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Abstract. A consolidated geomorphology-based approach for discharge hydrograph Prediction in Ungauged
Basins (PUB) through deconvolution of discharge signals from gauged donor catchments, their transposition
and their convolution towards target outlets, has been made available online to end-users through a Web Service
(Web Processing Service Application Programming Interface – WPS API) for the synoptic peninsular region
of Brittany, France. In the spirit of hydrological services, the SIMFEN Web Service allows anyone to execute
the hydrological modelling online through OGC® interoperability standards; collection of public hydrometric
data; connection to a pre-existing Web Service for geomorphometric analysis; and online visualization. Thanks
to tangible indicators, we here show how the users’ community is actually active in using the Web Service, i.e.
in uptaking the recent science-operational translation of a scientific development into a Service.

Keywords. UPH 7; UPH 21; UPH 22; PUB; Hydrogeomorphol-
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1 Introduction

In hydrology, scientific knowledge and methodological
progress are critical for society in terms of security and sus-
tainable development, polycentric governance and citizen en-
gagement (Young et al., 2015; Ceola et al., 2016; Di Bal-
dassarre et al., 2019; Nardi et al., 2022). Scientific outcomes
in terms of methodology have always had a high innovative
potential for different end-users including operational hy-
drometeorological entities, water management institutions,
and policy makers. The translation of methods into Services
(WMO, 2015) is a major challenge which can be inscribed in
the hydro-informatic side of Open Science (UNESCO, 2021;
Cudennec et al., 2022b) in terms of data FAIRness and rel-
evance (see Cudennec et al., 2020 on FAIR and SQUARE
data; Pecora and Lins, 2020 on e-monitoring the nature of
water; Hall et al., 2022), of efficient workflows and chainings
(Cudennec et al., 2022a), and of operationalization and as-
similation of innovations (Dixon et al., 2022). The scientific

work is naturally valued through scientific publications with
its own rules and metrics, yet the translation into innovation
towards end-users needs to go beyond scientific publications
and bibliometrics (Cudennec and Hubert, 2008; Koutsoyian-
nis et al., 2016; Cudennec et al., 2022b). Here we illustrate
how a consolidated modelling approach of the PUB – Pre-
diction in Ungauged Basins type has been translated into a
Web Service (Web Processing Service Application Process-
ing Interface – WPS API) and how indicators of use can be
considered.

2 SIMFEN: A Web Service to make a PUB modelling
approach available

Prediction in Ungauged Basin (PUB) remains an ambi-
tious task, especially when dealing with discharge series,
i.e. hydrographs and derived statistics of regime (Blöschl
et al., 2013; Hrachowitz et al., 2013) and related signatures
(McMillan, 2021). For any gauged basin, Cudennec (2000)
proposed the inversion of a geomorphology-based transfer
function and so the deconvolution of the measured discharge
time series to assess the net rainfall time series. The simu-
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lated discharge time series at the outlet of a similar target
catchment (in particular nested or neighbouring) is then ob-
tained by transposition from the donor catchment, then the
convolution with the corresponding transfer function as de-
duced from its observed geomorphometry and a robust as-
sumption on the streamflow velocity. This geomorphology-
based hydrological approach (Cudennec, 2007) has been
tested in different well described contexts with pseudo-
ungauged strategies: semi-arid Tunisia (Boudhraâ et al.,
2009, 2018), temperate oceanic France (de Lavenne et al.,
2015, 2016) and pluvio-nival Canadian Québec (Ecrepont et
al., 2019). Robustness has been assessed regarding the cali-
bration configuration (Boudhraâ et al., 2018; de Lavenne et
al., 2016) and the resolution of the digital elevation model
used as a geomorphometric reference (Ecrepont and Cud-
ennec, 2020). Based on these grounds, simulations in truly
ungauged catchments have been performed, in particular to-
wards coastal bays (de Lavenne and Cudennec, 2019), which
are water quality-related hotspots (Heal et al., 2021; Neville
et al., 2022), being fragile fresh/marine water ecosystems
where water-conveyed nutrient over-loads can induce eu-
trophication and green tides.

This consolidated geomorphology-based approach for dis-
charge Prediction in Ungauged Basins (PUB) through decon-
volution of discharge signals from gauged donor catchments,
their transposition and their convolution towards target out-
lets, has been made available online to end-users through a
Web Processing Service Application Programming Interface
(WPS API) for the synoptic peninsular region of Brittany,
France. In the spirit of hydrological Services, the SIMFEN
WPS API (https://geosas.fr/simfen, last access: 10 March
2023, Dallery et al., 2022) allows anyone to execute the
hydrological modelling package transfR (de Lavenne et al.,
2021, 2023) online through: (1) Open Geospatial Consortium
(OGC®) interoperability standards; (2) collection and use of
public hydrometric data; (3) connection to the pre-existing
MNTSurf WPS API for geomorphometric analysis (Squiv-
idant et al., 2015); (4) visualization using a collaboratively
developed Mviewer; and (5) innovative WPS API chaining
workflows facilitated by an Open Science spatial data infras-
tructure (Bera et al., 2015). The ability to model discharge
series at any ungauged outlet of the synoptic region is offered
to specialists of other disciplines, non-modeller water prac-
titioners and interested citizens to support interdisciplinar-
ity, water monitoring and management, and related science-
society-policy debates and actions. Figure 1 illustrates the
SIMFEN Web Service through its online interface.

3 Dissemination and indicators of use by end-users

The modelling approach had been used and presented in
different catchments across the Brittany region (a coher-
ent hydrographic area of 29 640 km2 – Fig. 2a), with cor-
responding stakeholders over the last decade; but the ex-

pertise was sitting with the scientific team, whereas the de-
mand for tailored simulations was increasingly soliciting.
The principle of the SIMFEN Web Service was envisaged
with key stakeholders, i.e. the Brittany regional government
(Région Bretagne) and the corresponding water basin institu-
tion (Agence de l’Eau Loire Bretagne) which funded the de-
velopment. The SIMFEN Web Service was beta-tested with
a sample of end-users in 2019 (Dallery et al., 2022) and
was then opened to end users late 2019. A public announce-
ment was made via the different communication vehicles
of the scientific team, the funders, and the regional CRE-
SEB network for science-policy dialogue in the field of wa-
ter. Beyond the water-related stakeholders, announcements
and demonstrations were made within the regional GeoBre-
tagne community dealing with data sharing. These multi-
channel advertisements have then been amplified and con-
solidated via a dedicated webinar presentation on 20 June
2021 (https://www.creseb.fr/cycle-webinaire-hmuc/, last ac-
cess: 10 March 2023), incorporation in teaching at master
level, and a constructive hotline interaction with pro-active
end-users.

Figure 2 displays different indicators, of the metric and
mapping types, of end-using between 1 January 2020 and
9 February 2023. Assessing these indicators is allowed by
the digital monitoring of the Web Service actioning. The ul-
timate use of the simulations obtained cannot be fully cap-
tured by the digital monitoring, and the trial-and-error or
expert-exploration iterations cannot be easily detected and
accounted for. Yet informal feedbacks from end-users, an-
nounced and detected specific analysis works led by water
institutions, consulting companies, sometimes seconded to
master students from curricula where the modelling method
and Service had been presented and explored, confirm that
many end-users are really considering the Service beyond
curiosity. Many have a real strategy for testing and subse-
quently for supporting operational and policy developments,
in particular regarding the consolidation of the hydrometric
network, the alignment of water quantity and quality moni-
toring, and gap filling in data series and/or in catchment-wide
approaches for water resources management, and for the as-
sessment of hydrological driving forces of specific ecosys-
tems. A more ambitious assessment of the Service-using is
under consideration, which will develop on and beyond indi-
cators displayed in Fig. 2. Yet, it is already obvious that the
end-using is much more intense than it was and would have
remained if the methodological development had been kept
limited to the scientific team and to publications in scientific
journals.
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Figure 1. Screenshot of the SIMFEN Web Service interface with simulated discharge for a target catchment (black in the time series and
on the map) obtained by transposing observed discharges from five surrounding gauging stations (donor catchments, in colour: J0323010,
J0626610, J7373110, J7353010, J7214010).

Figure 2. End-using indicators of the SIMFEN Web Service API over 1 January 2020–9 February 2023 period. Overall (a) and sequential
(b) usage; Mapping of users (c) and catchment outlets (d).
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