). Additionally, mon-
itoring those indicators of water flows require 
extensive maintenance, further complicated by 
legal issues (e.g. regulation, property). 
Crowdsourcing could be a practical way to simplify 
those procedures and target streamflows timely. For 
example, CrowdWater, a free-downloadable app, 
developed by Spotteron (a CS app development 
company on behalf of the University of Zurich), 
helps collect hydrological information (e.g. soil 
moisture) from the streams users encounter 
(Kampf et al. 2018). Users only need to take water- 
level pictures for uploading to the app. When that 
person, or another user, returns to the site at 
a different time, they can determine the new 
water level by comparing the previous one of the 
picture (Strobl et al. 2019). No physical installations 
are needed for the measurements.

For groundwater, soil moisture is an area that CS 
could contribute to. Soil is a reservoir of groundwater 
flow from the water cycle. In situ measurements have 
been historically used as the main resource of soil 
moisture conditions (USGS 2019b). Due to the high 
spatial variability of local moisture, a huge number of 
stations would be necessary. However, the high costs 
related to installation, operation and maintenance of 
the sensors, as well as the limited accessibility of cer-
tain regions, make the setup of such a network unfea-
sible (Gruber et al. 2020). Hence, to sustainably 
manage soils over a large geographic scale, sophisti-
cated environmental monitoring infrastructure com-
bined with regular involvement from individuals is 
required (Marco 2011). The GROW Observatory is an 
example of a top-down project that organises a soil 
moisture citizen-based monitoring network. It sets out 

an observatory system to allow users to contribute in- 
situ data and validate soil moisture data from satellite 
information (Kovács et al. 2019).

In the water flow movement stage, water quality 
monitoring is a key task. Conventional ways depended 
on biologists investigating are usually for large water 
bodies (e.g. rivers, streams) instead of small ones (e.g. 
ponds, lakes). Although a single, small freshwater site 
may not appear significant, if many of them continue to 
be neglected, larger problems will emerge. Some 
research evidence (Bisung et al. 2015; Rufino et al. 
2018) states that even in degraded river catchments, 
small water bodies can still supply clean water refuges 
with small and isolated catchments that can stay rela-
tively pollution free. Differing from conventional ways, 
CS plays an important role in monitoring small water 
bodies with non-experts’ participation. Most CS water 
quality programmes collect data in the form of water 
samples (Rotman et al. 2012; Lowry and Fienen 2013), 
but others also involve in situ monitoring of parameters, 
like turbidity and nutrient concentrations or ecosystem 
health indicators (Stevens et al. 2013). For example, in 
China, the Institute of Public and Environmental Affairs 
(IPE) has developed a mobile app that allows citizens to 
identify and upload river images to distinguish whether 
they are black or smelly (Tone 2018).

2 Materials and methods

2.1 Study area

Water is critical for human and non-human life and is 
a key component in our systems of consumption and 
production. China is currently facing alarming water- 
related issues associated with its fast economic devel-
opment and climate change. Over 80% of rivers in 
China’s urban areas are severely polluted by municipal, 
industrial, household and even upstream agricultural 
sources (Lu et al. 2019; Zhang et al. 2020). Water pollu-
tion has become a particularly urgent environmental 
policy concern, which is increasing health risks, restrict-
ing the productive use of water, and further impairing 
nearby residents’ quality of life.

Recognising these problems, and the social and 
political unrest they can spark (Yang et al. 2018), the 
Chinese government has intensified recent policy 
efforts to remediate water pollution since 1979. More 
than 130 policies to address the deterioration of aqua-
tic environments and surface water quality (Zhang 
et al. 2020) have been launched. In the 12th Five-Year 
Plan (2010–2015), the Chinese central government 
incorporated environmental targets, including water 
pollution reduction goals into government officials’ 
performance evaluations (Weng et al. 2015). The 
State Council (in 2015) began a campaign to address 
‘foul and filthy’ water bodies under the Action Plan for 
Prevention and Control of Water Pollution (referred to 

INTERNATIONAL JOURNAL OF SUSTAINABLE DEVELOPMENT & WORLD ECOLOGY 3



as the ‘Water Ten Plan’), which aims to reduce ‘black 
and smelly’ waterways to less than 10% of all urban 
waters by 2020 and requires that any remaining 
impaired urban waters should be remediated by 2030 
(China Water Risk 2018).

Monitoring water-related indicators has become an 
important aspect in helping China achieve the above 
goals (Table 1). However, China’s top-down govern-
ance system is characterised as authoritarian environ-
mentalism (Khan and Chang 2018), meaning it 
predominantly uses command and control techniques 
to implement environmental policies. Such a system 
could lead to two gaps during goal achievement. One 
is implementation effect, which is reflected in official 
observations, remaining inconsistent and incomplete 
among cities (Howes et al. 2017). Due to competing 
incentives for economic growth and environmental 
goals, local jurisdictions face the failure possibilities 
when executing nationally-directed policies. 
Currently, data collection responsibilities are scattered 
across various departments and ministries, such as the 
Ministry of Ecology and Environment (MEE), the 
Ministry of Water Resources (MWR), which has 
increased the difficulty of regularly monitoring the 
entire water environment; The other gap is participa-
tion encouragement, where non-state actors and citi-
zens fail to adequately join in environmental 
governance (Khan and Chang 2018; Ci 2019). As of 
October 2018, real-time data for only 145 of the 972 
surface water monitoring stations, governed by the 
China Environmental Monitoring Centre Surface 
Water Quality monitoring system (the only national, 

comprehensive system for water pollution data) were 
available to the public (Briant Carant 2017; Liski et al. 
2019). More power from citizens is highly required.

2.2 Data sources

To identify as many CS projects as possible, particularly 
those projects from book chapters, programme web-
sites, and technical reports, and described in Chinese 
language only at the present, here we utilised a semi- 
systematic review through searching directly not only 
on Google (the largest search engine in the world), but 
also on Baidu (the largest search engine in China). The 
geographical area we focused on here is ‘China’, under 
the scientific field ‘SDG 6’ (consisting of water and 
sanitation), searching for the keywords ‘citizen 
science’, along with its synonyms, including ‘participa-
tory science’, ‘crowdsourcing’ in the English version via 
google and in the Chinese version (‘中国水或卫生相关 

的公民科学/公众参与/众包’) via Baidu. To eliminate 
irrelevant information as much as possible, both search 
engines were used with advanced search features.

To identify additional relevant projects, we also con-
ducted a backward reference search, examining and 
reviewing papers cited in the literature selected. This 
was done as those materials could help expand our 
data pool once projects were identified with the scope 
of focusing on CS in a hydrological context and that 
actively engaged members of the public in the scien-
tific research process. In this present work, the types of 
citizen involvement in which citizens contribute pas-
sively (e.g. participating in group discussions, 

Table 1. The latest performance of China’s SDG 6 indicators.
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completing questionnaires or local surveys) are 
beyond the CS boundary and were excluded. In total, 
19 projects related to citizen science-based hydrologi-
cal monitoring were identified (Figure 1).

2.3 Data analysis

We used and adjusted an open evaluation frame-
work to assess these citizen science (CS) projects as 
this can be applied to monitor progress during 
a project or when assessing impact at the end of 
a project (Kieslinger et al. 2018). Some of the pro-
jects we identified are still ongoing. Three core 
dimensions of evaluation emerged: (1) scientific 
dimension, (2) participant dimension and (3) socio- 
ecological and economic dimension. For each of 
these dimensions, evaluation indicators are pro-
posed at the ‘process and feasibility’ level as well 
as at the ‘outcome and impact’ level.

2.3.1 Scientific dimension

In this dimension, a clearly defined research question is 
the scientific basis of all future activities. Therefore, 
indicators at the ‘process and feasibility’ level should 
help check the scientific grounding of CS projects, 
which are: scientific objective(s), scientific question(s), 
and data measurement(s). Since CS’s data is collected 
by non-experts, to keep data quality as good as data 
acquired from experts, two other indicators are also 
covered: data validation and data transparency. On the 
other hand, at the ‘outcome and impact’ level, projects 
should be evaluated based on traditional academic 
purposes, in which the most outstanding one is genu-
ine scientific knowledge generation. Hence, indicators 
should focus on the types of output, that is, scientific 
publication(s), contribution(s) on SDG measurement 
and monitoring (at which level, target or indicator).

2.3.2 Participant dimension
Active engagement is the foundation of a project’s 
success. As such, in this dimension, at the process 
and feasibility level, engagement and communication 
strategies should be evaluated to see if participation 
and collaboration are facilitated, in which the indica-
tors are the number of participants, and interactive 
training support. In terms of ‘outcomes and potential 
impact’ part, personal learning and gains are key, 
showing in the number of levels of participant engage-
ment and the highest level of participant engagement.

2.3.3 Socio-ecological and economic dimension
Appropriate dissemination and outreach activities need 
to be considered at the ‘process and feasibility’ level to 
enhance the wider social, ecological and economic 
impacts of citizen science (CS) projects. Indicators are 
the types of stakeholders, and co-operation among sta-
keholders (e.g. entrepreneurs, social media, science com-
munication). At the ‘outcome and impact’ level, the wider 
societal impacts usually show in the aspects of increasing 
civic resilience, social cohesion and innovation. Since this 
paper values CS projects’ influence on SDGs, three indi-
cators are required, one is impacts on SDGs’ implementa-
tion, particularly on SDG 6, another is impacts on local 
citizens’ acknowledgement, the last one is impacts on 
local economic development (Figure 2).

3 Results

3.1 Geography, chronology, and water science 
fields

The geographical scales of 19 citizen science (CS) pro-
jects identified in the semi-systematic review comprise 
four types: national (11), regional (3) and local (5). 
Although there are 11 projects aimed at conducting 
research at the national level, the data currently col-
lected seems to come from specific areas. In China, four 
provinces/autonomous regions are the main active 

Figure 1. The flowchart of project review procedure.
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areas where more than one CS project has been con-
ducted. In descending order of the number of water- 
related CS projects involved, these are Hong Kong, 
Beijing, Guangzhou and Shanghai. Water quality mon-
itoring has become the most common type of CS 
project in China, covering a total of 11 projects. 
Furthermore, biodiversity-focused citizen science pro-
jects (including plant classification and bird monitor-
ing) show direct contributions to water-related 
ecosystems in addition to indirectly contributing to 
water quality evaluation (Table 2).

Aside from the Tsinghua Environment Monitoring 
Platform project, the remaining projects are ongoing 
and have been in progress for over 3 years. The earliest 
project (China Coastal Waterbird Census) started in 
2005 and is an indirect-contribution project on water 
bodies. More than 150 volunteers have taken part in 
local bird watching surveys since its start. Two water 
quality monitoring projects began in 2006: the Finless 
Porpoise Survey in the Yangtze and the Blue Map App. 
The former is a five-year investigation along the river 
and Poyang and Dongting lakes, being undertaken by 
the Ministry of Agriculture. The second is an applica-
tion developed by a non-profit organisation (Institute 
of Public and Environmental Affairs (IPE)) based in 
Beijing, to collect data about the quality of weather, 
air or water. It can be seen from Figure 3 that in the 
past 15 years, new CS projects have not appeared 
every year. And in the past two years (2019 and 
2020), no new projects have been launched.

The largest number of CS projects was seen in 2015, 
comprising two water quality monitoring projects 
(MyH20 and Tsinghua Environment Monitoring 
Platform) and one water-related ecosystem monitoring 
project (Sanjiangyuan Ecosystem Monitoring). That 
was also the year when the UN SDGs were launched, 
including SDG 6 (water and sanitation). Although there 
is no direct evidence to show direct causality between 

the SDGs and the projects being launched, it could be 
one reason for the rise of CS in China. The years with 
the second largest number of CS projects were 2006, 
2010 and 2016, in which two projects emerged 
per year. In 2006, two projects were the Finless por-
poise survey in the Yangtze and the Blue Map App, 
which have been introduced above; In 2010, two pro-
jects were Computing for Clean Water (C4CW) and The 
Public Participation Network of the Environmental 
Impact Assessment (EIA). The former one is an interna-
tional cooperation project between Tsinghua univer-
sity and Cyberscience and the latter one is hosted by 
an NGO organisation, which is Chongqing Liangjiang 
Voluntary Service Center. And in 2016, one project was 
Black and Smelly Waters App, hosted by Chinese gov-
ernment agencies. The other project was Monitour, 
a platform to track the water contamination pollutant 
(E-waste) in Hong Kong. Wuhan Ecological 
Environment Public Welfare Observer became the 
newest CS project hosted by the local government 
after the outbreak of COVID-19 in China.

3.2 Scientific dimension evaluation

All the projects have at least one scientific objective, 
with two having more (MyH20 and the Finless Porpoise 
Survey in the Yangtze). MyH20, can be regarded as 
a combination type of water monitoring project 
being both a project and an organisation. The project 
aims to build the national water information network 
based on crowdsourcing and the participatory citizen 
science method. Four tasks have been carried out 
around water: water quality monitoring, local educa-
tion, network community construction, and social 
practice (DIY services for college students around 
water). The programme undertaking the finless por-
poise survey in the Yangtze comprises multiple tasks, 
counting the number of finless porpoises in addition to 

Figure 2. The adjusted citizen science (CS) project evaluation framework.
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Table 2. The basic information of each selected citizen science project.
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a water quality study exploring the reasons behind 
finless porpoises’ change in numbers. In water quality 
projects, most are conducted around investigating the 
basic parameters related to general water quality con-
ditions through PackTest. Although two projects from 
Hong Kong are different, they share the same objective 
of monitoring a particular water-pollutant (e-waste) in 
Hong Kong. The biodiversity project here cannot 
directly use the data for one or more specific indicators 
of the surrounding water quality, the change of their 
distribution and number is able to reflect the bad or 
good conditions of the local water-related ecosystem, 
to some extent.

For scientific question(s), most CS projects at 
national or regional levels are trying to build an online 
platform to study the long-term water quality of bio-
diversity observation. A few local level projects focus 
only on the current status of a local community like the 
Inner Mongolia project (Solving Groundwater 
Contamination with Community Science), for which 
a local citizen scientist, Uchralt Otede, is responsible 
for testing the quality of water from a small well, 
because it was thought the well may have been pol-
luted from nearby industrial wastewater. Reviewing 
the existing data distribution and targets from each 
selected project, western China has been paid more 
attention than other regions. The reasons behind this 
could be the unequal distribution of China’s water 
resources, with western China facing the most severe 
problems, including water shortages and water 
contamination.

In terms of data types, there are two main ones. 
Data from most of China’s CS water-quality projects are 
numerical values of indicators, while two App devel-
opment projects (Black and Smelly Waters and The 

Blue Map) are different. Their data are collected as 
pictures, with the aim being to encourage users to 
report where they think water quality issues might 
exist, instead of testing water quality indicator data 
to prove which degree of quality of water bodies 
they are. Aside from local-level projects, the others 
are building data platforms to display what they have 
captured. Some have even built a global monitoring 
platform like Computing for Clean Water (C4CW), 
which is a scientific computation project launched by 
Chinese scientists in 2010, in collaboration with the 
Citizen Cyberscience Centre in Geneva. Another two 
projects are special as they focus on either public 
education (Chinese Water School) or awareness 
(China’s Water Safety Plan), rather than producing real- 
time testing water quality data. For those biodiversity 
observation projects, whether they are used for wildlife 
viewing or plant sampling, the instructions are very 
different, but they are usually recorded in the data 
inventory platform for long-term tracking.

In terms of data validation and transparency, the 
majority of projects, regardless of type, depend on 
repeated testing approaches to validate data. 
Computing for Clean Water (C4CW) has been the first 
project in China to achieve CS data validation through 
computing. Data transparency is relatively high for 
those projects carried out at the national/regional 
level with online platforms, where the data is easier 
for users to check because crowdsourcing is one of 
their most important methods for obtaining data. 
However, at local levels, especially those developed 
by local citizen scientists, it is difficult to access the 
data since they will not be published online unless 
direct contact is made with the project organisers. 
One project (China’s Water Safety Plan) uses social 

Figure 3. The emergence of new citizen science water-related projects (N = 19).
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media ‘Weibo’ to monitor public data from various 
Chinese government departments, then reports the 
results online, which can be seen as a passive way for 
requiring data transparency.

In terms of data contribution to the SDGs, although 
the projects are contributing to SDG 6, only MyH20 is 
explicitly aware of the relevance, and has included the 
contents of SDG 6 (especially indicator 6.3) within its 
project’s principles. Two other projects (Sanjiangyuan 
Ecosystem Monitoring and China Water School) do 
have awareness of their contribution to sustainable 
development. The remaining projects only have stated 
awareness of water or biodiversity protection. Since the 
SDGs and the 2030 Agenda are the universal global 
framework for sustainable development, more efforts 
are needed here, to guide further monitoring work 
with clear goals and strategies. Without such monitoring 
and strategic work, the result might be double the effort 
for half the result such as undertaking repetitive tasks to 
enrich the data (required in SDG reporting). However, 
the fact is until now, there isn’t any evidence that the 
information was actually used in SDG reporting.

3.3 Participant dimension evaluation

In terms of participant training, a key finding is that 
only a few projects provide training materials to the 
public who are undertaking the checking (Freshwater 
Watch, China Nature Watch Biodiversity Information 
Platform (CNW programme), MyH20 and Wuhan 
Ecological Environment Public Welfare Observer); the 
other projects give little information in this aspect. For 
example, E-waste in Hong Kong and Sanjiangyuan eco- 
system monitoring, do not depend on participants 
simply uploading site photos to report, instead, they 
need participants to be able to use instruments to test 
indicators. It seems like that they rely on the people 
engaging already having relevant skills. Furthermore, 
‘China’s Water Safety Plan’ aims to encourage citizens 
to report water issues to social media, in which parti-
cipants do not need to have specific training. 
Additionally, the ‘Chinese Water School’ project 
focuses on water education, so courses may be 
regarded as training materials, not for individuals but 
more from the general scope.

In terms of participants’ scale, projects at national 
levels normally have over 100 participants joining, 
aside from ‘The Public Participation Network of the 
Environmental Impact Assessment (EIA)’ which lacks 
data in this aspect, so the accurate number of partici-
pants has not been obtained. At the regional level, the 
CNW programme has the largest number of partici-
pants, while for other projects, the number of partici-
pants is under 100. For Sanjiangyuan Eco-system 
Monitoring related participant number data could not 
be found from present materials but considering the 
project’s scale, it is expected to include around 50 

participants. For projects at local levels, Xiangjiang 
Watcher has involved over 26,000 volunteers to parti-
cipate in water quality monitoring and Monitour has 
shown that there are 200 trackers in its platform’s map. 
None of the remaining projects provide relevant infor-
mation on participant numbers, and the relevant con-
veners needs to be contacted to obtain such details.

In most projects, according to the standard citizen 
science participation classification, participatory 
science becomes the highest level. MyH2O covers all 
levels of participant engagement (including crowd-
sourcing, distributed intelligence and participatory 
science), which could be a good model for other simi-
lar projects. Another project, China Water School, has 
potential to meet four levels of participant engage-
ment, as it puts forward initiatives to educate students 
and carry out community activities throughout the 
Yangtze River basin, making them active participants 
in sustainable water management for further opportu-
nities. For projects that need participants to report site 
geospatial or graphic information on water quality or 
biodiversity on water-related ecosystems, crowdsour-
cing is the most common type of participant engage-
ment, as with Chinese Field Herbarium and Tsinghua’s 
experiment. However, with projects requiring real-time 
indicator data of water bodies, distributed intelligence 
is the most common form of participant engagement 
(e.g. Sanjiangyuan ecosystem monitoring).

3.4 Socio-ecological and economic dimension

Most of the projects have been launched by organisa-
tions including NGOs and academic institutions. The 
Chinese government is involved in a few projects: 
Sanjiangyuan Ecosystem Monitoring, Finless Porpoise 
Survey in the Yangtze, CNW programme, Black and 
Smelly Waters App, Wuhan Ecological Environment 
Public Welfare Observer and Xiangjiang Watcher. The 
first five projects are led by the government, but in the 
last the government only has a supporting role. 
Xiangjiang Watcher, launched by Green Hunan, aims 
to fill a critical gap in preserving the Xiang River 
through environmental education, advocacy, and an 
extensive riverkeeper network that monitors pollution 
levels. Multiple stakeholders join each project, which is 
very different from the ‘Solving Groundwater 
Contamination with Community Science’ project as 
the latter is a personally initiated project for which 
local people help by participating in a survey. 
Funding for these projects mainly comes from the 
sponsoring organisation itself or a foundation; a small 
amount comes from the government or enterprises. 
The Beijing local government and central government 
departments of environment/agriculture have become 
the major leaders in these projects. HSBC is the top 
company that supports the largest number of projects 
in the field of water science for citizens in China, 
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covering the Finless Porpoise Survey in the Yangtze 
and Freshwater Watch. The latter has been launched 
by the EarthWatch Institute, which involves citizens in 
investigating the health of the world’s freshwater 
ecosystems.

The core impact of all the selected projects is to raise 
local people’s knowledge about water. However, pro-
jects differ in terms of their publicity because some have 
support from the government or institutions and can 
access official social media and new audiences, thereby 
making these projects more well-known and having 
a larger influence than projects hosted by local NGOs 
or NPOs. Thus, the most well-known projects are usually 
government-led ones, as mainstream official media will 
help in reporting and publicising. Furthermore, projects 
which require participants to contribute data through 
crowdsourcing can also increase awareness of the pro-
ject while collecting data. The Black and Smelly Waters 
App is one such example, which was launched by 
China’s environment and housing ministries, reporting 
‘black and smelly’ bodies of water and helping to bring 
awareness about overlooked sites of urban water pollu-
tion. Once water bodies are reported, government 
agencies will follow up on the issues within seven work-
ing days and users can track the progress of remediation 
efforts via the App.

Social platforms from other channels have also been 
used in different projects to increase awareness. Weibo 
and WeChat have become the most popular ones. For 
example, The Tsinghua Environment Monitoring 
Platform, developed a WeChat application named 
TEMP, enabling registered users to submit their 
descriptions and photos of rivers or lakes anon-
ymously, or with their identity disclosed, with the auto-
matically extracted GPS information of the sites from 
their mobile devices. Aside from those government- 
controlled projects, it is difficult for other projects to 
have a short-term impact from a policy perspective. 
However, one project, ‘China’s Water Safety Plan’ 
seems to have the potential to attract the attention 
of the relevant government agency quicker than 
others, as it uses Weibo for water issue reporting 
through publishing news using ‘@’ the corresponding 
government agency and waits for their response. The 
whole process is open and transparent, and anyone 
who uses Weibo can join the monitoring.

Similar results are seen in the impact of economic 
development, and all projects aim to carry out envir-
onmental governance. Projects are unlikely to bring 
direct economic benefits in the short term, aside from 
MyH2O, but measures have been taken to reduce the 
economic losses caused by water pollution. MyH2O, 
mainly focuses on drinking water and will help local 
communities to install water purifiers and build regular 
monitoring and maintenance systems. Clean drinking 
water may bring direct economic benefits, like increas-
ing the income of the drinking fountain industry.

4 Discussion

A robust citizen science (CS) project must function well 
in at least two analysed dimensions simultaneously, as 
the results of this paper showed: scientific, participant, 
or socio-ecological and economic dimension. The 
major reason to mark this comment here is because 
for every CS monitoring research, the first principle is 
to be able to perform effectively for a long time. It is 
likely that the project will be interrupted due to man-
power or other reasons (Robinson et al. 2018). The 
existence of CS in China is mainly dependent on non- 
governmental organisations and academic institutions. 
Only four projects were invested by national or local 
governments, most of which focused on biodiversity 
and supplemented by water quality surveys. Efforts to 
further apply CS, in a better way that fits with China’s 
political context, when seeking to address environ-
mental data gaps, improve public awareness and 
even stimulate economic development will face three 
key questions, each corresponding to each dimension, 
as discussed in the following sections.

4.1 Scientific: acceptance of citizen science data

In the scientific dimension, data has been treated as 
a significant aspect to evaluate the output and impact 
of each citizen science (CS) project. Since the emer-
gence of this field, the acceptance of citizen scientific 
data has been discussed at length. In China, according 
to the results in this paper, those projects’ data have 
not been reconciled and/or integrated into official 
data thoroughly. Instead, such data has normally 
been used as the data of NGOs that carry out public 
welfare investigation activities or the verification data 
of the scientific community. The role of CS used by the 
government is at its initial stage. The main function of 
such data used in the government supervision sys-
tem, displayed via local government monitoring plat-
forms, is to make them perceive that they may have 
a say in decision-making. However, the entire process 
from public reporting to government processing 
usually takes a substantial time. How CS data sources 
might be reconciled and/or integrated into real and 
in-time action faces two challenges: (1) government 
agencies with overlapping missions; (2) citizen 
science initiatives whose findings may challenge or 
diverge from official results.

4.2 Participant: expansion of citizen science 
projects

According to the project evaluation results on the 
participation dimension, except for the normal opera-
tion and steady growth of government-supported pro-
jects, the development speed of other projects is 
relatively slow. The two main reasons behind this are 
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the lack of stable funds in addition to issues on man-
agement and resource integration among relevant 
organisations.

In respect of funding, many projects, especially 
those led by NGOs or non-profit (NPO) organisations, 
mostly rely on certain charitable foundations. 
However, foundations’ funds also depend on dona-
tions from various channels. In recent years, corporate 
social responsibility (CSR) has attracted the attention of 
the Chinese government and society, meaning obtain-
ing funds from companies may be a promising option. 
Freshwater Watch and MyH2O provide good examples 
in terms of cooperation with companies. The former, 
for which the EarthWatch Institute is responsible, has 
been working with HSBC in water programmes for 
more than 5 years. As a local organisation in China, 
MyH2O cooperates to establish a sustainable water 
recycling plant for L’Oréal’s cosmetics production, 
thereby obtaining funds from L’Oréal. Generally, if citi-
zen science organisations hope to obtain funding from 
companies, it is advantageous to understand their CSR 
and provide technical or strategic guidance to make 
them achievable.

For organisation management and resource inte-
gration, the ‘central-local divide’ between the Chinese 
central government and regional and provincial levels 
of government is one of the challenges facing environ-
mental management and monitoring within the gov-
ernment. Although citizen science (CS) related 
organisations are registered and their data published 
at the national level, they and their data are monitored 
by local governments. As CS initiatives continue to 
grow, particularly for those projects set at national 
level aiming to build complete and comprehensive 
datasets, enabling local projects to tailor initiatives to 
their surroundings will be critical. Additionally, as the 
speed of economic and social development differs 
between places, local governments and related orga-
nisations have varying degrees of support and impor-
tance in this regard. For organisations that come from 
different regions but have the same purpose (e.g. 
water quality), when they collect data via citizen 
science, ensuring the same data quality and prevent-
ing the additional fragmentation of environmental 
monitoring also needs a solution, since real-time mon-
itoring of data will have different standards depending 
on areas. Although groups from specific organizations 
shared some experiences, there is no conclusive evi-
dence that they replicated CS activities in different 
locations. Given these, integrating existing organisa-
tional resources to form a robust science popularisa-
tion and management system may be able to solve the 
problem of rapid expansion of public participation in 
various projects.

Currently, in mainland China, there is no such sys-
tem, no such leader association, but in Hong Kong, 
there is one, named CitizenScienceAsia. This is a new 

network, in the context of China, whereby people 
collect data to understand the environment, to collect 
evidence and protect rights, and for pure curiosity. 
However, considering the ‘one country, two systems’ 
policy system, the exchanges between mainland orga-
nizations and Hong Kong are not particularly frequent 
and close. In addition, the mainland adopts its own 
management method for NGOs, which will not be as 
open and free from government control as in 
Hong Kong, because in mainland China the number 
of civil organizations is strictly controlled. Therefore, 
starting from the Chinese mainland, the emergence of 
such a Chinese Citizen Science Alliance or manage-
ment organization, preferably in the form of 
a university-led form, could make it easier to obtain 
support from the government and various industries to 
improve efficiency.

4.3 Socio-ecological and economic: establishment 
of citizen science credibility

The impact of citizen science may occur in policies, 
local communities, and economic development. 
Whether it can gain more recognition in a top-down 
policy system like China depends on the government. 
As a new data initiative and collection model, it 
requires a major change in China’s centralised author-
ization of ‘official’ data. For example, the ‘China 
Statistics Law’ stipulates that it is illegal for anyone to 
collect data except those who have been sanctioned 
by the government. Based on current observations on 
selected projects, half of these projects are contributed 
to by citizen scientists as crowdsourcing and/or dis-
tributed intelligence. The rest is contributed to by 
citizen scientists as participating sciences. Information 
and communication technology (ICT), as the main tool 
to empower citizens and enhance access to informa-
tion, participation and empowerment, could reduce 
the accountability gap between government and citi-
zens (Yakobi et al. 2020). Nevertheless, using such 
technology to collect relevant data in the name of 
the organisation without violating laws and regula-
tions requires solutions.

The Black and Smelly Waters App is a fine example of 
‘downwards accountability’ (Hsu et al. 2020). Citizens 
collectively hold service providers accountable using 
visible public concern or other communication tactics. 
Such ‘naming and shaming’ tactics raise the political 
cost of inaction, incentivizing managers to respond to 
avoid reputational costs. However, this is a government- 
controlled situation. For those projects hosted by NGOs, 
when generating and disseminating data, it remains to 
be seen whether the government will modify this reg-
ulation to decide to approve key citizen science(CS) 
programs, or choose a different response. From the 
perspective of CS, which work is most suitable to 
prompt the government to conduct further 
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investigations or provide more data on environmental 
challenges, and which program(s) should be included in 
official channels requires consideration. Furthermore, 
how CS programs distinguish between real data gaps 
and political will not to monitor or share information is 
another issue to be further discussed and negotiated.

Conclusion

Within the framework of the UN sustainable develop-
ment goals (SDGs), citizen science (CS), as an innovative 
field, is increasingly recognised by Western countries as 
a suitable approach to monitor the SDGs indicators. In 
this paper, we have shown that China, despite its differ-
ent political system compared to those in the West, also 
has the potential of utilising CS within the context of the 
SDGs. Water resources have always played an important 
part in determining not only where people can live, but 
also their quality of life (Water Encyclopedia 2006). Five 
water-related aspects have now shown how CS could 
make contributions, in the terms of vegetation 
dynamics, precipitation, water flow, soil moisture and 
water quality. This study has examined 19 projects in 
China, 11 of which are about water quality, and the 
remainder could be seen to have indirect contributions 
to water science, albeit on water-related ecosystems.

The CS projects about water quality have various 
aims, including regular water quality monitoring, 
water pollution reporting, water education, and public 
supervision of government water treatment. Some pro-
jects, such as China’s water safety plan, are jointly 
initiated by media members, environmental protection, 
and legal circles. They operate as temporary, proof-of- 
concept projects aimed at sparking longer-term discus-
sions around environmental data. Several projects focus 
primarily on establishing national databases, to 
improve water quality (Freshwater Watch, Black and 
Smelly Water App), or to inform biodiversity manage-
ment and protection (Chinese Field Herbarium). Others, 
particularly the Xiangjiang Watcher, Sanjiangyuan 
Ecosystem Monitoring and China Nature Watch 
Biodiversity Information Platform are building frame-
works for durable regional monitoring networks.

These phenomena and analysis results show that CS 
is suitable for use in China, especially when noticing that 
most of the current projects are well maintained. More 
importantly, the Chinese government has supported 
activities like Blue Map and allowed citizens to report 
water issues, in particular via online platforms. 
Nevertheless, the problem is that the understanding of 
the role of citizen science has not been fully developed 
in China. It is encouraging to see that academic institu-
tions or universities have offered such courses/pro-
grams to systematically develop the capacity in this 
area. Present activities skip this step of generic educa-
tion, instead tending to use the term citizen science 
without any explanation of its meaning, to encourage 

participant involvement. As a new discipline, CS has the 
potential application to promote SDGs in China, espe-
cially for Goal 6. Of all the projects examined, MyH2 

O may become a role model and a knowledge pioneer 
in the future as it operates quite well simultaneously 
among three dimensions. And the three most outstand-
ing points from the MyH2O case are training materials 
(online workshop, local training), cooperation with mul-
tiple stakeholders (schools, companies and local com-
munities) and explicit support for SDG 6.

The COVID-19 pandemic may inspire people to 
accelerate the implementation of green development 
models and SDGs in China. This can be seen in the 
commitment made by the Chinese government at the 
UN General Assembly in September 2020, that is, 
China will increase the speed of its nationally deter-
mined contributions, adopt stronger policies and 
measures, for peaking carbon dioxide emissions 
before 2030, and endeavouring by 2060, to achieve 
carbon neutrality. Therefore, how to use CS 
approaches to scientifically implement SDGs, espe-
cially when considering that private data collection 
is illegal without violating Chinese laws and regula-
tions, and encourage more stakeholders, especially 
universities and enterprises to join, is worthy of atten-
tion and further discussion.
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