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Mountain environments

A “perfect storm” caused by a combination of:

• complex environmental system undergoing rapid change;

• vulnerable populations (“poverty pockets”) relying strongly on ESS;

• extreme data scarcity and uncertainties.



Participatory monitoring

• Precipitation and river discharge

• Responding to local questions on land-use 
impacts

• Cheap sensor package (~ 5000 USD)

• Local buy-in and participation





Environmental virtual observatories



“Citizen science”

• How to create long term sustainability?

• How to maximize local impact?

• How to integrate scientific with local knowledge?

• How to foster sustainable development and poverty reduction?

UK NERC/ESRC/DFID ESPA programme funded project:

Adaptive governance of mountain ecosystem services for 
poverty alleviation enabled by environmental virtual 
observatories (Mountain-EVO, 2013 – 2017)
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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



Modular and 
distributed workflow 
construction, 
simulation, and 
prediction
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collection & 
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policy support 
systems

Polycentric governance of natural resources
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Actionable knowledge generation



Information collection: new technologies

oxfloodnet.co.uk



Information collection: new institutional dynamics

• Potential to break open traditional 
and formal monitoring silos

• Multilevel, multipurpose

• Complementarity vs. resilience

• Adaptive governance

• Trust, credibility, acceptance

• “Polycentric monitoring”

Buytaert, W., Dewulf, A., De Bièvre, B., Clark, J., & Hannah, D. M. (2016). Citizen 
Science for Water Resources Management: Toward Polycentric Monitoring and 
Governance? Journal of Water Resources Planning and Management, 01816002.



Information processing

• ICT, web technologies

• Multilevel, multipurpose, 
multidirectional

• Integration of 
heterogeneous data & 
knowledge

• Polycentric models of 
data curation, knowledge 
co-generation, and 
governance

Karpouzoglou, T., Zulkafli, Z., Grainger, S., Dewulf, A., Buytaert, W., & Hannah, D. M. (2015). 
Environmental Virtual Observatories (EVOs): Prospects for knowledge co-creation and resilience in 
the Information Age. Current Opinion in Environmental Sustainability, 18, 40–48.



Technical challenges and opportunities

• Cloud computing

• Big data

• Web-based processing and 
modelling

• Model coupling, uncertainty 
analysis, uncertainty propagation

• Several initiatives: CUAHSI, OGC, 
GEOSS, …

Vitolo, C., El-Khatib, Y., Reusser, D., Macleod, C. J. a., & Buytaert, W. (2015). Web Technologies 
for Environmental Big Data. Environmental Modelling & Software, 63, 185–198.
Beven, K., Buytaert, W., & Smith, L. A. (2012). On virtual observatories and modelled realities (or 
why discharge must be treated as a virtual variable). Hydrological Processes, 26, 1906–1909. 





Information provision

• Visualization & communication

• User interface design

• Scenario building

(a) (b)

(c) (d)

Figure 7: (a) Prototype testing with a local farmer (b) Prototype testing with a government
o�cial at the Ministry of Environment (c) Workshop with university students from a vol-
unteering club Grupo de Alumnos Voluntarios de la Universidad Agraria de La Molina (d)
Content analysis of user feedback on usefulness, usability, and exchangeability elements of the
EDSS prototypes
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Prototyping

Figure 3: Paper prototyping: development of wireframes to concretise ideas from conceptual
design

25



User requirements
● useful information
● usable information
● exchangeable information

User
space

Design
space

Conceptual design
● DSS type
● Information base
● Interactivity
● Visualisation

User testing

Deploy

Iteration

Actor-network analysis
● Roles and relations 
● Interests 
● Decision making processes and goals
● Knowledge creation and exchange

Phase 1: Define Phase 2: Refine Phase 3: Deliver

Build! 

Figure 1: EDSS design methodology for polycentric management support. It is a process
that is framed by the development of the user requirements/specifications i.e. definitions and
di↵erentiation of useful, usable, and exchangeable information for the di↵erent types of actors
and scales within a polycentric network. The process occurs between highly interactive user
and design spaces. It begins with an identification of the actors and an analysis of their
decision-making practices in the user space (phase 1) and the development of user personas
based on this analysis to aid design tailoring in the design space. Single or multiple iterations
of conceptual design can take place before the EDSS is adequately tailored for di↵erent users
(phase 2), at which point technical development (phase 3) can begin.
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Zulkafli et al., in review



Challenges

• Leveraging new technologies 

• Ensuring a user centered approach

• Recognizing the polycentric nature of systems

• Adaptive governance & knowledge co-generation
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