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New technologies: friend or foe?"
"

Risks"

•  Financial, social, and financial barriers;"

•  monopolization by the better educated or connected;"

•  widening the knowledge gap;"

•  bypassing the poor."



New technologies: friend or foe?"

Opportunities"

•  Increasing adoption of 
technologies by the poor"

•  Need for evidence-based 
decision-making"

•  Facilitating the involvement 
of marginalized 
communities"

•  Increased openness and 
transparency"

 



Adaptive governance of ESS (Mountain-EVO)"
"

•  Participatory data collection"

•  Interactive models of information exchange & knowledge 
generation 

•  Citizen science"

•  Environmental virtual observatories"



REVIEW ARTICLE
published: 22 October 2014

doi: 10.3389/feart.2014.00026

Citizen science in hydrology and water resources:
opportunities for knowledge generation, ecosystem service
management, and sustainable development
Wouter Buytaert1,2,3*, Zed Zulkafli1,4, Sam Grainger1,2, Luis Acosta5, Tilashwork C. Alemie1,6,
Johan Bastiaensen7, Bert De Bièvre5, Jagat Bhusal8, Julian Clark9, Art Dewulf10, Marc Foggin11,
David M. Hannah9, Christian Hergarten11, Aiganysh Isaeva11, Timothy Karpouzoglou10,
Bhopal Pandeya1, Deepak Paudel8, Keshav Sharma8, Tammo Steenhuis6,12, Seifu Tilahun6,12,
Gert Van Hecken7 and Munavar Zhumanova11

1 Department of Civil and Environmental Engineering, Imperial College London, London, UK
2 Grantham Institute for Climate Change and the Environment, Imperial College London, London, UK
3 Departamento de Ingeniería Civil y Ambiental, Escuela Politécnica Nacional, Quito, Ecuador
4 Department of Civil Engineering, Universiti Putra Malaysia, Serdang, Malaysia
5 Consortium for the Sustainable Development of the Andean Ecoregion (CONDESAN), Lima, Peru
6 School of Civil and Water Resources Engineering, Institute of Technology, Bahir Dar University, Bahir Dar, Ethiopia
7 Institute of Development Policy and Management, University of Antwerp, Antwerp, Belgium
8 Society of Hydrologists and Meteorologists (SOHAM Nepal), Kathmandu, Nepal
9 School of Geography, Earth and Environmental Sciences, University of Birmingham, Birmingham, UK
10 Public Administration and Policy Group, Wageningen University, Wageningen, Netherlands
11 Mountain Societies Research Institute, University of Central Asia, Bishkek, Kyrgyzstan
12 Department of Biological and Environmental Engineering, Cornell University, Ithaca, NY, USA

Edited by:
Rolf Hut, Delft University of
Technology, Netherlands

Reviewed by:
Guy Jean-Pierre Schumann,
University of California Los Angeles,
USA
Luciano Raso, Institut National de
Recherche en Sciences et
Technologies pour l’Environnement
et l’Agriculture (IRSTEA), France
Maurits Ertsen, Delft University,
Netherlands

*Correspondence:
Wouter Buytaert, Department of
Civil and Environmental Engineering,
Imperial College London, Skempton
Building, South Kensington Campus,
London SW7 2AZ, UK
e-mail: w.buytaert@imperial.ac.uk

The participation of the general public in the research design, data collection and
interpretation process together with scientists is often referred to as citizen science.
While citizen science itself has existed since the start of scientific practice, developments
in sensing technology, data processing and visualization, and communication of ideas
and results, are creating a wide range of new opportunities for public participation in
scientific research. This paper reviews the state of citizen science in a hydrological context
and explores the potential of citizen science to complement more traditional ways of
scientific data collection and knowledge generation for hydrological sciences and water
resources management. Although hydrological data collection often involves advanced
technology, the advent of robust, cheap, and low-maintenance sensing equipment
provides unprecedented opportunities for data collection in a citizen science context.
These data have a significant potential to create new hydrological knowledge, especially
in relation to the characterization of process heterogeneity, remote regions, and human
impacts on the water cycle. However, the nature and quality of data collected in citizen
science experiments is potentially very different from those of traditional monitoring
networks. This poses challenges in terms of their processing, interpretation, and use,
especially with regard to assimilation of traditional knowledge, the quantification of
uncertainties, and their role in decision support. It also requires care in designing citizen
science projects such that the generated data complement optimally other available
knowledge. Lastly, using 4 case studies from remote mountain regions we reflect on the
challenges and opportunities in the integration of hydrologically-oriented citizen science
in water resources management, the role of scientific knowledge in the decision-making
process, and the potential contestation to established community institutions posed by
co-generation of new knowledge.

Keywords: citizen science, hydrological sensing, co-generation of knowledge, water resources management,
poly-centric governance

1. INTRODUCTION
Citizen science refers to the participation of the general pub-
lic (i.e., non-scientists) in the generation of new scientific
knowledge. A large variety of approaches exist, ranging from
community-based data collection, to soliciting contributions,

to carrying out various scientific tasks with the help of large
groups of people through use of the internet (i.e., crowd-sourcing,
Dickinson et al., 2012).

New developments in sensing technology (e.g., Hart and
Martinez, 2006), data processing and analysis, and knowledge

www.frontiersin.org October 2014 | Volume 2 | Article 26 | 1

EARTH SCIENCE



Monitoring in a participatory context"
"

•  Lower quality requirements"

•  Lower reliability requirements"

•  Strength in numbers"

•  Ease-of-use important"

•  Short duration (first data most valuable)"

->!A very different data collection paradigm 
compared to “classic” science"



Example: the arduino platform"

"

•  Cheap (25 - 100£)"

•  Open source"

•  Modular"

•  Flexible"

•  “Sufficiently” robust"

•  “Cloud enabled”, e.g. Xbee"



•  Tipping bucket rain gauge "

•  The Arduino stores the time 
of each tip"

•  The SMS contains the time 
of each tip within a given 
interval (30 mins, say)" • Local server 

• 00:26:20 01 01 2014 
• 00:27:25 01 01 2014 
• 00:28:32 01 01 2014 

The arduino rain gauge"



Web enablement"
"
"
"
"
"
"
"



Introduction 
 

 

 

 
 

Web-based interfaces"



http://52north.org/communities/sensorweb/clients/SensorWebClient/ 



Mobile phones"
"

-  Increasing adoption"

-  Interactive user"
! experiences"

"
-  2-way communication"

-  Potential for knowledge 
co-generation"

-  Extension"
"

"
"
"
"
"
"
"
"
"

NATUREJOBS For the latest career 
listings and advice www.naturejobs.com

EUROPEAN UNION Proposed law would make 
researchers more mobile p.261

SEQUESTRATION Slashed budgets may put 
non-tenured US researchers at risk p.261

B Y  T R I S H A  G U R A

Equipped with smartphones, computers 
and do-it-yourself sampling kits, lay 
volunteers are tweeting about snow-

fall, questing for comets and measuring the 
microbes in their guts. They are part of a 
growing group of ‘citizen scientists’, networks 
of non-scientists who help to analyse or col-
lect data as part of a researcher-led project. 
They learn about science and get a chance to 
participate, but the scientists involved stand to 
gain too. “There is huge amount of spare atten-
tion out there and a huge desire to do some-
thing real with it,” says Christopher Lintott, 
an astronomer at the University of Oxford, 
UK, and chair of the Citizen Science Alliance, 
which hosts projects and advises researchers. 

There are indications that in the past five 
years or so, citizen science has become more 
popular with researchers — and more likely to 
translate into a legitimate, publishable research 
project. It offers a means of doing substantial, 
thoughtful public outreach, and of tackling 
otherwise intractable, laborious or costly 
research problems. 

But recruiting non-scientists comes with 
complications, including finding the right 
technical tools and partners to organize and 
execute projects with potentially thousands of 
data collectors. And scientists must ensure that 
the data are sound. Researchers thinking about 
entering the citizen-science fray should con-
tact established associations for guidance and 
consider what they want from the end result — 
is it outreach alone, or something more?  

It is difficult to measure the growth in citi-
zen science accurately, in part because many 
ventures overlap with science-education 
efforts, but projects are definitely becoming 
more common. The Citizen Science Alliance 
began with one project in 2007 and has now 
hosted more than 20. The alliance has received 
200 proposals for possible projects in the past 
year alone, and launched 10. A similar organi-
zation called SciStarter now boasts more than 
450 projects. Citizen Science Central — co-
founded by Rick Bonney, an ornithologist at 
Cornell University in Ithaca, New York, who 
in 1995 coined the term citizen science — lists 
162 projects.

Some have given rise to peer-reviewed 
publications. Jake Weltzin, an ecologist at the 
University of Arizona in Tucson, is execu-
tive director of the USA National Phenology 
Network, which runs a project called Nature’s 
Notebook. Citizen scientists track how climate 
affects the timing of life-cycle events in plants 
and animals. Weltzin’s group jumped from 
one publication in 2007 — when citizen sci-
ence elsewhere meant asking for access to peo-
ple’s computer-processing power to work with 
huge amounts of data — to more than 100 now. 
“This is a whole new way of doing science,” 
says Weltzin. “Being able to think about and 
collect data at a continental scale.”

STRENGTH IN NUMBERS
Citizen science can help researchers to address 
previously insoluble problems. For exam-
ple, Justin Halberda, a psychologist at Johns 
Hopkins University in Baltimore, Maryland, 
wanted to study how cognition develops as 
people age. He originally thought that he 
would need to gather data from tens of thou-
sands of people of all ages over the course of 
years, a feat that would be financially and logis-
tically impossible for one research team with 
a limited budget. 

So he reached out, asking volunteers to play a 
sort of video game that measures number sense 
— the ability to estimate how many items there 
are in a collection without actually counting 
them. The game involved watching yellow and 
blue dots flash briefly on a screen, then estimat-
ing whether there were more yellow or blue. 
Over the course of a few months, more than 
13,000 individuals — ages 11 to 85 — took the 
test, and Halberda’s team analysed the results.

The researchers not only built up a general 
description of people’s number sense, but also 
unveiled a surprise: individuals don’t achieve 
the best precision in number sense until 

C I T I Z E N  S C I E N C E

Amateur experts
Involving members of the public can help science projects — 
but researchers should consider what they want to achieve.

Hunter-gatherers in the Congo Basin are using smartphones to track poaching and logging.
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A call to the ESPA community"
"

•  If you use (new) technology for evidence generation"

•  If you do data collection and processing"

•  If you are interested in improving user interfacing & 
interaction"

-> Get in touch!"
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