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Citizen science aims to mobilise the general public, motivated by curiosity, to collect
scientific data and contribute to the advancement of scientific knowledge. In this article,
we describe a citizen science network that has been developed to assess the water
quality in a 100 km long tropical lake-estuarine system (Vembanad Lake), which directly
or indirectly influences the livelihood of around 1.6 million people. Deterioration of water
quality in the lake has resulted in frequent outbreaks of water-associated diseases,
leading to morbidity and occasionally, to mortality. Water colour and clarity are easily
measurable and can be used to study water quality. Continuous observations on relevant
spatial and temporal scales can be used to generate maps of water colour and clarity
for identifying areas that are turbid or eutrophic. A network of citizen scientists was
established with the support of students from 16 colleges affiliated with three universities
of Kerala (India) and research institutions, and stakeholders such as houseboat owners,
non-government organisations (NGOs), regular commuters, inland fishermen, and others
residing in the vicinity of Vembanad Lake and keen to contribute. Mini Secchi disks,
with Forel-Ule colour scale stickers, were used to measure the colour and clarity of the
water. A mobile application, named “TurbAqua,” was developed for easy transmission
of data in near-real time. In-situ data from scientists were used to check the quality of
a subset of the citizen observations. We highlight the major economic benefits from
the citizen network, with stakeholders voluntarily monitoring water quality in the lake
at low cost, and the increased potential for sustainable monitoring in the long term.
The data can be used to validate satellite products of water quality and can provide
scientific information on natural or anthropogenic events impacting the lake. Citizens
provided with scientific tools can make their own judgement on the quality of water that
they use, helping toward Sustainable Development Goal 6 of clean water. The study
highlights potential for world-wide application of similar citizen-science initiatives, using
simple tools for generating long-term time series data sets, which may also help monitor
climate change.
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plot showing absorption properties of Vembanad Lake.

FIGURE 8 | (A) Percentage contribution of FU colour codes obtained from citizen science data (colour code and percentage are given in each division). (B) Ternary

outliers (N = 394). Relation became statistically significant (o < 0.05) after removal of outliers.

FIGURE 9 | Correlation between FU index and Secchi depth obtained using the MSD. (A) Using the entire data collected by citizens (N = 643). (B) After removing

TABLE 3 | Comparison of the relevant variables and cost associated with data collection using 3DMSD by citizens and scientists.

Group Training Participants Equipment Locations sampled Expenditure (INR) Cost per data point (INR)
Citizens Before data collection 328 3DMSD 735 2.11 lakhs 287
Scientists Already trained 12 3DMSD + CTD 147 13.9 lakhs 9,456

as Vibrio cholerae that cause water-borne diseases impacting the it difficult for monitoring. In light of this, the citizen science
health of the population (Sathyendranath et al., 2020). Water  network was established to operationalise monitoring of water
quality determines its suitability for human consumption and  quality, specifically the water clarity and colour. Water clarity is
the ecological status of the water body. The elongated and  controlled by the scattering and absorption of light by particulate
indented shape of the lake with its narrow channels makes  dissolved matter in the water, including phytoplankton, dissolved
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and suspended organic and inorganic matter, and by pure water
itself. The simplest way of measuring it is by using the Secchi
disk. The change in water colour with the concentrations of
these optically-active substances can be obtained using the FU
scale. Sensors on satellites and in-situ sampling devices are used
for estimation of water clarity and colour. Multispectral Imager
(MSI) on two Sentinel-2 satellites used to determine seasonal
variation in the colour of water of 170 Italian lakes in 2017
showed that while 13 lakes moved from blue to yellow, indicating
reduction in water clarity, another 16 lakes showed transitions
in the opposite direction, from green to blue or from yellow
to green, suggesting improved water clarity from spring to late
summer (Giardino et al., 2019). Li et al. (2016) based on the
study of the largest 10 lakes in China in 2000-2012 are of
the view that the relations of FU index with water clarity and
trophic state are not accurate, as the FU index reflects both
Secchi depth and chl-a, which are important input parameters in
trophic state assessment models. A rough classification of water
body into oligotrophic, mesotrophic, and eutrophic is the only
possibility. Comparative evaluation of three sensor-based models
from Landsat ETM+-VNIR data and two smartphone apps—
EyeOnWater and HydroColor—to predict the water quality of
Kesses Dam in Kenya showed that the estimation of turbidity
from the EyeOnWater app, which is based on the FUI-XYZ
colour space, was marginally lower than from the HydroColor
app which uses the RGB colour space, possibly due to the
error contribution by the x-chromaticity coordinate conversion
process (Ouma et al., 2018).

The measurements on Secchi depth and FU index obtained
with the help of crowd sourcing are used in REVIVAL project to
validate the satellite-derived water colour and turbidity (Van der
Woerd and Wernand, 2015) which we employ as an innovative
pathway to monitor water quality.

When scientists monitor the lake, there are limitations to
the number of data points that can be procured by deploying
the small number of trained manpower available, but when
citizens are involved, there is scope to procure more data. The
difference in the number of data points recorded in the REVIVAL
project by scientists and citizens testifies to this. Figures 6A, 7A
show the accuracy of Secchi depth data collected by citizens in
comparison with those collected by scientists. The initial training
that was provided to the college students and stakeholders have
helped in achieving this success rate. Capdevila et al. (2020)
also are of the view that “knowledge and experience on data
gathering,” which comes from initial training prior to data
collection and feedback after collection, definitely improves the
quality of the data collected. We have also provided feedback
and follow-up to rectify the practical difficulties faced by the
citizens during initial stages of data collection. However, it
was found that the training as well as the follow-ups provided
did not meet the required standard as far as the FU indices
were concerned. FU colour index recorded by the University
students as well as stakeholders had many mismatches with the
corresponding Secchi depths. As noted by Weeser et al. (2018)
in Kenya, the educational background of the citizens had no
impact on the quality of the data collected with regard to this
variable. The difference in the FU indices recorded by both

citizens and scientists (Figure 6B) and the lack of significant
correlation between Secchi depth and FU colour code derived
using the entire data (N = 643) received in the server (Figure 9A)
prove this. Significant relationship was obtained between Secchi
depth and FU index only after the removal of outliers (N =
394). But, Chase and Levine (2017) disagree with us and are
of the opinion that highly educated volunteers enhance the
output of a project.

Motivation is an important factor influencing the continued
participation of a person in a citizen science project. Maintaining
enthusiasm of participants over long periods is particularly
challenging (Bear, 2016). To combat this challenge, we selected
University students for the first phase of our citizen science
programme. The advantage is that new participants are added to
the network every year as the student population turns over, and
the average number of participants does not decline. Our strategy
matches the view of Thiel et al. (2014) wherein they state that
greater understanding of the scientific processes, development
of a skill base and social commitment act as motivators. For
students, it is a chance to understand the environment and
contribute to scientific research for its conservation (Domroese
and Johnson, 2017). Further, the data will help to monitor
unusual and long-term changes in water quality and validate
satellite data which provide a synoptic view of the study
area. In addition, as pointed out by Bonney et al. (2009),
we also realised that engaging with academic institutions
provide a way for collaboration, improving the reach of the
activity and easy communication about the areas and frequency
of measurements.

The success of the activity depends on how it influences the
outcome of the projects of which citizen science is a part. To
maintain data quality, statistical comparison of results reported
by citizen scientists with those by scientists is desirable as a
means of data validation (Thiel et al., 2014; Earp et al., 2018).
The citizen science data being collected using a simple equipment
is prone to human errors. Our study showed that the Secchi
depth data collected by citizens were comparable to that collected
by scientists. Step by step instructions given to the citizens on
how to measure the Secchi depth helped ensure data quality.
Reviews also have shown that data collected by citizen scientists
can meet, or surpass, accepted quality standards, or be used to
detect important ecological trends (Cox et al., 2012; Forrester
et al,, 2015; Kosmala et al., 2016; Schléppy et al., 2017). However,
the wide variation in the FU colour index measured by the
citizens is a matter of concern. In our study, the citizen reports
a FU colour code, supported by a photo taken using his/her
smartphone camera. It was found that in ~40% cases, the code
reported by the citizen and the photo were different. Significant
filtration was needed to obtain data points which really fulfilled
the scientific criteria for a research study (Figure 9B). In a similar
citizen science project using FU index to measure water colour
of Australian inland waters, Malthus et al. (2020) have reported
difference of more than 2 FUI units between the observer data
and the photo-based colour code in only 3% of the cases.
Therefore, the reason for the larger bias in our case needs to
be investigated. Further, we have only 17 months data from
August 2019 to December 2020, out of which many months had
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<50 data points. This scanty data are insufficient to make any
inference on the temporal fluctuations in water quality of the
dynamic lake system, which is a limitation of the paper. In our
experimental design, the photograph of the water along with the
FU colour index provides another avenue for testing the quality
of the colour scale reported by the citizen scientists. In the next
step of the project, we plan to undertake a detailed comparison
of the two, to establish deviations between the two, and propose
improvements to the protocol, as needed.

Cost effectiveness of the citizen science activity (Table 3)
shows that citizen science data has been acquired at virtually
no cost, in comparison with the samplings conducted by
scientists. This reiterates the need and relevance of citizen science
programmes for regions where funding for scientific monitoring
is low. Before the advent of citizen science, building a monitoring
infrastructure and collecting time series data required a colossal
pool of capital. The value of citizen science in meeting the
objectives at a lower cost is well-recognised, with the European
Commission dedicating several million euros to initiate citizen
science work, through projects such as Citclops (Ceccaroni
et al., 2020). Data collection in an aquatic environment is often
tiresome and expensive. Modelled and satellite remote sensing
data validated for time and space can supplement observational
gaps in assessing water quality in aquatic environment (George,
2014). But in-situ observations are often insufficient to meet the
scientific requirement for the validation processes also. Citizen
science data carves out a separate niche for such observational
lacunae in in-situ experiments which seems to be cost effective
and feasible.

The model that is worth reproducing in this arena is the
global citizen science network “eBird.” The provision of mobile
application to enter information regarding birds has led to an
exponential growth in citizen participation, leading to over 1
million observations of birds in India alone. But as correctly
stated by Capdevila et al. (2020), water quality is an invisible
subject, calling for specific equipment whose handling can be
particularly challenging. Nevertheless, water is fundamental for
life and has enormous impacts on health and well-being of the
people. Therefore, monitoring the quality of the waterbody in
your backyard and rejuvenating it oneself can be the biggest
motivation for citizens to take up this programme and expand
the network. Our experience shows that citizen science has
a strong potential to address the lacunas in water quality
research and address the SDG indicator 6.3.2 (UN Water, 2018).
Encouraged by the success of the first phase of citizen science
programme, we have taken steps to diversify the citizen science
activities. Another mobile application on sanitation, “CLEANSE”
is in the experimental stage. Step by step improvements in
the reliability and utility of the apps, further studies including
seasonal observations, calibration, and validation in different
geographically homogeneous case studies using satellite sensor-
derived water quality parameters are being conducted. Expertise
of global scientists working in the field of water quality and
human health is also being explored with the establishment of an
open network called “ONWARD.” As an imminent outcome, we
could provide a scientific correspondence to an anthropogenic
event that occurred in the lake as a follow-up to this study

(Menon et al., 2021). Further, our researchers in the team could
come up with possible links which can be utilised for using such
time-series datasets for identifying environmental reservoirs of
cholera in a tropical lacustrine system such as the lake Vembanad
(Racault et al., 2019; Anas et al., 2021).

To conclude, the quality of Vembanad Lake water is under
pressure and a dedicated monitoring effort is needed to evaluate
changes and detect rapid changes. A strong and constructive
association of citizen science is required for further deliberations
with support from the localities especially youngsters who are the
backbone of the society. Working hand in hand with scientists,
our network of citizens can help revive Vembanad Lake and
potentially expand to a global network.
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