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Explanation of the typology 
 

This document presents the lists of productions of all projects supported by ERA4CS, classified 
according to a common typology, oriented toward the transfer of results to other actors of climate 
services. 

 
Explanation of the categories: 

 
A. Written documents 

 
This is a very general type of production that can include scientific results, technical results, training 
material, guidelines, etc. 

 
- A1: Articles in scientific peer-reviewed journal 
- A2: Article / Book intended for large audiences (including training material) 
- A3: Project document of general interest with public access 
- A4: Project document with access reserved to project partners or specific users 

 
 

B. Datasets that can be used as input to deliver a climate service 
 

- B1: Dataset in open access 
- B2: Dataset accessible via a license without fee 
- B3: Dataset accessible via a license with a fee 
- B4: Dataset accessible only to project partners or specific users 

 
C. Software that can be used to deliver a climate service 

 
This type of production includes all software, e.g. source codes for data processing, knowledge- 
based systems, decision support tools, etc. 

 
- C1: Software in open access 
- C2: Software accessible via a license without fee 
- C3: Software accessible via a license with a fee 
- C4: Software accessible only to project partners or specific users 

 

D. Full service ready to operate 
 

- D1: Interactive Web Site 
- D2: Mobile App 
- D3: Service based on tailored reports and advices 
- D4: Interactive training material or service 
- D5: Other 

 
Intention of the project consortium regarding the future of this service: 

- F1: Continue operating the service without the need of external funding 
- F2: Continue operating the service subject to external funding 
- F3: Transfer the service to an operational actor, e.g. an operational public agency or a private 

company, or a mix of the above options) 
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E. Other results not falling into the above categories 
 

This type of production may include for instance: 
- E1: A network of stakeholders that can be mobilized to continue the development of a 

service. 
- E2: Experiences and acquired know-how from various case studies 
- E3: Resource for educational activities or capacity building not falling into the above 

categories 
- E4: Other 
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AQUACLEW Impacts of climate change on various water-related risks 
 

http://aquaclew.eu 
 

Lead PI: Christiana Photiadou, Swedish Meteorological and Hydrological Institute, Sweden 
 

Partner institutes: 
TU Dortmund University, Germany 
University of Innsbruck, Unit of Hydraulic Engineering, Austria 
University of Natural Resources and Life Sciences, Austria 
Geological Survey of Denmark and Greenland, Denmark 
University of Cordoba, Spain 
University of Granada, Spain 
National Research Institute of Science and Technology for Environment and Agriculture, France 

Research funding agencies: FORMAS, DLR, BMWFW, IFD, MINECO, ANR1 

Category A 
 

A1: Articles in scientific peer-reviewed journal 
• Berg, P., Christensen, O. B., Klehmet, K., Lenderink, G., Olsson, J., Teichmann, C., and Yang, 
W. (2019): Summertime precipitation extremes in a EURO-CORDEX 0.11° ensemble at an hourly 
resolution. Nat. Hazards Earth Syst. Sci., DOI: https://doi.org/10.5194/nhess-19-957-2019, 2019. 
Summertime depth duration frequencies of a subset of the EURO-CORDEX 0.11∘ ensemble is 
evaluated with observations for several European countries for durations of 1 to 12 h. Most of the 
model simulations strongly underestimate 10-year depths for durations up to a few hours but 
perform better at longer durations. Projected changes are assessed by relating relative depth 
changes to mean temperature changes. A strong relationship with temperature is found across 
different subregions of Europe, emission scenarios and future time periods. 
• Chan, S., S., Seidenfaden, I., K., Jensen, K., H., Sonnenborg, T., O. (2021) Climate change 
impacts and uncertainty on spatiotemporal variations of drought indices for an irrigated catchment, 
Journal of Hydrology 601, https://doi.org/10.1016/j.jhydrol.2021.126814. The results from the future 
projections showed that the intensity and frequency of droughts increased towards the end of the 
century. The spatial patterns of changes in drought were found to be highly dependent on the 
climate model results, index formulations and assumptions, as well as the hydrogeological properties 
of the catchment. 
• Cobos, M., Baquerizo, A., Diez-Minguito, M., Losada, M., A. (2020): A Subtidal Box Model 
Based on the Longitudinal Anomaly of Potential Energy for Narrow Estuaries. An Application to the 
Guadalquivir River Estuary (SW Spain). J. Geophys. Res. Oceans, 125 (2020), pp. 1-19, 
10.1029/2019JC015242 
This study demonstrates the informative capacity of the longitudinal anomaly of potential energy 
(LAPE) in the analysis of the magnitude and spatiotemporal variability of estuarine processes. For this 
purpose, a LAPE balance equation is formulated. The LAPE integrates and varies with the vertical and 
longitudinal density distribution. 
• Donnelly, C., Ernst, K., and Arheimer, B. (2018): A comparison of hydrological climate services 
at different scales by users and scientists. Climate Services. DOI: 10.1016/j.cliser.2018.06.002. In this 
study, climate researchers and users compare continental, national and locally tailored climate 
change services for two case studies in Sweden with clear adaptation needs. Differences across 
services are unavoidable, and limitations of climate change services are a reality of the nature of 
projecting an ultimately uncertain future. Therefore, we call for clearer, more explicit communication 

http://aquaclew.eu/
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of what a climate change service provides, and detailed explanations of the limitations of climate 
services regarding variables, locations, scales, as well as other uncertainties. We also find that value 
can be added to existing climate change services by tailoring climate service outputs for a specific 
location or specific user requirements. 
• Hundecha, Y., Arheimer, B., Berg, P., Capell, R., Musuuza, J., Pechlivanidis, I., Photiadou, C. 
Effect of model calibration strategy on climate projections of hydrological indicators at a continental 
scale. Climatic Change 163, 1287–1306 (2020). https://doi.org/10.1007/s10584-020-02874-4. The 
effect of model calibration on the projection of climate change impact on hydrological indicators was 
assessed by employing variants of a pan-European hydrological model driven by forcing data from an 
ensemble of climate models. The hydrological model was calibrated using three approaches: 
calibration at the outlets of major river basins, regionalization through calibration of smaller scale 
catchments with unique catchment characteristics, and building a model ensemble by sampling 
model parameters from the regionalized model. 
• Jalón, M., L., Lira-Loarca, A., Baquerizo, A., Losada, M., A. (2019) An analytical model for 
oblique wave interaction with a partially reflective harbor structure. Coastal Engineering 143, 38-49, 
https://doi.org/10.1016/j.coastaleng.2018.10.015. 
In this study, an analytical model for oblique wave incidence is developed. The model allows to 
optimize the design configuration under different criteria (harbor tranquility, wave energy extraction, 
structural safety). The results were compared to computational fluid dynamics models results. The 
accurate representation of the hydrodynamic performance of the systems depends on a correct 
modelization of the head loss. 

 

• Kiesel, J., Stanzel, P., Kling, H. et al. Streamflow-based evaluation of climate model sub- 
selection methods. Climatic Change 163, 1267–1285 (2020). https://doi.org/10.1007/s10584-020- 
02854-8. 
The assessment of climate change and its impact relies on the ensemble of models available and/or 
sub-selected. However, an assessment of the validity of simulated climate change impacts is not 
straightforward because historical data is commonly used for bias-adjustment, to select ensemble 
members or to define a baseline against which impacts are compared—and, naturally, there are no 
observations to evaluate future projections. The test presented here is well-suited to be applied in 
multi-basin experiments to obtain better understanding of uncertainty propagation and more 
universal recommendations regarding uncertainty reduction in hydrological impact studies. 
• Krysanova, V., Donnelly, C., Gelfan, A., Gerten, D., Arheimer, B., Hattermann, F. and 
Kundzewicz; Z.W. (2018): How the performance of hydrological models relates to credibility of 
projections under climate change. Hydrological Sciences Journal. DOI: 
10.1080/02626667.2018.1446214 
Two approaches can be distinguished in studies of climate change impacts on water resources when 
accounting for issues related to impact model performance: (1) using a multi-model ensemble 
disregarding model performance, and (2) using models after their evaluation and considering model 
performance. We discuss the implications of both approaches in terms of credibility of simulated 
hydrological indicators for climate change adaptation. 

 

• Lira-Loarca, A.; Baquerizo, A.; Longo, S. Interaction of Swell and Sea Waves with Partially 
Reflective Structures for Possible Engineering Applications. J. Mar. Sci. Eng. 2019, 7, 31. 
https://doi.org/10.3390/jmse7020031 
In this work, we investigate the interaction between the combination of wind-driven and regular 
waves and a chamber defined by a rigid wall and a thin vertical semi-submerged barrier. A series of 
laboratory experiments were performed with different values of incident wave height, wave period, 
and wind speed. The analysis focuses on the effect of the geometry of the system characterized in 
terms of its relative submergence and relative width. 
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• Lira Loarca, Cobos, M., Besio, G., & Baquerizo, A. (2021). Projected wave climate temporal 
variability due to climate change. Stochastic Environmental Research and Risk Assessment, 35(9), 
1741–1757. https://doi.org/10.1007/s00477-020-01946-2 
This work proposes a new general procedure to stochastically analyze multi-model multivariate wave 
climate time series projections at different temporal scales. For every projection, it characterizes 
significant wave height, peak period and mean direction by means of univariate non-stationary 
distributions capable of capturing cyclic climate behavior over a reference time interval duration 

 
• Lira-Loarca, A., Cobos, M., Losada, M., A., Baquerizo, A. (2020): Storm characterization and 
simulation for damage evolution models of maritime structures. Coastal Engineering 156, 103620, 
https://doi.org/10.1016/j.coastaleng.2019.103620. 
A statistical model for long-term simulation of extreme events is developed. The methodology allows 
for the rigorous selection of the parameters that define a storm event. The model accurately 
reproduces the multivariate storm events and their temporal evolution. A case study in the 
Mediterranean coast of Spain is presented as a validation of the methodology. 

 
• Merks, J., Photiadou, C., Ludwig, F., & Arheimer, B. (2020). Comparison of open access global 
climate services for hydrological data. Hydrological Sciences Journal, 0(0), 1–17. 
https://doi.org/10.1080/02626667.2020.1820012 
This study, investigates how climate impact indicators (CIIs) developed for global users in the 
Copernicus Climate Change Service (C3S) are comparable to other openly available global data for 
water and climate. We found that, for temperature, datasets are comparable and climate impacts 
are thus considered robust. Important discrepancies arise in the precipitation indicators. Of the CIIs 
analysed in this study, the hydrological CIIs differ most so they should be used with care. 

 

• Millares, A. and Moñino, A., 2020. Hydro-meteorological drivers influencing suspended 
sediment transport and yield in a semi-arid mountainous basin. Earth Surface Processes and 
Landforms, 45 (15), 3791–3807. doi:10.1002/esp.5001 

 
• Nicolle, P., Andréassian, V., Royer-Gaspard, P., Perrin, C., Thirel, G., Coron, L., and Santos, L.: 
Technical note: RAT – a robustness assessment test for calibrated and uncalibrated hydrological 
models, Hydrol. Earth Syst. Sci., 25, 5013–5027, https://doi.org/10.5194/hess-25-5013-2021, 2021. 
Prior to their use under future changing climate conditions, all hydrological models should be 
thoroughly evaluated regarding their temporal transferability (application in different time periods) 
and extrapolation capacity (application beyond the range of known past conditions). This note 
presents a straightforward evaluation framework aimed at detecting potential undesirable climate 
dependencies in hydrological models. 

 
• Räty, O.; Räisänen, J.; Bosshard, T.; Donnelly, C. Intercomparison of Univariate and Joint Bias 
Correction Methods in Changing Climate From a Hydrological Perspective. Climate 2018, 6, 33. 
https://doi.org/10.3390/cli6020033 
In this paper, the ability of two joint bias correction algorithms to adjust biases in daily mean 
temperature and precipitation is compared against two univariate quantile mapping methods when 
constructing projections for 21st century periods. 

 
• Schmith, T., Thejll, P., Berg, P., Boberg, F., Christensen, O. B., Christiansen, B., Christensen, J. 
H., Madsen, M. S., and Steger, C.: Identifying robust bias adjustment methods for European extreme 
precipitation in a multi-model pseudo-reality setting, Hydrol. Earth Syst. Sci., 25, 273–290, 
https://doi.org/10.5194/hess-25-273-2021, 2021. 



8 

 

 

 
 

In the present work, we evaluate different adjustment techniques in a changing climate. This is done 
in an inter-model cross-validation set-up in which each model simulation, in turn, performs pseudo- 
observations against which the remaining model simulations are adjusted and validated. The study 
uses hourly data from historical and RCP8.5 scenario runs from 19 model simulations from the EURO- 
CORDEX ensemble at a 0.11∘ resolution. 

 

• Pasten-Zapata, E., Sonnenborg, T.O. & Refsgaard, J.C. 2019: Climate change: Sources of 
uncertainty in precipitation and temperature projections for Denmark. Geological Survey of Denmark 
and Greenland Bulletin 43, e2019430102. https://doi.org/10.34194/GEUSB-201943-01-02 
The first assessment of a previously published method to bias-correct 21 regional climate model 
projections of daily temperature and precipitation for Denmark is presented. We assess the 
projected changes and sources of uncertainty. The study provides an initial assessment of the bias 
correction procedure applied to this set of model outputs to adjust projections of annual 
temperature, precipitation and potential evapotranspiration. This method is expected to provide a 
foundation for further analysis of climate change impacts in Denmark. 

 
• Pechlivanidis I. G., Gupta H. and Bosshard T. (2018): An information theory approach to 
identifying a representative subset of hydro-climatic simulations for impact modeling studies. Water 
Resources Research. DOI: 10.1029/2017WR022035 
The need for better understanding of climate change and its impact has led to an increasing number 
of climate models and consequently hydro-climatic projections. Using a large set of projections, we 
present the information content and the redundant information when an ensemble is considered, 
and hence demonstrate how representative projections can be identified in order to overcome 
artifacts/biases introduced by a common hand-picking approach. 

 

• Photiadou, C., Arheimer, B., Bosshard, T., Capell, R., Elenius, M., Gallo, I., Gyllensvärd, F., 
Klehmet, K., Little, L., Ribeiro, I., Santos, L., & Sjökvist, E. (2021). Designing a Climate Service for 
Planning Climate Actions in Vulnerable Countries. Atmosphere, 12(1), 121. 
https://doi.org/10.3390/atmos12010121 
The next generation of climate services needs not only tailoring to specific user needs but to provide, 
in addition, access to key information in a usable way that satisfies the needs of different users’ 
profiles; especially web-based services. Here, we present the outcomes from developing such a new 
interactive prototype. The service provides data for robust climate analysis to underpin decision- 
making when planning measures to compensate for climate impact. 

 

• Royer-Gaspard, P., Andréassian, V., and Thirel, G.: Technical note: PMR – a proxy metric to 
assess hydrological model robustness in a changing climate, Hydrol. Earth Syst. Sci. Discuss. 
[preprint], https://doi.org/10.5194/hess-2021-58, in review, 2021 
The Proxy for Model Robustness (PMR) is based on the systematic computation of model error on 
sliding sub-periods of the whole streamflow time series. We demonstrate that the metric shows 
patterns similar to those obtained with the Differential Split-Sample Test for a conceptual model on a 
set of 377 French catchments. 

 

• Weichselgartner J., and Arheimer B. (2019): Evolving Climate Services into Knowledge–Action 
Systems. Weather, Climate and Society. DOI: https://doi.org/10.1175/WCAS-D-18-0087.1 
In this study iit is poposed that the qualitative classification of the users can be applied into climate 
change adaptation products, services, and systems to better guide research, policy, and practice with 
a clear terminology and analysis framework. This differentiation allows the pinpointing of critical 
challenges associated with the production and application of climate-relevant information, as well as 
the identification of suitable metrics to assess the impact of climate services. The article concludes 
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with recommendations to advance climate services into knowledge–action systems and increase 
their sustainability. 

 
A3: Project documents with public access 

 
A3 Progress Reports and Case study report published on the AQUACLEW website 

 
A3 Contributions to publicly available project documents (technical report, best-practice 
guidelines) for the Interreg Central Europe project RAINMAN 

 
A3 Lemoine, A. 2020. Impact du changement climatique sur la gestion des réservoirs 
hydroélectriques. PhD thesis, Sorbonne Université, Paris. Submitted. 

 
A3 Royer-Gaspard, P. 2020. Comment évaluer et améliorer la robustesse des modèles 
hydrologiques utilisés dans un contexte de changement climatique ? PhD thesis, Sorbonne 
Université, Paris. Submitted. 

 
A4: Project documents with access restricted to projects partners 

 
A4 Guidelines for understanding the AQUACLEW heavy rainfall run-off simulations and maps: A 
leaflet for users of the City of Hagen (in German) 

 
Category B 

 
B1: Datasets in open access 

 
B1 (pending to upload to PANGAEA) 
AUTHORS: Pérez-Palazón M.J., Herrera, P., Pimentel, R, Polo, M.J. 
DESCRIPTION: Downscaled variables of interest (5) of the different clients involved in the case study 
for the reference period (1970-2000) and future period (2010-2100) for three climate scenarios (rcp 
2.6, rcp 4.5 and rcp 8.5) and associated uncertainty. 

 

B4 Change rates from pan-European climate service (swicca.eu) applied to national design 
precipitation for Austria (ehyd.gv.at) - the corresponding datasets and methodology (nearest 
neighbor search), which were used in the case study, are available for project partners upon request 

 
B4 Hydroelectricity Case study (ready) 
The case study investigates the use of large-scale climate services to improve the performance of 
water-energy systems, based on the development of indicators of local impact on reservoir 
operations in the hydropower sector. The work is led by Irstea (France), in close collaboration with 
the EDF R&D climate services group (EDF is the main French electricity producer). Type of Data: 
GCM/RCM climate projections (precipitation and temperature). These data are collected to be used 
as input to the hydrological model to obtain hydrological (river discharge) projections. 
Discharge projections: These data are generated by the GR6J hydrological model for a number of 
studied catchments in France to be used to derive indicators of reservoir-based hydropower 
flexibility. 
Observed climate data (precipitation and temperature): These data are used to calibrate the GR6J 
hydrological model for a number of studied catchments in France. 
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Observed discharge data: These data are used to calibrate the GR6J hydrological model for a number 
of studied catchments in France and to evaluate the hydrological characteristics of the historical 
period for the climate change impact analysis. 
Format: GCM/RCM climate projections (precipitation and temperature): NetCDF file format. 
Discharge projections: Data generated in the TXT file format. 
Observed climate data (precipitation and temperature): Data collected in the TXT file format. 
Observed discharge data: Data collected in the TXT file format. 

 
B4 RAT dataset 
Dataset collected for the European-wide robustness assessment. This dataset consits in a large 
number of long-term simulations. Over 200 simulations will be made available for Sweden (HYPE 
model) and France (GR4J, GR5J, GR6J models). A smaller number of simulations will be made 
available for the different case studies of AQUACLEW. 

 

B4 Dataset name: t100a_output/velocity/direction, RSI_output/velocity/direction, 
RCP26a/d/n_output/velocity/direction/change, RCP85a/d/n_output/velocity/direction/change 
Author: TU Dortmund University, Institute of Spatial Planning, Philip Kruse 
Description: Flow direction of surface runoff after a 100-year precipitation event of 60 minutes in the 
reference period (1981-2010). The dataset includes raster files for each minute of a 70-minute 
simulation. It covers the entire city of Hagen. It has a resolution of 2m x 2m per pixel. 
The dataset shows the extent and depth of surface runoff after a precipitation event of 60 minutes, 
which meets the tenth level of the Rainstorm Severity Index developed by Schmitt et al., i.e. twice 
the amount of rainfall of a 100-year event of 60 minutes in the reference period (1981-2010). The 
dataset includes raster files for each minute of a 70-minute simulation. It covers the entire city of 
Hagen. It has a resolution of 2m x 2m per pixel. 
Description: The dataset shows the velocity of surface runoff after a 100-year precipitation event of 
60 minutes in the future (up tp 2100) following the RCP 2.6 & 8.5 climate scenario. The dataset 
includes raster files for each minute of a 70-minute simulation. It covers the entire city of Hagen. It 
has a resolution of 2m x 2m per pixel. 
Access: Municipal geodata server at City of Hagen 

 
B4 Precipitation scaling factors by David Leidinger 
The partners at Innsbruck and Dortmund were provided with local scaling factors, and according 
temperature change signals, to incorporate precipitation under climate change conditions into the 
case-study. 

 
Category C 

 
C2 The software of AQUACLEW are being developed within gitbucket repositories on 
https://gdfa.ugr.es/gitbucket/. Once they are ready they will categorised as C2: Accessible via a 
license without fee. 

 

Category E 
E1 INRAE works closely with EDF and RTE partners from the energy sector in France in the case 
study on hydropower, and it is envisaged to continue working together in other projects and in the 
application of the developments done during AQUACLEW. 

E1 Collaboration with the Andalusian Regional Government. 

E1 Collaboration with researchers of the University of Genova. 
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E3: Contributions from AQUACLEW to teaching material for the course "Engineering Hydrology" at 
the University of Innsbruck (Lecturer: Stefan Achleitner, course number: 845233) 

 
E4: One Master's Thesis (ongoing) and one Master's Thesis (finished) on modeling of pluvial flash 
floods at University of Innsbruck 
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CIREG Climate information for electricity generation in Western Africa 
 

https://cireg.pik-potsdam.de 

 
Project main objective: Natural and social scientists worked in collaboration with river basin 
authorities, water and energy commissions on climate services for renewable electricity generation 
in West Africa. 

Lead PI: Stefan Liersch, Potsdam Institute for Climate Impact Research (PIK), Germany 

Partner Institutes 

Center for Development Research (ZEF), Germany 
Vrije Universiteit Brussel (VUB), Belgium 
Stockholm Environment Institute (SEI), Sweden 
Danish Technical University (DTU), Denmark 
West African Science Service Centre on Climate Change and Adapted Land Use (WASCAL) 

 

Funding agencies 
Federal Ministry of Education and Research (BMBF) 
Belgian Science Policy Office (BELSPO) 
Research council for sustainable development (FORMAS) 
Innovation Fund Denmark (Innovationsfonden) 

 

 
A1 Linking solar and wind power in eastern Africa with operation of the Grand Ethiopian 
Renaissance Dam. Sterl, S.; Fadly, D.; Liersch, S.; Koch, H. & Thiery, W. (2021). Nature Energy. 
https://doi.org/10.1038/s41560-021-00799-5 Ethiopia, Sudan and Egypt are currently embroiled in 
a politically charged conflict that surrounds the soon-to-be-completed Grand Ethiopian Renaissance 
Dam (GERD), with Ethiopia’s energy objectives purportedly conflicting with the water needs in Sudan 
and Egypt. Here we show that the multiple political and environmental challenges that surround 
GERD could be mitigated by explicitly coupling its operation to variable solar and wind power, which 
would create an incentive for Ethiopia to retain seasonality in the Blue Nile flow. We found that this 
could deliver fivefold benefits across the three countries: decarbonizing power generation in the 
Eastern Africa Power Pool; allowing compliance with Sudan’s environmental flow needs; optimizing 
GERD’s infrastructure use; harmonizing the yearly refilling schedules of GERD and Egypt’s High Aswan 
Dam; and supporting a strong diversification of Ethiopian power generation for domestic use and for 
Eastern Africa Power Pool exports. These results argue for an explicit integration of complementary 
hydro, solar and wind power strategies in GERD operation and Eastern Africa Power Pool expansion 
planning. 

 
A1 Projected changes in wind speed and wind energy potential over West Africa in CMIP6 
models. Akinsanola, A. A.; Ogunjobi, K. O.; Abolude, A. T. & Salack, S. (2021). Environmental Research 
Letters. https://doi.org/10.1088/1748-9326/abed7a The development of wind energy in West Africa 
is essential to meet the rising energy needs due to population growth and societal development. 
However, only few studies have investigated the changes in turbine hub-height wind characteristics 
over the region under changing climate. This study aims at assessing the impact of climate change on 
wind power density (WPD) over West Africa using the simulations from the newly developed 
Coupled Model Intercomparison Project version 6 (CMIP6) models. The CMIP6 near-surface wind 
speed and directions simulations for the historical climate (1985 – 2014) were compared with ERA5 

https://doi.org/10.1038/s41560-021-00799-5
https://doi.org/10.1088/1748-9326/abed7a
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reanalysis data using multiple descriptive statistics. Relative to ERA5 reanalysis, the CMIP6 models 
alongside their multimodel ensemble mean (EnsMean) realistically reproduce the near-surface wind 
characteristics (i.e. wind speed and directions) across most subregions of West Africa, although 
noticeable biases still exist. Overall, the CMIP6 EnsMean performs better than most individual 
models at capturing the near-surface wind speed over the region. Under global warming, we find a 
robust projected increase (about 70%) in WPD over the Guinea coast subregion of West Africa, 
especially in June-July-August season. The December-January-February and March-April-May seasons 
show alternating projected WPD increase and decrease, with predominantly robust projected 
decrease over the Sahel subregion. The projected increase over the Guinea coast has strong 
temporal qualities, with the end of the century (2070 – 2099) changes showing stronger magnitude 
compared to the mid-century (2040 – 2069) changes, and thus may provide a commercially viable 
renewable energy source. 

 
A1 Unattainable proximity: Solar power and peri-urbanity in central Burkina Faso. Cantoni, R., 
Skræp Svenningsen, L. & Sanfo, S. (2021). Energy Policy, 112127. 
https://doi.org/10.1016/j.enpol.2020.112127 In the community of Zagtouli, close to Burkina Faso's 
capital, Ouagadougou, lies West Africa's largest solar power plant. This is a 33 MW, on-grid, 
photovoltaic plant. Operational from late 2017, it produces electricity for Burkina Faso's public 
energy company, SONABEL. The electric grid built between the plant and Ouagadougou crosses 
Zagtouli in its middle: however, electricity connections throughout the community are markedly non- 
homogeneous. In particular, most of the southern half of Zagtouli suffers from a condition known in 
the literature as ‘under-the-grid’: namely, close to the grid but unable to connect to it. The benefits 
stemming from the presence of the nearby plant, therefore, remain unattainable for a large share of 
the local community. Drawing on an ethnographic investigation of energy practices and uses 
conducted in Zagtouli, we employ the theoretical framework of energy justice to analyse the 
connection between local justice issues and national electrification strategies. We claim that the 
national preference for on-grid, centralised plants may not adequately respond to the need for a 
more just local energy distribution; and that for peri-urban areas that are not planned to be fully 
connected to the grid in the short term, smaller-scale, decentralised solutions may be more 
appropriate to achieve full electricity access. 

 
A1 Modeling climate change impact on the hydropower potential of the Bamboi catchment. 
Mutsindikwa, T. C.; Yira, Y.; Bossa, A. Y.; Hounkpè, J.; Salack, S.; Saley, I. A. & Rabani, A. (2020). 
Modeling Earth Systems and Environment, https://doi.org/10.1007/s40808-020-01052-w. 
Understanding climate change impacts helps adaptation efforts in the energy sector. This study 
evaluates the impact of future climate change on the hydropower potential (HPP) of the Bamboi 
catchment in West Africa combining the HBV-light rainfall-runoff model and a hydropower 
generation model. Two regional climate simulation datasets MPI-ESM-REMO and WASCAL under RCP 
4.5 were applied to the validated HBV light to simulate the catchment discharge. Based on reference 
and future simulated discharges, a 1.3 MW run-of-river hydropower plant was designed to evaluate 
the HPP of the catchment. Hydrological and HPP changes were expressed as the difference between 
two future periods (2020–2049 and 2070–2099) and a reference period (1983–2005). The climate 
datasets projected a mean annual precipitation increase by 8.8% and 7.3% and discharge increases 
by 11.4% and 9.735% for the 2020–2049 and 2070–2099 periods, respectively. However, an overall 
decrease of hydropower generation by − 9.1% and − 8.4% for the 2020–2049 and 2070–2099 
periods, respectively, was projected. These results stem from an increase in discharge for the rainy 
season not convertible into hydropower, combined with a decrease in discharge during the dry 
months that leads to important HPP losses. 

https://doi.org/10.1016/j.enpol.2020.112127
https://doi.org/10.1007/s40808-020-01052-w
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A1 Physico-chemical and bacteriological quality of groundwater in a rural area of Western 
Niger: a case study of Bonkoukou. Adamou, H., Ibrahim, B., Salack, S., Adamou, R. Sanfo, S. and S. 
Liersch (2020). Journal of Water and Health 18 (1), 70-99, https://doi.org/10.2166/wh.2020.082. 
The precariousness of the rural population in Africa is often symbolized by the lack of potable and 
safe drinking water. This study investigates the physico-chemical and bacteriological characteristics 
of 32 water samples with respect to WHO standards. The water samples were collected from wells, 
boreholes and small drinking water supply systems (DWS) in and around the township of Bonkoukou 
(Niger). The Water Quality Index (WQI) tool was used to assess the overall water quality with 
different physico-chemical parameters. Where the pH of the samples was acceptable, the samples 
showed higher levels of mineralization and deoxygenation. Overall, the samples were slightly hard, 
chlorinated and sulfated but much alkaline and contained nitrate and nitrite ions 2–16 times higher 
than the WHO standards. The use of WQI shows that samples in the DWS are safe for drinking. 
Samples coming from wells are the most polluted (58.50%) compared to those taken from boreholes 
(53.00%), while the percentage of samples from boreholes, unfit for drinking, is higher (41.00%) than 
that of the samples taken from wells (25.00\%). Moreover, water in this area was characterized by 
the presence of total germs indicating bacteriological pollution. Hence, for the supply of safe drinking 
water to the larger number of people in such a rural area, the capacity of actual DWS must be 
improved and widespread. 

 
A1 Smart renewable electricity portfolios in West Africa. Sterl, S., Vanderkelen, I., Chawanda, C. 
J., Russo, D., Brecha, R. J., van Griensven, A., van Lipzig, N. P. M. & Thiery, W. (2020). Nature 
Sustainability. https://doi.org/10.1038/s41893-020-0539-0. The worldwide growth of variable 
renewable power sources necessitates power system flexibility to safeguard the reliability of 
electricity supply. Yet today, flexibility is mostly delivered by fossil fuel power plants. Hydropower 
can be a renewable alternative source of flexibility, but only if operated according to adequate 
strategies considering hourly-to-decadal and local-to-regional energy and water needs. Here, we 
present a new model to investigate hydro-solar-wind complementarities across these scales. We 
demonstrate that smart management of present and future hydropower plants in West Africa can 
support substantial grid integration of solar and wind power, limiting natural gas consumption while 
avoiding ecologically harmful hydropower overexploitation. We show that pooling regional resources 
and planning transmission grid expansion according to spatiotemporal hydro-solar-wind synergies 
are crucial for optimally exploiting West Africa’s renewable potential. By 2030, renewable electricity 
in such a regional power pool, with solar and wind contributing about 50%, could be at least 10% 
cheaper than electricity from natural gas. 

 
A1 One simulation, different conclusions - the baseline period makes the difference! Liersch, S., 
Drews, M., Pilz, T., Salack, S., Sietz, D., Aich, V., Larsen, M. A. D., Gädeke, A., Halsnæs, K., Thiery, W., 
Huang, S., Lobanova, A., Koch, H. & Hattermann, F. (2020). Environmental Research Letters. 
https://doi.org/10.1088/1748-9326/aba3d7. The choice of the baseline period, intentionally chosen 
or not, as a reference for assessing future changes of any projected variable can play an important 
role for the resulting statement. In regional climate impact studies, well-established or arbitrarily 
chosen baselines are often used without being questioned. Here we investigated the effects of 
different baseline periods on the interpretation of discharge simulations from eight river basins in 
the period 1960–2099. The simulations were forced by four bias-adjusted and downscaled Global 
Climate Models under two radiative forcing scenarios (RCP 2.6 and RCP 8.5). To systematically 
evaluate how far the choice of different baselines impacts the simulation results, we developed a 
similarity index that compares two time series of projected changes. The results show that 25% of 
the analyzed simulations are sensitive to the choice of the baseline period under RCP 2.6 and 32% 
under RCP 8.5. In extreme cases, change signals of two time series show opposite trends. This has 
serious consequences for key messages drawn from a basin-scale climate impact study. To address 

https://doi.org/10.2166/wh.2020.082
https://doi.org/10.1038/s41893-020-0539-0
https://doi.org/10.1088/1748-9326/aba3d7
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this problem, an algorithm was developed to identify flexible baseline periods for each simulation 
individually, which better represent the statistical properties of a given historical period. 

 
A1 Turbines of the Caribbean: Decarbonising Suriname's electricity mix through hydro- 
supported integration of wind power. Sterl, S., Donk, P., Willems, P., Thiery, W., (2020). Renewable & 
Sustainable Energy Reviews, 134, 110352, https://doi.org/10.1016/j.rser.2020.110352. The 
Caribbean nation of Suriname has historically depended on a mix of hydropower and oil-based fossil 
fuels for meeting electricity needs. Continued reliance on fossil fuels poses challenges both for 
climate change mitigation and for energy security. This paper explores the potential for increasing 
the share of renewables in Suriname’s electricity mix, with a special focus on the complementary role 
of existing hydropower and future wind power infrastructure. We show that these resources have 
great synergetic potential for displacing fossil fuel-based power generation. Flexible operation of the 
Afobaka hydropower plant, newly in full possession of Suriname, allows significant wind power 
integration without violating grid stability and associated power quality requirements. Considering 
the trade-off between displacing expensive fossil fuels and limiting wind power curtailment on 
Suriname’s island-like grid, our results suggest that integrating wind power in the Surinamese 
electricity mix is economically advantageous up to a share of 20–30%, independently of near-term 
demand growth. These results have wider relevance for climate policy in various Caribbean countries 
and other island states with existing hydropower infrastructure and substantial wind/solar power 
potential, for which this study fills an important literature gap. 

 
A1 Water resources planning in the Upper Niger River basin: Are there gaps between water 
demand and supply? Liersch, S., Fournet, S., Koch, H., Djibo, A.G., Reinhardt, J., Kortlandt, J., Van 
Weert, F., Seidou, O., Klop, E., Baker, C. and F.F. Hattermann (2019). Journal of Hydrology: Regional 
Studies 21: 176-194. https://doi.org/10.1016/j.ejrh.2018.12.006. Study region: The Upper Niger 
and Bani River basins in West Africa. Study focus: The growing demand for food, water, and energy 
led Mali and Guinea to develop ambitious hydropower and irrigation plans, including the 
construction of a new dam and the extension of irrigation schemes. These two developments will 
take place upstream of sensible ecosystem hotspots while the feasibility of development plans in 
terms of water availability and sustainability is questionable. Where agricultural development in past 
decades focused mainly on intensifying dry-season crops cultivation, future plans include extension 
in both the dry and wet seasons. New hydrological insights for the region: Today’s irrigation demand 
corresponds to 7% of the average annual Niger discharge and could account to one third in 2045. An 
extension of irrigated agriculture is possible in the wet season, while extending dry-season cropping 
would be largely compromised with the one major existing Sélingué dam. An additional large Fomi or 
Moussako dam would not completely satisfy dry-season irrigation demands in the 2045 scenario but 
would reduce the estimated supply gap from 36% to 14%. However, discharge peaks may decrease 
by 40% reducing the inundated area in the Inner Niger Delta by 21%, while average annual discharge 
decreases by 30%. Sustainable development should therefore consider investments in water-saving 
irrigation and management practices to enhance the feasibility of the envisaged irrigation plans 
instead of completely relying on the construction of a flow regime altering dam. 

 
A1 A new approach for assessing synergies of solar and wind power: implications for West 
Africa. Sterl, S., Liersch, S., Koch, H., Van Lipzig, N.P.M & Thiery, W. (2018). Environmental Research 
Letters 13: 094009. https://doi.org/10.1088/1748-9326/aad8f6 Abstract West African countries' 
energy and climate policies show a pronounced focus on decarbonising power supply through 
renewable electricity (RE) generation. In particular and most West African states explicitly focus on 
hybrid mixes of variable renewable power sources - solar and wind and hydropower - in their targets 
for the electricity sector. Hydropower and the main current RE resource in West Africa and is strongly 
sensitive to monsoon rainfall variability and which has led to power crises in the past. Therefore and 

https://doi.org/10.1016/j.rser.2020.110352
https://doi.org/10.1016/j.ejrh.2018.12.006
https://doi.org/10.1088/1748-9326/aad8f6
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solar and wind power could play a stronger role in the future as countries move to power systems 
with high shares of RE. Considering the policy focus on diversified RE portfolios and there is a strong 
need to provide climate services for assessing how these resources could function together in a 
power mix. In this study and climate data from the state-of-the-art ERA5 reanalysis is used to assess 
the synergies of solar photovoltaic (PV) and wind power potential in West Africa at hourly resolution. 
A new metric and the stability coefficient Cstab is developed to quantify the synergies of solar PV and 
wind power for achieving a balanced power output and limiting storage needs. Using this metric and 
it is demonstrated that there is potential for exploiting hybrid solar/wind power in a larger area of 
West Africa and covering more important centers of population and closer to existing grid structures 
and than would be suggested&#13; by average maps of solar and wind resource availability or 
capacity factor for the region. The results of this study highlight why multi-scale temporal synergies 
of power mixes should be considered in RE system planning from the start. 

 
A3 CIREG Policy brief: Power in Diversity – Climate Services for Renewable Energy in Ghana 
(2019). https://cireg.pik-potsdam.de/documents/29/Policy_Brief_Power_Diversity_Ghana_FINAL.pdf 

 

A3 CIREG Policy brief: Power in Diversity – Climate Services for Renewable Energy in Burkina 
Faso (2019). https://cireg.pik- 
potsdam.de/documents/30/Policy_brief_Power_Diversity_BurkinaFaso_English_vfinal.pdf 

 

A3 CIREG Policy brief: Smart mixes of solar, wind and hydropower in West Africa. 
https://cireg.pik-potsdam.de/documents/22/CIREG_POLICY_BRIEF_ENGLISH.pdf 

 

A3 CIREG Policy brief: Mix énergétiques intelligents du solaire, de l’éolien, et de 
l’hydroélectricité en Afrique de l’Ouest (2020) 

 
A3 Alongside solar and wind power, GERD is not a zero-sum game. Sterl, Sebastian Hendrik; 
Fadly, Dalia; Liersch, Stefan; Koch, Hagen; Thiery, Wim (2021). A policy brief to advertise the article 
published in Nature Energy by Sterl et al. (2021). 

 
https://cris.vub.be/ws/portalfiles/portal/67297753/VUB_2021_Policy_brief_Alongside_solar_and_wi 
nd_power_GERD_is_not_a_zero_sum_game.pdf 

 

B1 REVUB simulations: Sterl, S. Figure data used in ‘Smart renewable electricity portfolios in 
West Africa’ https://figshare.com/articles/Sterl_etal_2020_Figure_Data_xlsx/12038829 

 

B1 SWAT+ simulation result used in ‘Smart renewable electricity portfolios in West Africa’. 
Chawanda, C. J., van Griensven, A., Thiery, W., Sterl, S. & Vanderkelen, I. (Zenodo, 2019); 
https://doi.org/10.5281/zenodo.3580663 

 

B1 West African Renewable Power Database (WARPD) database. Supplementary data to Sterl et 
al. (2020). https://static-content.springer.com/esm/art%3A10.1038%2Fs41893-020-0539- 
0/MediaObjects/41893_2020_539_MOESM3_ESM.xlsx 

 

B1 CLM4.5 global-scale impact simulations under ISIMIP2b: publicly available via https://esg.pik- 
potsdam.de/search/isimip/ 

 

C1 REVUB (Renewable Electricity Variability, Upscaling and Balancing): The main objective of 
REVUB is to model how flexible operation of hydropower plants can help renewable electricity mixes 

https://cireg.pik-potsdam.de/documents/29/Policy_Brief_Power_Diversity_Ghana_FINAL.pdf
https://cireg.pik-potsdam.de/documents/30/Policy_brief_Power_Diversity_BurkinaFaso_English_vfinal.pdf
https://cireg.pik-potsdam.de/documents/30/Policy_brief_Power_Diversity_BurkinaFaso_English_vfinal.pdf
https://cireg.pik-potsdam.de/documents/22/CIREG_POLICY_BRIEF_ENGLISH.pdf
https://cris.vub.be/ws/portalfiles/portal/67297753/VUB_2021_Policy_brief_Alongside_solar_and_wind_power_GERD_is_not_a_zero_sum_game.pdf
https://cris.vub.be/ws/portalfiles/portal/67297753/VUB_2021_Policy_brief_Alongside_solar_and_wind_power_GERD_is_not_a_zero_sum_game.pdf
https://figshare.com/articles/Sterl_etal_2020_Figure_Data_xlsx/12038829
https://doi.org/10.5281/zenodo.3580663
https://static-content.springer.com/esm/art%3A10.1038%2Fs41893-020-0539-0/MediaObjects/41893_2020_539_MOESM3_ESM.xlsx
https://static-content.springer.com/esm/art%3A10.1038%2Fs41893-020-0539-0/MediaObjects/41893_2020_539_MOESM3_ESM.xlsx
https://esg.pik-potsdam.de/search/isimip/
https://esg.pik-potsdam.de/search/isimip/
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with variable solar and wind power to provide reliable electricity supply and load-following services. 
This model was first introduced in the paper "Smart renewable electricity portfolios in West Africa" 
by Sterl et al. (2020). A detailed description of all involved principles and equations can be found in 
the publication and its SI, as well as in the Manual on: https://github.com/VUB-HYDR/REVUB 

 

D3 Operation of the Nangbeto reservoir (Mono River) for better flood protection – A simulation 
study. Koch, H. and Liersch, S. (2019). Over the last years, a number of floods have been observed in 
the Mono river in Togo. Especially the flood in 2010 caused damages and casualties (GFDRR, 2011). 
At a meeting at the National Civil Protection Agency of Togo (l'Agence Nationale de la Protection 
Civile du Togo), the question was raised if the CIREG project could give support in reassessing the 
operation of the Nangbeto dam in the Mono River, mainly used for hydropower generation. This 
report investigated the impact of a flood protection operation on hydropower generation. The report 
can be requested from stefan.liersch@pik-potsdam.de 

 

D3 Water Resources Commission Ghana: Report on hydrological modelling in the Volta basin 
using WEAP and SWIM. Liersch, S., Koch, H. and de Condappa, D. (2019). This report shows 
preliminary climate and water management simulation results. The purpose of this document was to 
demonstrate the ongoing modelling activities of tCIREG in the entire Volta basin to establish and 
continue cooperation between CIREG and the Water Resources Commission of Ghana (WRC). The 
report can be requested from stefan.liersch@pik-potsdam.de 

 

D4 Water and energy planning workshops (Burkina Faso and Ghana) with participants also from 
Togo and Niger. During the first stakeholder workshop in October 2018 in Niamey, the stakeholders 
formulated a large demand in model training, such as with WEAP and LEAP. In the course of the 
CIREG project, a series of these requested model trainings were conducted. So far, four WEAP and 
LEAP workshops have been conducted in February 2019, October 2019, June 2020, and December 
2020. 

 
D4 SWIM workshop in Ouagadougou, Burkina Faso. The SWIM model is an eco-hydrological 
model developed at PIK and used in the CIREG project to address water availability and management 
under climate change with a nexus approach. The training was conducted in February 2019 for staff 
of the Volta Basin Authorities and WASCAL. 

 
D4 SWIM training at PIK. In June 2019, one person from the Volta Basin Authority and one 
person from WASCAL were invited to Germany at PIK for a four four weeks intensive training on the 
eco-hydrological model. 

https://github.com/VUB-HYDR/REVUB
mailto:stefan.liersch@pik-potsdam.de
mailto:stefan.liersch@pik-potsdam.de
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CITIZEN SENSING Urban climate resilience through participatory risk 
management 

 

http://citizensensing.eu/ 
 

Lead PI: Tina-Simone Neset, Linköping University, Sweden 
 

Partner institutes: 
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Research funding agencies: FORMAS, RCN, NWO, FCT 

 
A. Written document 
A1: Articles in scientific peer-reviewed journal 

 
A1 Madureira, H.; Monteiro, A.; Cruz, S. (2021). Where to Go or Where Not to Go—A Method 
for Advising Communities during Extreme Temperatures. Climate 2021, 9, 49. 
https://doi.org/10.3390/cli9030049 
Description: This paper proposes a methodological approach to guide 14 the citizens to move around 
the city when extreme temperatures occur, minimizing climatic risks 15 and negative health comes, 
using a very simple method based on Landsat 8 temperature data im-16 ages at a subsection spatial 
scale level. The results obtained indicate the places of higher extreme 17 temperatures risks, as well 
as some of the potential places that people can use to protect themselves. 18 This work 
demonstrates the value of mapping climatic factors at a local scale and deliver tailored 19 and 
accurate maps with the places suitable for alleviating bioclimatic stresses and the ones that 20 
should be avoided. 

 

A1 Opach, T.; Navarra, C.; Rød, J.K.; Neset, T.-S. (2021). Pedestrian Routing and Perspectives: 
WayFinder’s Route Down the Lane—Come on with the Rain. ISPRS Int. J. Geo-Inf. 2021, 10, 365. 
https://doi.org/10.3390/ijgi10060365 
Description: The study aims to gain insight into user perspectives on a pedestrian routing 

functionality implemented in the web application WayFinder and to examine to what extent 
pedestrians find such functionality helpful for navigating in regions that are likely to be inundated. 
We conducted a user study, in which each participant was asked to (1) use the WayFinder tool in 
practice; (2) when walking, report on observed inundated areas; and (3) complete three 
questionnaires to provide feedback on the WayFinder tool. Although most of the participants were 
successful in using WayFinder, they preferred the selection of routes that passed through areas likely 
to be inundated and obtaining information about the risks than selecting a single route suggestion 
that already avoided exposed areas. 

 
A1 Rød, J. K., and Maarse, M. J. (2021). Using Citizen Sensing to Identify Heat-Exposed 
Neighbourhoods. Urban Science, 5(1) 14; https://doi.org/10.3390/urbansci5010014 
Description: In this article, we use geographic information processing methodologies and generate 
144 hourly apparent temperature surfaces for Rotterdam during a six- day heat wave that took place 
in July 2019 in The Netherlands. These surfaces are used to generate a humidex degree hours (HDH) 
composite map. The HDH metric integrates apparent temperature intensity with duration into one 
spatially explicit value and is used to identify geographical areas in Rotterdam where citizens may 

http://citizensensing.eu/
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experience adverse health effects of prolonged heat exposure. Combining the HDH map with 
demographic data allows us to identify the most heat-exposed areas with the largest share of 
vulnerable population. These neighbourhoods may be the locations most in need of adaptation 
measures. 

 

A1 Graça, M., Cruz, S., Monteiro, A., & Neset, T.-S. (2021). Designing green spaces for climate 
adaptation: is evidence-based research aligned with practitioners' needs? Submitted Manuscript. 
Description: Green spaces have been shown to enhance urban resilience in the face of current and 
future challenges, and therefore research in this area has increased exponentially in the last decades. 
Yet, a persistent gap between theory and practice continues to pervade the design of urban green 
spaces with the purpose of climate adaptation. 
This systematic review aims to assess to what extent recent research has produced outputs aligned 
with practitioners’ needs, by analyzing research published in the last decade concerning the design of 
outdoor urban green spaces in the context of climate adaptation. The specific objectives of this 
research are to: i) identify evidence-based research outputs of relevance to practitioners according 
to type of climate impact; ii) assess the level of relevance and geographical transferability of such 
outputs to support the design of urban green spaces; and iii) identify research gaps and barriers that 
might hinder the implementation of evidence-based guidelines. 

 
A1 Navarra, Carlo; Vrotsou, Katerina; Opach, Tomasz; Joling, Almar; Wilk, Julie; Neset, Tina- 
Simone. (2021). A Progressive Development of a Visual Analysis Interface of Climate-Related 
VGI.Environmental Earth Sciences. 80:684. https://doi.org/10.1007/s12665-021-09948-1 
Description: This paper describes the progressive development of three approaches of successively 
increasing analytic functionality for visually exploring and analysing climate-related volunteered 
geographic information. The information is collected in the CitizenSensing project within which urban 
citizens voluntarily submit reports of site- specific extreme weather conditions, their impacts, and 
recommendations for best- practice adaptation measures. The work has pursued an iterative 
development process where the limitations of one approach have become the trigger for the 
subsequent ones. The proposed visual exploration approaches are: an initial map application 
providing a low-level data overview, a visual analysis prototype comprising three visual dashboards 
for more in-depth exploration, and a final custom-made visual analysis interface, the CitizenSensing 
Visual Analysis Interface (CS-VAI), which enables the flexible multifaceted exploration of the climate- 
related geographic information in focus. The approaches developed in this work are assessed with 
volunteered data collected in two of the CitizenSensing project’s campaigns held in the city of 
Norrköping, Sweden. 

 
A1 Navarra, Carlo; Opach, Tomasz; Vrotsou, Katerina; Joling, Almar; Wilk, Julie; Neset, Tina- 
Simone (2020). Visual Exploration of Climate-Related Volunteered Geographic Information. I: 
Workshop on Visualisation in Environmental Sciences (EnvirVis). Eurographics - European Association 
for Computer Graphics 2020 ISBN 978-3-03868-115-1. https://doi.org/10.2312/envirvis.20201092 
Description: This paper describes two approaches for visually exploring climate-related data 
collected within the citizen science research project, CitizenSensing. The project addresses the need 
of European cities and their citizens for enhanced knowledge of site- specific conditions regarding 
climatic risks and adaptation measures. The visual exploration approaches discussed are: (1) a web 
portal enabling users to gain a low-level overview of the collected data on a map, and (2) a visual 
analysis tool facilitating in-depth visual data exploration in search of spatio-temporal patterns. The 
aim of the study is to assess and discuss the potential of such visual exploration approaches in the 
context of Volunteered Geographic Information. 

https://doi.org/10.1007/s12665-021-09948-1
https://doi.org/10.2312/envirvis.20201092
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A1 Opach, Tomasz; Navarra, Carlo; Rød, Jan Ketil; Neset, Tina-Simone.(2020). Towards a Route 
Planner Supporting Pedestrian Navigation in Hazard Exposed Urban Areas. I: ISCRAM 2020 
Conference Proceedings – 17th International Conference on Information Systems for Crisis Response 
and Management. Blacksburg, VA (USA): Virginia Tech 2020 ISBN 978-1-949373-27-1. s. 517-528 
Description: This study aims to design a route planner functionality that includes real-time context 
information from physical sensors and citizen observations to support pedestrian navigation in urban 
areas exposed to extreme heat and floods. Urban population is growing and people living in urban 
areas are especially exposed to heat and urban flooding, which are two of the anticipated effects of 
climate change. Route planning functionality can be of value to individual citizens, especially those 
with limited mobility, as well as for healthcare professionals and authorities who are responsible for 
crisis response and management. Although the route planner functionality is to be experimentally 
implemented in a specific tool with the use of broadly available web technologies and real time data, 
a major generic outcome is the framework that can be used to develop the functionality as part of a 
decision support tool of any kind. 

 
A1 Monteiro, A., Cruz, S., Conceição, P., Malafaya Baptista, F., Gonçalves, P., Opach, T., Neset, 
T.-S. (2019). Contributo para uma maior e melhor perceção e consciência dos riscos climáticos. 
Citizen Sensing - o caso do Porto. In Fernandes, J. R., Carvalho, L., Chamusca, P., Mendes, T., 
Pacheco, M., Rei, A., Rocha, I., Santos, H., & Silva, A., IV Conferência em Políticas Públicas, 
Planeamento e Desenvolvimento Territorial - Descentralização & Desenvolvimento, Ermesinde, 11- 
12 April, 2019 (pp. 37-43). ISBN: 978-989-8969-15-6 
Description: This article presents the Citizen Sensing project, featuring its methodology and the pilot 
case study in Porto. Some preliminary conclusions are discussed, particularly concerning the 
involvement of citizens in using the Citizen Sensing app. 

 
Furthermore, 5 manuscripts are in preparation to be submitted. 

 
A1 Opach, T.; Navarra, C.; Rød, J.K.; Neset, T.-S.; Cruz, S.S.; Joling, A. (forthcoming). Gaining 
urban citizens’ local perspectives on environmental threats: The lesson from the city of Trondheim, 
Norway. To be submitted to Applied Geography. Submitted Manuscript. 

 
A1 Cruz, S., Graça, M., Neset, T.-S., Conceição, P., Gonçalves, P., Juhola, S., (forthcoming) Citizen 
Sensing as affective practice to support climate adaptation governance. Manuscript in preparation. 

 
A1 Neset T.-S., Wilk J., Cruz S., Graça M., Maarse, M., & J.K.,Rød. (forthcoming). Co-designing a 
Virtual Citizen Science Climate Service. Submitted to the ERA4CS special issue in Climate Services. 
Under review. 

 
A1 Neset, T., Graca, M., Navarra, C., Wilk, J., Wallin, P., Santos Cruz, S., Monteiro, A., Opach, T. 
(forthcoming). Navigating heat in urban areas. Manuscript in preparation. 

 

A1 Wikner, J.J., Popovic, R, Rød, J.K. et al (forthcoming). Comparison of different sources of 
sensor data for urban climate monitoring. Manuscript in preparation. 

 
A2: Article / Book intended for large audiences including training material 

 
A2 Graça, M., Neset, T.-S., Juhola, S., Cruz, S. (in press). Supporting urban climate adaptation 
governance through citizen sensing In D. G. Vidal, M. A. P. Dinis, R. C. Dias, & W. L. Filho (Eds.), 
Sustainable Policies and Practices in Energy, Environment and Health Research: Addressing Cross- 
cutting Issues: Springer. 
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Description: This chapter explores how an approach based on citizen sensing (CS), defined as citizens 
acting as sensors to collect and send information using e.g. mobile devices or participatory online 
platforms, can contribute to the governance of urban climate adaptation. Drawing from the 
experience of the European research project Citizen Sensing, which has further developed the CS 
approach by proposing a digital two-way communication system between citizens and relevant 
institutions, we discuss how and to what extent CS can increase engagement by citizens, while 
enhancing the preparedness of authorities for taking effective risk management actions and 
strengthening communication to increase urban climate resilience. 

 
A2 Santos Cruz, Sara (2020) O Mundo ao Contrário - Uma reflexão sobre as alterações climáticas 
e o envolvimento dos cidadãos, Cadernos de Urbanismo nº 3, APU - Associação Portuguesa de 
Urbanistas. https://apupt.files.wordpress.com/2020/07/cadernos_do_urbanismo_n3-2.pdf 
Description: This is an opinion article that discusses the importance of citizen involvement in climate 
change, in particular in climate adaptation. It is structured in three main topics: (1) New themes and 
new leaders – referring to the importance of climate change issues in urban politics and the role of 
citizens to take action; (2) New challenges and new approaches – discussing the different bottom-up 
approaches in governing climate change adaptation, and finally (3) New forms of citizens 
involvement – arguing for the growing importance of citizen involvement and participation, 
especially with the use of new technologies. In this last topic, the project ‘citizen sensing’ is briefly 
presented to exemplify its potential in climate adaptation, through a participatory risk management 
system. 

 
A2 Monteiro, A., Cruz, A., Conceição, P., Gonçalves, P., Malafaya, F. (2018). Citizen Sensing: pode 
um Sistema participativo de gestão de risco contribuir para a resiliência urbana?. In Fernandes, J. R., 
Olcina, J., Fonseca, M. L., Costa, E. M., Garcia, R., & Freitas, C. (2018). Livro de Atas do XVI Colóquio 
Ibérico de Geografia: Península Ibérica no Mundo: problemas e desafios para uma intervenção ativa 
da Geografia. XVI Colóquio Ibérico de Geografia, 5 a 7 de novembro de 2018, Lisboa. ISBN: 978-972- 
636-275-3 (E-Book) DOI: 10.33787/CEG20190003 
Description: This article presents the Citizen Sensing project, focusing on its potential to strengthen 
urban resilience and the capacity for adaptation in different local contexts. Some characteristics of 
adaptive governance presented by Munaretto, et al. (2014) are highlighted to frame this perspective, 
including learning (social memory) and participation (citizens' perspective). The paper further 
discusses the difficulties inherent to these processes, from the uncertainty and inertia of the 
processes that lead to citizens' skepticism, to the reluctance to participate. In this sense, awareness- 
raising and debate workshops on the main issues associated with climate change (CA) were proposed 
in the project to increase awareness and knowledge. 

 
A2 3 Master’s theses related to WP 4 (Sensor Development and Data Collection), Linköping 
University (Supervisor Prof. Jacob Wikner). Development of methods to read out sensor values from 
remote and close range. 
• Samir Sabah, 83% Efficient ASIC Wireless Power Transfer from NFC for Implantable Sensors 
(LiTH-ISY-EX--20/5337—SE) 
• Sara Svensson, Robust Sensor Nodes for Smart Savannas - with a Specification in Water 
Quality (LiTH-ISY-EX--19/5202—SE) 
• Omid Tern, Investigation of water quality sensors (LiTH-IFM-EX—19/XXXX—SE) 
A2 9 Bachelor theses related to WP 4 (Sensor Development and Data Collection), Linköping 
University (Supervisor Prof. Jacob Wikner). Development of methods to read out sensor values from 
remote and close range. 
• Ivan Alrashid, A sound detetector for urban environments using LoRa 8 LiTH-ISY-EX-ET— 
20/0XXX—SE) 

https://apupt.files.wordpress.com/2020/07/cadernos_do_urbanismo_n3-2.pdf
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• Amir Ebrahimi, David Kihlberg; Wireless Gas Sensor Node Based on Lora (LiTH-ISY-EX-ET-- 
20/0496—SE) 
• David Yan Wu; Design and development of a low-energy consumption network for hospital 
environments (LiTH-ISY/ERASMUS-A—19/00X—SE) 
• Rasmus Oliv; GPS-Tracker with LoRa and BLE Communication 8 LiTH-ISY-EX-ET--19/0487—SE) 
• Jonathan Strandberg; Raspberry Pi-based low-power module to log environment parameters 
(LiTH-ISY-EX-ET--18/0476—SE) 
• Andreas Claesson; Power Circuit for a Self Sustained Environment Data Logger (LiTH-ISY-EX- 
ET--18/0478—SE) 
• Andrey Maleev; Implementation of a Prototype for Body-Coupled Communication Using 
Embedded Electronics (LiTH-ISY-EX-ET--18/0473—SE) 
• Guillem Erráez Castelltort; Implementation of BCC on a Wearable Tag, client side Wireless 
power transmission through NFC, (LiTH-ISY/ERASMUS-A—187/001X—SE) 
• Marc Garcia Vilanova; Implementation of BCC on a Wearable Tag, gateway side (LiTH- 
ISY/ERASMUS-A--17/006—SE) 
1 Master’s thesis related to WP 2 (Pilot Study Setup, Participatory Processes, and Evaluation), 
Linköping University (Supervisor Docent Julie Wilk) 
• Anna Renholm: Can Citizen Science motivate and engage citizens in climate change and 
adaptation issues? (2019) MSc thesis. Master Program in Science for Sustainable Development. 
Linköping University. Sweden. 

 

A3: Project document with public access 
 

A3 3 Reports: Wilk et al, Stakeholder interaction manual; Part I, II and III (D2.1, D2.4, D2.7) 
Available at: http://citizensensing.eu 
Description: Policy brief, discussing whether a Participatory Risk Management System can inform 
local adaptive governance for urban climate resilience. 

A4: Project document with access reserved to project partners 

Project deliverable reports: 
D1.1 Citizen Sensing Communication Plan 
D1.3 final report presenting the synthesis of the project results 
D2.2 Local Governance Strategies related to Climate Risk Management 
D2.3 Summary brief of outcomes based on the 1st round of stakeholder interactions 
D2.5 Summary brief of outcomes based on the 2nd round of stakeholder and enduser interactions 
D2.6 Internal Summary Report of PRMS Monitoring 
D2.8 Summary brief of outcomes from the Multi-stakeholder forums 
D3.1 Prototype of the PRMS app 
D3.2 Report on the set of interactive functions and visualization techniques for the mobile 
application and the web portal 
D3.3 a set of prototypes of PRMS 
D3.4 the final PRMS as well as a scientific paper on architecture, functionality, and evaluation with 
end users. 
D4.1 Assessment of sensors to be used for CitizenSensing applications 
D4.2 Description of the data collection platform and methods to collect sensor data 
D4.3 towards milestone M4.3 “Setup of a wireless sensor network in the lab” 
D4.4 A report compiling the results employing a wireless sensor network in the field 
D4.5 Vulnerability of sensors in the field 

http://citizensensing.eu/
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B. Datasets that can be used as input to deliver a climate service 

B1: Dataset in open access 

Netatmo generated Humidex Degree Hours (HDH) for Rotterdam, the Netherlands, 2019. 
doi:10.18712/NSD-NSD2929-V1 

B2: Dataset accessible via a license without fee 

Blue Spot mapping of Trondheim: 
https://www.arcgis.com/home/webmap/viewer.html?webmap=1c13df0ae1884d9087e3752f5d7d84 
d9 

 

B3: Dataset accessible via a license with a fee 
none 

 
B4: Dataset accessible only to project partners or specific users 

 
• CitizenSensing web portal, access to the collected datasets – only accessible to project 
members. 
• Vulnerability Mapping for Porto for Heat/temperature (University of Porto) 

 
 

C. Software that can be used to deliver a climate service 
 

C4: Software accessible only to project partners or specific users 
 

C4 CitizenSensing web application to enable citizens to report on their climate-related 
observations and to let them examine such observations done by other individuals. The tool is also 
intended to provide the users with adaptation measures that concern reported threats. 
http://citizensensing.eu/cs 

 

C4 CitizenSensing web portal to provide users with reported observations. The tool is also 
intended to facilitate low-level data examination. http://citizensensing.eu/portal 

 

C4 CitizenSensing interfaces for visual data exploration (CS-VAI) designed to enable more 
flexible and detailed visual exploration and visual analysis of the data collected and used in the 
Citizen Sensing project. 

 
C4 The prototype of CitizenSensing WayFinder to be available for project partners. The software 
has been developed exclusively for the CitizenSensing project; however, it is going to be used as the 
project’s legacy to foster further studies on context-aware route planners. 

 
 
 

D. Full service ready to operate 
 

D1: Interactive Web Site (name and webaddress) 

https://www.arcgis.com/home/webmap/viewer.html?webmap=1c13df0ae1884d9087e3752f5d7d84d9
https://www.arcgis.com/home/webmap/viewer.html?webmap=1c13df0ae1884d9087e3752f5d7d84d9
http://citizensensing.eu/cs
http://citizensensing.eu/portal
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D1/F1: The CitizenSensing web portal provides citizens and decision makers with access to the 
climate-related reportings collected in the CitizenSensing project campaigns. Our intention is to 
continue operating the service without the need of external funding. 
http://citizensensing.eu/portal 

 

D2/F1 OR F2: The CitizenSensing mobile app 
 

http://citizensensing.eu/#app (access via a link on the citizensensing.eu project website) 
 

E1: A network of stakeholders that can be mobilized to continue the development of a service 
 

Stakeholder network in particular in Porto (Porto Digital, Civil Protection, municipality) and 
Norrköping (strategic group for climate adaptation) 

 
E2 Experiences and acquired know-how from various case studies (but if the 
legacy of this experience consists only in text documents, file it in the A category) 

 
E3 Resource for educational activities or capacity building not falling into the above categories 
(any educational material presented as text should rather be filed in the A category) 
• YouTube demo-videos on two applications in Norwegian, 
o The CitizenSensing web application: https://youtu.be/PtjtDA31evU 
o The Wayfinder routing tool: https://youtu.be/kTo7bxLd-9c 
• Course modules including lectures and projects at NTNU Trondheim, Geography 
• Course modules including lectures and exercises held at the Masters program Science for 
Sustainable Development, and in Geography, Linköping University 
• Lectures and assignments for Masters students at University of Porto 
• Lecture for Masters students at Munich University 

E5: Other (explain) 

Establishing a joint research project with National Forensic Center (Sweden) and an industrial Ph.D. 
student examining the use of home automation systems and how to use weather data and sensor 
data for forensic analyses (Linköping University, Prof. Wikner). 

http://citizensensing.eu/portal
http://citizensensing.eu/#app
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CLIM2POWER Climate information for power plant operations 
 

https://clim2power.com 
 

Project main objective: Translating climate data into useful information for decision-making in the 
power sector. 

 
Name and organization of the Lead PI: CENSE – Centre for Environmental and Sustainability 
Research Energy and Climate, Associação para a Inovação e Desenvolvimento da FCT NOVA 
University of Lisbon, Portugal, currently at LNEG – National Energy and Geology Laboratory 

 

List of other research institutes involved in the project: 
ACTeon, France 
ARMINES Centre de Mathématiques Appliquées de Mines ParisTech, France 
ARMINES Centre Observation, Impacts, Energie de MINES ParisTech, France 
Centre for Marine and Renewable Energy (MaREI), Environmental Research Institute, University 
College Cork, Ireland 
Deutscher Wetterdienst, Germany 
EDP-Eletricidade de Portugal, Portugal 
Fundação da Faculdade de Ciências da Universidade de Lisboa, Portugal 
Institute for Sustainable Economic Development, University of Natural Resources and Life Sciences, 
Austria 
Institute of Water Management, Hydrology and Hydraulic Engineering, University of Natural 
Resources and Life Sciences, Austria 
Luleå University of Technology, Sweden 
Wien Energie, Austria 

 
List of supporting RFOs: BMWFW - Bundesministerium Für Wissenschaft, Forschung und Wirtschaft 
(AT); ANR- Agence Nationale da la Recherche (FR); DLR - DEUTSCHES Zentrum Für Luft- Und 
Raumfahrt (DE); EPA – Environmental Protection Agency of Ireland (IE); FCT – Fundação para a 
Ciência e Tecnologia (PT); FORMAS Statligt Forskningsråd för Hållbar Utveckling (SE). 

 
A1: Articles in scientific peer-reviewed journals 

 
A1. Saint-Drenan, Y.M., Besseau, R., Jansen, M., Staell, I., Troccoli, A., Dubus, L., Schmidt, J., 

Gruber, K., Simoes, S.G., Heier, S. (2020) A parametric model for wind turbine power curves 

incorporating environmental conditions. Renewable Energy Journal (157) pp. 754-768 

https://doi.org/10.1016/j.renene.2020.04.123 This paper presents a new approach to translate 

seasonal and long term climate data into wind power plant capacity factors. 

A1. Baumgartner, J., Schmidt, J., Gruber, K., Simoes, S.G., Saint-Drenan, Y-M., (2020). Less 

Information, Similar Performance: Comparing Machine Learning-Based Time Series of Wind Power 

Generation to Renewables.ninja. Energies 13(9), 2277; https://doi.org/10.3390/en13092277 This 

paper compares the quality of results obtained by using two alternative approaches (machine 

learning and mathematical models) to predict amounts of wind power produced using a seasonal 

forecast. Machine learning is found as having a similar performance while requiring less inout 

information. 

https://clim2power.com/
https://doi.org/10.1016/j.renene.2020.04.123
https://doi.org/10.3390/en13092277
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A1. Amorim, F., Simoes, S.G., Siggini, G., Assoumou, E. (2020) Integrating Climate Variability in 

energy system models. Energy (206) https://doi.org/10.1016/j.energy.2020.118089 This paper 

presents a new detailed power model for Portugal capable to integrate the detailed seasonal 

forecast and climate projections. 

A1. Ostermöller, J. Lorenz, P., Fröhlich, K., Kreienkamp, F., Früh, B. (2021) Downscaling and 

evaluation of seasonal climate data for the European power sector. Atmosphere 12(3), 304. 

https://doi.org/10.3390/atmos12030304 This paper presents a new approach to downscale seasonal 

forecasts for Europe and assess its skill. 

A1. Simoes, S.G., Amorim, F, Siginni, G., Sessa, V., Saint-Drenan, Y-M., Carvalho, S., Mraihi, H., 

Assoumou, E. (2021) Climate proofing the renewable electricity deployment in Europe - introducing 

climate variability in large energy systems models. Energy Strategy Reviews (35) 100657 

https://doi.org/10.1016/j.esr.2021.100657. This paper presents impacts on the European power 

sector when climate projections are considered instead of historic climate trends. At EU level it is 

found that in overall terms there are no substantial modifications, however, impacts in role of solar, 

wind and hydro (and subsequently on electricity trade) are very high for some countries, as Sweden 

or Romania. 

A1. Fortes, P., Simoes, S. G., Amorim, F., Siggini, G., Sessa, V., Saint-Drenan, Y-M., Carvalho, S., 

Mujtaba, B., Diogo, P., Assoumou, E. (2021). How sensitive is a carbon neutral power sector to 

climate change? Interplay between hydro, solar and wind for Portugal. Energy Journal 

(https://doi.org/10.1016/j.energy.2021.122106. This paper assesses the role of wind, hydro and solar 

power for a carbon-neutral power sector in Portugal and concludes that solar PV and onshore wind 

loose cost-effectiveness under climate change compared to offshore wind power. 

 
A1. Ignacio at al (n.d.) Seasonal forecasts of discharge in the Upper Danube upstream of Vienna 

(being submitted). This paper analyses usability of seasonal discharge forecasting to incorporate the 

results into water resources decision support systems within the studied Alpine basins. The 

conclusion is that the skill of seasonal forecasts is not good enough yet. 

 

A1. Vezzani. G. (2021) Effects of Climate Change on Power Supply: Long-term Analysis for the 

Portuguese Study Case. MSc Thesis of MSc Programme in Engineering and Energy Management 

[Mestrado Bolonha em Engenharia e Gestão da Energia]. IST – Instituto Superior Técnico of Lisbon 

University. Supervisor: Patrícia Fortes (CENSE, NOVA University Lisbon) and Susana Vieira (IST – 

Lisbon University). https://fenix.tecnico.ulisboa.pt/cursos/mege/dissertacao/1691203502343933 
 

A1. Sessa, V., Assoumou, E., Bossy, M., Carvalho, S., Simoes, S.G. (n.d.) Analysing the Effects of a 

Finer Spatial Resolution in Random Forest Models for Run-of-River Hydropower Generation. 

(submitted Septeber 2021 to Clean Technologies Journal). This paper presents the approach and 

results for translating climate data into national hydropower capacity factors. 

 
A1. Oliveira, A., Carvalho, S., Coelho, R., Amorim, F, Siginni, G., Sessa, V., Saint-Drenan, Y-M., 

Carvalho, S., Mraihi, H., Assoumou, E., Lourenço, T., Simoes, S.G., (n.d.) Development of the Climate 

Adaptation Action Index for the Power Sector of eight European Regions and analysis of its 

evolution. (under preparation) 

https://doi.org/10.1016/j.energy.2020.118089
https://fenix.tecnico.ulisboa.pt/cursos/mege/dissertacao/1691203502343933
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A1. Krook-Riekkola, A., Fortes, P., Hajizadeh, S., Mujtaba, B., Diogo, P., Sessa, V., Martin-Santos, 

I., Schmidt, J, Holzmann, H., Simoes, S.G., et al. Bias correction of climate data for energy models. 

(under preparation). This paper focuses the varied bias correction approaches adopted in the 

different national case-studies. 

 

 
A2: Article / Book intended for large audiences 

 
A2. 1 factsheet on long-term climate modelling (available online on our website 

https://clim2power.com/outputs/promotional-material/) by Silvia Carvalho and André Oliveira 

(FC.ID, Lisbon University) 

 
A2. three infographics for non-technical public available by Amy Dozier and Yairen Columbie 

(UCC), Gildas Siggini and Edi Assoumou (ARMINES-CMA), Camille Parrod (ACTEON) and Sofia Simoes 

(LNEG and CENSE-NOVA University). The infographics show results at European for (1) amount of 

electricity generated with solar, wind and hydro under climate change; (2) variation in carbon 

intensity of generated electricity across Europe in 2030 considering climate projections and (3) 

impacts of climate change in electricity trade across Europe in 2050. http://viewer.webservice- 

energy.org/clim2power/index.html 
 

A3: Project documents with general interest for public access 
 

The following project deliverables have public access: 

A3. D1.4 Final User Requirement Report– European and Regional 
A3. D2.4 Evaluation report on the quality of downscaled data 
A3. D2.6 Report on the functionality and performance of the new method including bias 
correction methodology 
A3. D2.7 Evaluation report on the selection and processing requirements of long-term climate 
data for modelling the provision of energy from RES 
A3. D3.2 Simulation framework for bias corrected wind and solar PV for the whole of Europe 
A3. D3.3 Simulation framework for electricity demand, depending on temperature, for the whole 
of Europe 
A3. D3.4 Report on methodologies applied in all case studies, on cross-validation, and on bias 
correction 

 
Presentations, posters and papers in scientific events 

 
A3. Fortes, P., Simoes, S.G., Brás, T. (2021). Competing water uses between agriculture and 

energy: Quantifying the future impacts of climate change for the Portuguese power sector. 16th 

SDEWES Conference of Sustainable Development of Energy, Water and Environment Systems, 10-15 

October 2021, Dubrovnik, Croatia https://www.dubrovnik2021.sdewes.org/ 

 

 
A3. Sessa, V., Assoumou, E., Simoes, S.G. (2020) AI for smart and climate resilient energy 

systems: the challenges of learning and forecasting hydropower production time series at local and 

global scale in Europe. SOPHI.A Summit – Springboard for Artificial Intelligence, University Côte d’ 

Azur, 17-21 Nov 2020 Sophia Antipolis, France. https://univ-cotedazur.fr/events-uca/sophia-summit 

https://clim2power.com/outputs/promotional-material/
http://viewer.webservice-energy.org/clim2power/index.html
http://viewer.webservice-energy.org/clim2power/index.html
http://www.dubrovnik2021.sdewes.org/
https://univ-cotedazur.fr/events-uca/sophia-summit
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A3. Fortes, P., Simoes, S.G., Amorim, F., Siggini, G., Sessa, V., Saint-Drenan, Y-M., Carvalho, S., 

Mujtaba, B., Diogo, P., Assoumou, E. (2020) How sensitive is a carbon neutral power sector to 

climate change? Interplay between hydro, solar and wind for Portugal. EMP-E 2020 – Modelling 

Climate Neutrality for the European Green Deal. 6th-8th October 2020, online conference. 

http://www.energymodellingplatform.eu/emp-e-2020.html (POSTER) 
 

A3. Siggini, G., Simoes, S.G., Assoumou, E., Demassey, S. (2020) Cost-optimal role of wind and 

solar power in Europe under climate change. EMP-E 2020 – Modelling Climate Neutrality for the 

European Green Deal. 6th-8th October 2020, online conference. 

http://www.energymodellingplatform.eu/emp-e-2020.html (POSTER) 
 
 

A3. Simoes, S.G. (2018). Clim2Power Project - Translating climate data into power plants 

operational guidance. 2nd Copernicus Climate Change Service (C3S) Symposium for the Energy 

Sector. 5-6 March 2018, Paris, France. https://climate.copernicus.eu/sites/default/files/2018- 

11/C3S_2nd_Energy_Symposium_20180306_1210_Simoes.pdf 

A3. Baumgartner, J., Höltinger, S., Schmidt, J. (2018) Evaluation of technical modelling 

approaches for data pre-processing in machine learning wind power generation models. Poster. 

EGU Conference, 8-13 Apr, Vienna. https://meetingorganizer.copernicus.org/EGU2018/EGU2018- 

14305.pdf 
 

A3. Baumgartner, J., Schmidt, J., Gruber, K. (2019) Using machine learning to predict renewable 

electricity generation, electricity demand, and electricity prices from climate data. EGU Conference, 

7-12 Apr, Vienna. https://meetingorganizer.copernicus.org/EGU2019/EGU2019-9567.pdf 
 

A3. Simoes, S. et al (2019). CLIM2POWER Project – co-developing a climate service for the 

European power system. ECCA 2019, 28-31 May, Lisbon. https://www.ecca2019.eu/clim2power- 

project-d-co-developing-a-climate-service-for-the-european-power-system/ 
 

A3. Beça, P., Simoes, S.G., Mujtaba, B., Diogo, P., Amorim, F., Carvalho, S., Paes, P. (2019). 

CLIM2POWER Project: Seasonal forecasting for hydropower capacity in the Douro river basin - 

Portuguese case study. POSTER. ECCA- European Climate Change Adaptation Conference, 28-31 

May, Lisbon, Portugal. 

A3. Simoes, S.G., Amorim, F. (2019) CLIM2POWER Project. JPI Connecting Climate Knowledge for 

Europe - Climate services: state of affairs, relevance for users and the way forward. JPI Climate side 

event at ECCA- European Climate Change Adaptation Conference, 27 May, Lisbon, Portugal. 

https://www.ecca2019.eu/programme/climate-services-state-of-affairs-relevance-for-users-and-the- 

way-forward/ 
 

A3. Amorim, F., Simoes, S.G., Siggini, G., Assoumou, E. (2019) Clim2Power - Integrating climate 

data on a highly resolved TIMES model. 75th semi-annual ETSAP Meeting, 7th June 2019, Paris 

A3. Ostermöller, J., Lorenz, P., Kreienkamp, F., Fröhlich, K., Martin-Santos, I., Holzmann, H., 

Herrnegger, M., Simoes, S.G. (2019). Generating highly resolved seasonal forecasts for hydropower 

and energy system modelling in the CLIM2POWER project. EMS- European Meteorological Society 

Annual Meeting 2019. 9-13 September, Technical University of Denmark (DTU) Lyngby, Denmark. 

(POSTER), https://www.emetsoc.org/events/event/ems-annual-meeting-2019/ 

http://www.energymodellingplatform.eu/emp-e-2020.html
http://www.energymodellingplatform.eu/emp-e-2020.html
https://climate.copernicus.eu/sites/default/files/2018-11/C3S_2nd_Energy_Symposium_20180306_1210_Simoes.pdf
https://climate.copernicus.eu/sites/default/files/2018-11/C3S_2nd_Energy_Symposium_20180306_1210_Simoes.pdf
https://meetingorganizer.copernicus.org/EGU2018/EGU2018-14305.pdf
https://meetingorganizer.copernicus.org/EGU2018/EGU2018-14305.pdf
https://meetingorganizer.copernicus.org/EGU2019/EGU2019-9567.pdf
https://www.ecca2019.eu/clim2power-project-d-co-developing-a-climate-service-for-the-european-power-system/
https://www.ecca2019.eu/clim2power-project-d-co-developing-a-climate-service-for-the-european-power-system/
https://www.ecca2019.eu/programme/climate-services-state-of-affairs-relevance-for-users-and-the-way-forward/
https://www.ecca2019.eu/programme/climate-services-state-of-affairs-relevance-for-users-and-the-way-forward/
https://www.emetsoc.org/events/event/ems-annual-meeting-2019/
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A3. Sessa, V. Assoumou, E., Bossy, M. (2019) Modeling the climate dependency of the run-of- 

river based hydro power generation using machine learning techniques: an application to French, 

Portuguese and Spanish cases. EMS – European Meteorological Society Annual Meeting 2019. 9-13 

September 2019, EMS Annual Meeting Abstracts Vol. 16, EMS2019-238, 2019.Copenhagen, 

Denmark. https://www.emetsoc.org/events/event/ems-annual-meeting-2019/ 

A3. Holzmann, H. (2019) Short term and seasonal forecasts of hydro-power production by 

means of hydro-meteorological prediction. Scientific Symposium Future Trends in Civil Engineering. 

17 October 2019, Zagreb, Croatia. http://www.grad.hr/ftce/2019/index.php#programme 
 

A3. Thuilliez, M, Sessa V., Bossy, M., Assoumou, E., Simões, S. (2019) Stochastic Model for the 

Uncertainties in the Long-Term Prediction of Run-of-River Hydropower Generation. PGMO Days 

2019, 1-2 December 2019, Paris, France. https://www.fondation- 

hadamard.fr/sites/default/files/public/bibliotheque/PGMO/PGMO-2019-booklet.pdf 
 

A3. Simoes, S.G., Assoumou, E., Siggini, G., Carvalho, S., Oliveira, A., Amorim, F., Fortes, P., Saint- 

Drenan, Y-M., Sessa, V., Beça, P., Diogo, P., Mujtaba, B., Lourenço, T., Paes, P., (2020). Assessing 

climate change impacts in the European and Portuguese power sector. POSTER. Encontro Nacional 

de Investigação em Alterações Climáticas [National Meeting on Climate Change Research], 17-18 

February 2020, Lisbon University, Lisbon 

 
Papers in conference proceedings 

 
A3.        Fortes, P., Simoes, S.G., Amorim, F. (2021). How the future climate affects the portfolio of the 

future Portuguese power sector. APEEN2021 Conference - Energy Transition and Sustainability - 5th 

Annual Conference of the Portuguese Association of Energy Economics, 20-21st January, online event. 

https://apeen2021.cense.fct.unl.pt/ 

A3. Simoes, S.G., Amorim, F., et al (2019). Clim2power - Translating climate data into power 

plants operational guidance. ICEE 2019- 4th International Conference on Energy and Environment: 

bringing together Engineering and Economics, 16-17 May 2019, Guimarães, Portugal. 

https://coutin68.wixsite.com/icee2019 

A3. Amorim, F., Simoes, S.G. Assoumou, E., Siggini, G. (2019). Introducing Climate Variability in 

Energy Systems Modelling. ICEE 2019- 4th International Conference on Energy and Environment: 

bringing together Engineering and Economics, 16-17 May 2019, Guimarães, Portugal. 

https://coutin68.wixsite.com/icee2019 
 

A3. Sessa, V., Carvalho, S. Assoumou, E. (2019) Variability of long-term estimates of hydro 

power generation on a European scale. ICAE 2019 - 11th International Conference on Applied 

Energy, 12-15 August 2019, Västerås, Sweden. http://www.applied-energy.org/icae2019/ 
 

A3. Martin Santos, I; Herrnegger, M; Holzmann, H; Fröhlich, K; Ostermüller, J(2020): Seasonal 
forecasts of discharge in the Upper Danube upstream of Vienna. [EGU General Assembly 2020, 
Online, MAY 4-8, 2020] In: European Geosciences Union (EGU), Geophysical Research Abstracts, 
EGU2020-135 

 
A3. Holzmann, H.; Martin Santos, I.; Herrnegger, M. (2019): Short term and seasonal forecast of 

hydro-power production by means of hydro-meteorological predictions. [Future Trends in Civil 

Engineering, Zagreb, Croatia, Okt 17, 2019] In: Mandic Ivancovic, A.; Lukasic, S. (Eds.), Future Trends 

in Civil Engineering; ISBN: 978-953-8168-36-9 FullText 

https://www.emetsoc.org/events/event/ems-annual-meeting-2019/
http://www.grad.hr/ftce/2019/index.php#programme
https://www.fondation-hadamard.fr/sites/default/files/public/bibliotheque/PGMO/PGMO-2019-booklet.pdf
https://www.fondation-hadamard.fr/sites/default/files/public/bibliotheque/PGMO/PGMO-2019-booklet.pdf
https://apeen2021.cense.fct.unl.pt/
https://coutin68.wixsite.com/icee2019
https://coutin68.wixsite.com/icee2019
http://www.applied-energy.org/icae2019/
https://forschung.boku.ac.at/fis/suchen.publikationen_uni_autoren?sprache_in=en&menue_id_in=102&id_in&publikation_id_in=132332
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A3. Martin Santos, I; Herrnegger, M; Ostermüller, J; Fröhlich, K; Holzmann, H (2019): Analysis of 

seasonal hindcasts for mean-term hydrological forecasting inthe Upper Danube River Basin. [EGU 

2019 - European Geosciences Union, General Assembly 2019, Vienna, Austria, 07.04.2019 - 

12.04.2019] In: European Geosciences Union (EGU), Geophysical Research Abstract, Vol. 21, 

EGU2019-15082-1, 2019 FullText 

A3. Martin Santos, I; Herrnegger, M; Ostermüller, J; Fröhlich, K; Holzmann, H (2019): Seasonal 

Runoff Forecasting for the Danube upstream of Vienna. [HydroCarpath International Conference, 

Vienna, Austria, Nov 14, 2019] In: Péter Kalicz, Kamila Hlavcoá, Silvia Kohnová, Viera Rattayonvá, 

Zoltán Gribovski (Eds.), HydroCarpath International Conference, Abstracts, University of Sopron 

Press; ISBN: 978-963-334-349-4 

 

 
Other 

 
A3. Translating Climate Data into Power Plant Operational Guidance - Webservice support 

information, available at: http://viewer.webservice-energy.org/clim2power/index.html This 

document presents the approach used to generate the seasonal and long-term power sector 

indicators. Authors are: Sofia G. Simoes1, Edi Assoumou2, Filipa Amorim1, Kristina Fröhlich3, Jennifer 

Ostermoeller3, Sílvia Carvalho4; Yves-Marie Saint-Drenan5, Gildas Siggini2, Valentina Sessa2, Benoit 

Gschwind5, Camille Parrod6, Johannes Schmidt7, Hubert Holzmann8, Ignácio Martín-Santos8, Mathew 

Herrnegger8. Authors List: 1. LNEG – National Energy and Geology Laboratory; 2. Centre de 

Mathématiques Appliquées (CMA), MINES ParisTech, Sophia Antipolis; 3. DWD; 4. Climate Change 

Impacts, Adaptation and Modelling group (CCIAM-cE3c), Faculty of Sciences, University of Lisbon, 

Portugal; 5. Centre for Observation, Impacts, Energy (OIE) MINES ParisTech, PSL Research University, 

Sophia Antipolis; 6. ACTEON; 7. BOKU-DSS; 8. BOKU-IWHW; 

 

A4: Project document with access reserved to project partners or specific users 
The following project deliverables have access reserved to project partners: 

• D1.1 Literature Review and Methodology Report 

• D1.2 Draft User Requirement Report – European 

• D1.5 Usability Evaluation Framework Report 

• D2.4 Evaluation report on the quality of downscaled data 

• D4.6 Power systems web service functional specification 

• D4.7 Report on the development of a data service module for long-term projection of CC 

impacts on the provision of energy from RES 

• D5.1 Detail data flow documentation of individual modules 

• D5.4 Final report on end-user tests and feedback on the web service (this is being finalised 

and it may still be made public) 

• D6.1 Outreach and Promotion Plan: Version 1 Communication strategy & guidance document 

• D6.4 Data Management Plan 

• D7.1 Project guidelines 

• D7.2 Initial and final quality assurance and risk management plan 

• D7.3 Minutes of Steering Committee meetings 

http://viewer.webservice-energy.org/clim2power/index.html
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B. Datasets that can be used as input to deliver a climate service 

B1: In open access 

B1. Available online in our webservice (http://viewer.webservice-energy.org/clim2power/index.html) 

for each country in Europe for the next season (spring, summer, fall and winter 2020), 2030 and 2050 

for “representative” days of spring, summer, fall and winter, for 3hr time slots within each day (0-3h, 

3h-6h and so forth): 

o % electricity generated from renewable energy sources (RES) 

o Carbon intensity in gCO2/kWh (only for 2030 and 2050) 

o CO2 emissions of the power sector in tonnes CO2 (only for 2030 and 2050) 

o Total generated electricity in GWh 

o Total electricity generated from solar in GWh 

o Total electricity generated from wind in GWh 

o Total electricity generated from hydropower in GWh 

o % electricity generated from solar 

o % electricity generated from wind 

o % electricity generated from hydropower 

Authors are: Sofia G. Simoes1, Edi Assoumou2, Filipa Amorim1, Kristina Fröhlich3, Jennifer 

Ostermoeller3, Sílvia Carvalho4; Yves-Marie Saint-Drenan5, Gildas Siggini2, Valentina Sessa2, Benoit 

Gschwind5, Camille Parrod6. Authors list : 1. LNEG – National Energy and Geology Laboratory; 2. 

Centre de Mathématiques Appliquées (CMA), MINES ParisTech, Sophia Antipolis; 3. DWD; 4. Climate 

Change Impacts, Adaptation and Modelling group (CCIAM-cE3c), Faculty of Sciences, University of 

Lisbon, Portugal; 5. Centre for Observation, Impacts, Energy (OIE) MINES ParisTech, PSL Research 

University, Sophia Antipolis; 6. ACTEON 

 

B4: Accessible only to project partners 
1. B4. Maximum daily capacity factors for electricity generation from solar power for NUT2 

over Europe (NUTs 4 for the case of Portugal) for 2030, 2050 and for the seasonal forecasts 

from DWD for 2019 and 2020. Authors: Yves-Marie Saint-Drenan (ARMINES-OIE) 

2. B4. Maximum daily capacity factors for electricity generation from onshore wind power for 

NUT2 over Europe 2030, 2050 and for the seasonal forecasts from DWD for 2019 and 2020. 

Authors: Yves-Marie Saint-Drenan (ARMINES-OIE) 

3. B4. Maximum daily capacity factors for electricity generation from offshore wind power for 

96 maritime regions (obtained by intersecting the International Hydrographic Organization 

sea limits and Exclusive Economic Zones) for 2030, 2050 and for the seasonal forecasts from 

DWD for 2019 and 2020. Authors: Yves-Marie Saint-Drenan (ARMINES-OIE) 

4. B4. Maximum hourly capacity factors for electricity generation from hydro power for each 

country in Europe for 2030, 2050 and for the seasonal forecasts from DWD for 2019 and 

2020. Authors: Valentina Sessa and Edi Assoumou (AMRINES-CMA) 

• B4. D2.1 “Toy” data set: downscaled time series of bias-corrected climate data from the 

global reanalysis data (only regional model output, no statistical ensemble generation yet). 

Authors: Kristina Fröhlich and Jennifer Ostermoeller (DWD) 

• B4. D2.2a Interim Data set of remapped seasonal forecast data. Authors: Kristina Fröhlich 

and Jennifer Ostermoeller (DWD) 

http://viewer.webservice-energy.org/clim2power/index.html
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• B4. D2.2.b Statistically downscaled (SD) time series of climate data from the global 

seasonal forecasts (ensemble). Authors: Kristina Fröhlich and Jennifer Ostermoeller (DWD) 

• B4. D2.3 Tailored dataset of climate change scenarios. Authors: Sílvia Carvalho (FC.ID) 

 
C. Software that can be used to deliver a climate service 

C1: In open access 

C1.     Dispa-SET model which is an open-source unit commitment and optimal dispatch model suited 

to study the balancing of European power grids and used in Clim2power for the seasonal analysis. 

Dispa-SET is mainly developed within the Joint Research Centre of the EU Commission in close 

collaboration with the University of Liège and the KU Leuven (Belgium). Within Clim2power, the 

existing Dispa-SET model was calibrated for the whole of Europe and each individual country for the 

year of 2019, using ENTSO-E data. This is major achievement requiring substantial work. More 

information on the model can be obtained here: http://www.dispaset.eu/en/latest/. The model 

results include dispatched power, the shed load and the curtailed power generation. The binary 

variables are the commitment status of each unit. The model considers minimum and maximum power 

for each unit; power plant constraints as minimum power, ramping limits, Minimum up/down times, 

start-up, no-load costs; curtailment; pumped-hydro storage and the functioning of non-dispatchable 

units (e.g. wind turbines, solar PV, run-of-river, etc.), among other. In Clim2power special attention 

was paid to integrated mid-term scheduling and short-term optimal dispatch considering the 

available seasonal forecasts. The model will be made available upon request. Authors: Edi Assoumou 

(ARMINES-CMA). 

C2: Accessible via a license without fee 
Not applicable 

C3: Accessible via a license with a fee 
 

C3. eTIMES-EU power sector technology optimisation model allowing to model the climate impacts 

over the EU interconnected power sector. The model will be made freely available upon request, but 

optimisation software and interface software need to be acquired by users (namely C- PLEX, GAMS 

and VEDA, which can be bought from ETSAP( https://iea-etsap.org/index.php/etsap- tools/acquiring-

etsap-tools). The new eTIMES-EU model was developed in Clim2power for the whole of EU covering 

only the power sector (eTIMES-EU) which, as for any TIMES family models, has intertemporal 

optimization, and minimizes the total discounted cost. eTIMES-EU has 29 regions, representing all 

countries in continental European Union (thus, it excludes Cyprus and Malta), plus Norway, Switzerland 

and Iceland. Authors: Edi Assoumou, Gildas Siggini (ARMINES-CMA). 

C4: Accessible only to project partners 
 

C4. eTIMES-PT power sector technology optimisation model allowing to model the climate 

impacts over the Portuguese power sector. Authors: Edi Assoumou, Gildas Siggini (ARMINES-CMA), 

Filipa Amorim, Sofia Simões (LNEG and NOVA University) and Patrícia Fortes (Nova University). 

D. Full service ready to operate 

D1: Interactive Web Site 

http://www.dispaset.eu/en/latest/
https://iea-etsap.org/index.php/etsap-tools/acquiring-etsap-tools
https://iea-etsap.org/index.php/etsap-tools/acquiring-etsap-tools
https://iea-etsap.org/index.php/etsap-tools/acquiring-etsap-tools
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D1. Clim2Power Climate Web Service available at: http://viewer.webservice- 

energy.org/clim2power/index.html which provides information on how seasonal forecasts and climate 

projection impact the interconnected European power sector for the next season, 2030 and 2050. This 

web service provides useful information for seasonal and long-term decision support in the European 

power sector, disaggregated at national level. Following requests made by different categories of end-

users (e.g. power companies, policy makers), diverse outputs are available to respond to different 

needs, namely: 3 infographics, short 5page report, downloadable data and interactive map view that 

allows looking into results at national, regional or European level. 

Authors of climate service: Sofia G. Simoes1, Edi Assoumou2, Filipa Amorim1, Kristina Fröhlich3, Jennifer 

Ostermoeller3, Sílvia Carvalho4; Yves-Marie Saint-Drenan5, Gildas Siggini2, Valentina Sessa2, Benoit 

Gschwind5, Camille Parrod6, Johannes Schmidt7, Hubert Holzmann8, Johann Baumgartner7, Ignácio 

Martín-Santos8, Mathew Herrnegger8, Tim O’Higgins9, Amy Dozyer9, Yairen Jerez-Columbie9, Katherine 

Kopke9, Anna Krook-Riekkola10, Tiago Capela Lourenço4, Patrícia Fortes12, Paulo Diogo12, Babar 

Mujtaba12, Tarik Berrada13, Pedro Paes14. Authors list: 1. LNEG – National Energy and Geology 

Laboratory; 2. Centre de Mathématiques Appliquées (CMA), MINES ParisTech, Sophia Antipolis; 3. 

DWD; 4. Climate Change Impacts, Adaptation and Modelling group (CCIAM-cE3c), Faculty of Sciences, 

University of Lisbon, Portugal; 5. Centre for Observation, Impacts, Energy (OIE) MINES ParisTech, PSL 

Research University, Sophia Antipolis; 6. ACTEON; 7. BOKU-DSS; 8. BOKU-IWHW; 9. University College 

Cork; 10. Luleö Technical University; 12. NOVA School of Science and Technology of the NOVA 

University Lisbon; 13. Wien Energie; 14. EDP – Electricidade de Portugal 

 

F: Indicate also the intentions of the project consortium regarding the future of this service: 

F1: Continue operating the service without the need of external funding 

F1: The Clim2power webservice for whole of Europe will be maintained and updated for 2 years after 

the end of the project (till 30th December 2022). Partners have looked for funding to ensure that it 

remains available beyond that and can be expanded to other case studies. At this moment there are 

no developments with that endeavour. 

F2: Continue operating the service subject to external funding 
Not applicable to Clim2power. 

F3: Transfer the service to an operational actor, e.g. an operational public agency or a private 
company, or a mix of the above options) 
Not applicable to Clim2power. We did have conversations with Copernicus C3S and World Energy 

Meteorological Council to try to assess if it would be possible to transfer our webservice to them, but 

this does not seem to be feasible since substantial human resources are needed to operate the 

DISPASET and eTIMES-EU models. 

 

 
E. Other results not falling into the above categories 
E1: A network of stakeholders that can be mobilized to continue the development of a service 
NO. 

A network of stakeholders was established at EU level and in each country with a case study (Portugal, 

Sweden, France and Austria). The network includes energy and climate policy makers, power 

companies, national Met Office and environment policy makers, as well as energy and climate 

http://viewer.webservice-energy.org/clim2power/index.html
http://viewer.webservice-energy.org/clim2power/index.html
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researchers. We did not have much success engaging with power transmission system operators. 

However, the mobilization of this network to continue development of the climate service is not 

straightforward as the long-term analysis by its nature can only done once (2030 and 2050) and 

there is a strong perception on the limited skill of seasonal forecasts over Europe, especially regarding 

precipitation. There is some interest in exploring decadal projections, but no concrete actions are 

foreseen now. 

 

 
E2: Experiences and acquired know-how from various case studies (although this may also fall into 
type A if it is summarized as a text) 
We have not yet summarized these as text. Clim2power developed a web service over Europe that 

was complemented with 4 regional case studies: 

1) Portugal: Douro river basin, wind and solar power resources and whole power system 

(seasonal and long-term); 

2) Sweden: Lule älv river basin, wind and solar power resources and whole power system (long- 

term), 

3) Germany-Austria: the Danube river basin, wind and solar power resources and the German- 

Austrian market zone (seasonal); 

4) France: wind and solar power resources and the whole power system. The French case-study 

had to be modified substantially due to difficulties with ACTEON partner as communicated to 

ERA4CS. 

These case-studies reflect the varied EU contexts regarding climate, and hydrology, socio-economic 

settings, electricity generation portfolios and energy markets. In all national cases and the EU wide 

one. Varied experiences and know-how were acquired from each case-study, but at this stage we 

cannot summarise this yet. 

- E3: Resource for educational activities or capacity building not falling into the above categories 
 

E3. Factsheet on climate modelling made available in our project website in both English and 
Portuguese https://clim2power.com/outputs/promotional-material/ Authors: Silvia Carvalho and 
André Oliveira (FC.ID, Lisbon University) 
E3. Cartoon on different languages spoken by climate scientists and energy modeller scientists that 
has been used by other projects on climate and energy (see below). Author: Sofia G. Simoes (LNEG 
and NOVA University Lisbon) 

https://clim2power.com/outputs/promotional-material/
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CLIMALERT Climate Alert System for Sustainable Water and Agriculture 
 

http://climalert.eu 
 

The Climalert project aims at co-developing user-friendly tools (mobile APP and interactive web 
application) for proper risk management related to climate. These tools and the interaction with 
stakeholders aim to encourage the adoption of adaptive management strategies for water and 
agriculture, ameliorating the water use conflict, and delivering environmental and socio-economic 
benefits. 

 

Lead PI: Pascoal Cláudia, University of Minho, Portugal 

Partner Institutes: 

Instituto Português do Mar e da Atmosfera, IP, Portugal 
Helmholtz-Centre for Environmental Research, Germany 
Catalan institute for water research, Spain 

 

Research funding agencies: FCT, DLR, MINECO 

A. Written documents 

 
A1: Articles in scientific peer-reviewed journal 

A1 Llorens E, Ginebreda A, la Farré M, Insa S, González -Trujillo JD, Munné A, Solà C, Flò M, 

Villagrasa M, Barceló D, Sabater S (2020) Occurrence of regulated pollutants in populated 

Mediterranean basins: ecotoxicological risk and effects on biological quality. Science of the Total 

Environment 747:141224. DOI: 10.1016/j.scitotenv.2020.141224 

A1 Magarreiro C, Gouveia CM, Barroso CM, Trigo IF (2019) Modelling of Wine Production Using Land 

Surface Temperature and FAPAR—The Case of the Douro Wine Region. Remote Sens., 11, 604; 

doi:10.3390/rs11060604 

A1 Pace GP, Gutiérrez-Cánovas C, Henriques R, Boeing F, Cássio F, Pascoal C (2021) Remote 

sensing depicts riparian vegetation responses to water stress in a humid Atlantic region Science of 

the Total Environment 772:145526. https://doi.org/10.1016/j.scitotenv.2021.145526 

A1 Perujo N, van den Brink P, Segner H., Mantyka-Pringle C, Sabater S, Birk S, Bruder A, Romero 

F, Acuña V (2021) A guideline to frame stressor effects in freshwater ecosystems. Science of the Total 

Environment 777: 146112 https://doi.org/10.1016/j.scitotenv.2021.146112 

A1 Ramião JP, Cássio F, Pascoal C (2020) Riparian land use and stream habitat regulate water 

quality. Limnologica 82- 125762 https://doi.org/10.1016/j.limno.2020.125762 

A1 Sabater S, Elosegi A, Ludwig R (2021) Framing biophysical and societal implications of 

multiple stressor effects on river networks. Science of the Total Environment 753: 141973. 

DOI:10.1016/j.scitotenv.2020.141973 

A1 Witteveen NH, Freixa A, Sabater S (2020) Local and regional environmental factors drive the 

spatial distribution of phototropic biofilm assemblages in Mediterranean streams. Hydrobiologia 

847:2321–2336. DOI:10.1007/s10750-020-04258-2. IF: 2.32 

http://climalert.eu/
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A1 Tornés E, Colls M, Acuña V, Sabater S (2020) Duration of non-flow periods drives the 

structure and functional diversity of benthic diatoms in temporary streams. Science of the Total 

Environment 770, 144675 10.1016/j.scitotenv.2020.144675 

A1 Peichl M, Thober S, Meyer V, Samaniego L (2018) The effect of soil moisture anomalies on 

maize yield in Germany, Nat. Hazards Earth Syst. Sci., 18, 889-906, https://doi.org/10.5194/nhess-18- 

889-2018. 

A1 Peichl M, Thober S, Samaniego L, Hansjurgens B, Marx A (2019) Climate impacts on long-term 

silage maize yield in Germany. Scientific Reports 9, 7674, https://doi.org/10.1038/s41598-019- 

44126-1. 

A1 Peichl M, Thober S, Samaniego L, Hansjurgens B, Marx A (2021) Machine learning methods to 

assess the effects of a non-linear damage spectrum taking into account soil moisture on winter 

wheat yields in Germany, Hydrol. Earth Syst. Sci. Discuss. [preprint] https://doi.org/10.5194/hess- 

2021-9. 

A1 Ramião J.P., Carvalho-Santos C., Pinto R., Pascoal C. Hydropower contribution to the 

renewable energy transition under climate change: a case study in northwest Portugal. (to be 

submitted in September 2021) 

A1 Sabater S., Freixa A., Jimenez Lopez-Doval J., Pace G., Pascoal C., Perujo N., Gonzalez-Trujillo 

J. D. Evidence of extreme events effecting biological structure and functions in river networks: a 

meta-analysis approach. (to be submitted in September 2021) 

A1 Pace GP, Gutiérrez-Cánovas C, Henriques R, Boeing F, Cássio F, Pascoal C. (2021) Remote 
sensing depicts riparian vegetation 
responses to water stress in a humid Atlantic region Science of the Total Environment 772:145526. 
https://doi.org/10.1016/j.scitotenv.2021.145526 

 
A1 Perujo, Nuria; van den Brink, Paul; Segner, Helmut; Mantyka-Pringle, Chrystal; Sabater, Sergi; 
Birk, Sebastian; Bruder, Andreas; Romero, 
Ferran; Acuña, Vicenç. A guideline to frame stressor effects in freshwater ecosystems. Science of the 
Total Environment 777:146112 https://doi.org/10.1016/j.scitotenv.2021.146112 

 
 

A2. Articles / book intended for a larger audience 

A2 Pascoal C 2018. Showing the Way with Water. Pan European Networks: Science & 
Technology 25. www.paneuropeannetworks.com 

 
A2 João Sousa (2020) Nematode communities associated with the interface between natural 
and agriculture systems in the Cávado River basin. MSc Thesis in Ecology. University of Minho. 

 
A2 JPI Climate e-magazine (2019) http://jpi- 
climate.eu/media/default.aspx/emma/org/10900194/JPIClimate_emagazine.pdf 

 

A2 JPI Climate E-magazine with information on the CLIMALERT project. 17 February 2020. 
http://www.jpi-climate.eu/media/default.aspx/emma/org/10900194/JPI_Climate_e 
magazine_17Feb2020.pdf 

https://doi.org/10.1016/j.scitotenv.2021.146112
http://www.paneuropeannetworks.com/
http://jpi-climate.eu/media/default.aspx/emma/org/10900194/JPIClimate_emagazine.pdf
http://jpi-climate.eu/media/default.aspx/emma/org/10900194/JPIClimate_emagazine.pdf
http://www.jpi-climate.eu/media/default.aspx/emma/org/10900194/JPI_Climate_e
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A2       The CLIMALERT Mobile App was presented to the general public in Portugal on September 25th 
2020 in the Greenfest, at Tibães, in Braga, Portugal, with a considerable impact: http://www.jpi- 
climate.eu/ERA4CSnews.events/ERA4CSnews/10901952/CLIMALERT-tools 
launched-in-2020 

 
Several articles in national press (journals, radio, TV) 
Amarense Online (O) https://oamarense.pt/universidade-do-minho-apresenta-app-que 
alerta-agricultores-sobre-mudancas-climaticas/ 

 
Ambiente Ondas 3 
https://onda7.blogspot.com/2020/09/serra-darga-proposta-de 
criacao-da-area.html 

 
Indústria e Ambiente Online 
https://www.industriaeambiente.pt/noticias/aplicacao-ajudaagricultores-otimizarem-agua- 
colheitas/ 

 
Jornal O Vilaverdense Online 
https://ovilaverdense.pt/universidade-do-minho-apresenta-app-que-alerta-agricultores-sobre- 
mudancas-climaticas/ 

 

Tv Online Santo Tirso TV 
https://www.santo-tirso.tv/artigo/6/7772/app-portuguesaalerta-agricultores-sobre-mudancas- 
climaticas 

 
VieiradoMinho.TV Online 
https://www.vieiradominho.tv/climalert-app-climatica-avisaagricultor-como-otimizar-agua-e- 
colheitas/ 

 
Voz do Campo Online http://vozdocampo.pt/2020/09/24/estamos-a-casar-os-interesses 
dos-setores-da-agricultura-e-dos-recursos-hidricos/ 

 

Agricultura e Mar Actual Online https://agriculturaemar.com/projecto-coordenado-pela 
uminho-lanca-app-climatica-ajuda-agricultores-a-optimizar-agua-e-colheitas/ 

 
Antena Minho Online 
https://www.antenaminho.pt/noticias/uminho-cria-app-que-vai-alertaragricultores-sobre- 
mudancas-climaticas/10209 

 
Frutas, Legumes e Flores Online 
http://www.flfrevista.pt/2020/09/app-climatica-avisaagricultores-como-optimizar-agua-e-colheitas/ 

 

Jornal Económico Online (O) 
https://jornaleconomico.sapo.pt/noticias/uminho-cria-appque-alerta-agricultores-sobre-mudancas- 
climaticas-640814 

 
Minho Online (O) 
https://ominho.pt/uminho-cria-app-que-vai-alertar-agricultores-sobremudancas-climaticas/ 

 
Observador Online 

http://www.industriaeambiente.pt/noticias/aplicacao-ajudaagricultores-otimizarem-agua-
http://www.santo-tirso.tv/artigo/6/7772/app-portuguesaalerta-agricultores-sobre-mudancas-
http://www.vieiradominho.tv/climalert-app-climatica-avisaagricultor-como-otimizar-agua-e-
http://vozdocampo.pt/2020/09/24/estamos-a-casar-os-interesses
http://www.antenaminho.pt/noticias/uminho-cria-app-que-vai-alertaragricultores-sobre-
http://www.flfrevista.pt/2020/09/app-climatica-avisaagricultores-como-optimizar-agua-e-colheitas/
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https://observador.pt/2020/09/24/uminho-cria-app-que-vai-alertaragricultores-sobre-mudancas- 
climaticas/ 

 
Pplware Online https://pplware.sapo.pt/informacao/climalert-app-portuguesa-alertaagricultores- 
sobre-mudancas-climaticas/ 

 
Press Minho Online 
http://www.pressminho.pt/universidade-do-minho-apresenta-app-que-alerta-agricultores-sobre- 
mudancas-climaticas/ 

 
Público Online https://www.publico.pt/2020/09/24/ciencia/noticia/universidade-minho- 
criaaplicacao-vai-alertar-agricultores-mudancas-climaticas-1932759 

 
RUM - Rádio Universitária do Minho Online 
https://rum.pt/news/uminho-lanca-aplicacao-que-ajuda-agricultores-a-gerir-diferentes-colheitas 

 
Terras do Homem Online 
https://terrasdohomem.pt/2020/09/24/uminho-cria-app-que-vai-alertar-agricultores-sobre- 
mudancas-climaticas/ 

 
TSF Online 
https://www.tsf.pt/portugal/sociedade/universidade-do-minho-cria-app-quevai-alertar-agricultores- 
sobre-mudancas-climaticas-12756536.html 

 

Tv Online Braga TV 
https://bragatv.pt/universidade-do-minho-lanca-aplicacao-que-alerta-agricultores-sobre-mudancas- 
climaticas/ 

 
Tv Online Fama TV 
https://www.famatv.pt/noticia/3/8950/uminho-cria-app-para-alertar-agricultores-sobre-mudancas- 
climaticas 

 

Vida Rural Online 
https://www.vidarural.pt/producao/climalert-a-plataforma-climatica-que-avisa-sobre-como- 
otimizar-a-agua-e-colheitas/ 

 
Voz do Campo Online http://vozdocampo.pt/2020/09/24/universidade-do-minho-cria-app-que-vai- 
alertar-agricultores-sobre-mudancas-climaticas/ 

 
Voz do Campo Online http://vozdocampo.pt/2020/09/24/app-climatica-avisa-agricultores-como- 
otimizar-agua-e-colheitas/ 

 

Interview with Cláudia Pascoal LPI of the CLIMALERT project: 
The project that promesses water and agriculture  sustainability  / O projeto que promete  mais 
sustentabilidade da água na agricultura - 27 February 2020. https://rum.pt/news/climalert 

 
90 Seconds of Science with Cláudia Pascoal, the LPI of the CLIMALERT Project. / 90 
segundos de Ciência - Antena 1 (episode 743). 11 December 2019. 
https://www.90segundosdeciencia.pt/episodes/ep-743-claudia-pascoal/ 

http://www.pressminho.pt/universidade-do-minho-apresenta-app-que-alerta-agricultores-sobre-
http://www.publico.pt/2020/09/24/ciencia/noticia/universidade-minho-
http://www.tsf.pt/portugal/sociedade/universidade-do-minho-cria-app-quevai-alertar-agricultores-
http://www.famatv.pt/noticia/3/8950/uminho-cria-app-para-alertar-agricultores-sobre-mudancas-
http://www.vidarural.pt/producao/climalert-a-plataforma-climatica-que-avisa-sobre-como-
http://vozdocampo.pt/2020/09/24/universidade-do-minho-cria-app-que-vai-
http://vozdocampo.pt/2020/09/24/app-climatica-avisa-agricultores-como-
http://www.90segundosdeciencia.pt/episodes/ep-743-claudia-pascoal/
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Several communications in national and International Scientific Conferences and in sustainability 

festivals: 

1. Pascoal C. Bio-economy and climate services towards agri-food and water sustainability - 

Networking Friday on Ecosystems Health and Resilience with IB-S. Air Centre. 26 March 2021. 

Communication by invitation (online event: https://www.aircentre.org/netfridays-ib-s/) 
 

2. Pascoal C. A gestão da água na era das alterações climáticas. Serralves Ciclo de Sessões 

Temáticas. Celebration of World Water Day. Serralves Foundation, Porto 22 March 2021 

Communication by invitation (online event: https://www.serralves.pt/atividades-serralves/2103- 

a-gestao-da-agua-na-era-das-alteracoes-climaticas/) 
 

3. Pace, G., Gutiérrez Cánovas C., Henriques, R., Cássio, F. & Pascoal, C. Responses of Riparian 

Vegetation NDVI to changes in water availability in heterogenous ecosystems. XX Congress of 

the Iberian Association of Limnology (AIL-2020) / III Ibero-American Congress of Limnology 

(CILhttp://visca.eu/index.php/the-project-4/news/item/396-3gmw -2020) - Virtual Meeting. Oral 

presentation. 26-29th October 2020. URL: https://limnologia2020.com 
 

4. Pascoal C: CLIMALERT: Serviços do clima para a Sustentabilidade da agricultura e da Água - 

GreenFest 2020. Mosteiro de Tibães. 25-27 Setembro 2020. Communication by invitation. URL: 

https://www.greenfest.pt 
 

5. Pace G, Henriques R, Cássio F, Pascoal C. Remote sensing in post-fire impact assessment and 

vegetation recovery monitoring. 4th European Climate Change Adaptation Conference (ECCA), 

Lisboa 28-31 May 2019. Poster presentation 

https://www.ecca2019.eu/wp-content/docs/ECCA-2019-conference-book.pdf 
 

6. Ramião JP, Pascoal C, Carvalho-Santos C, Pinto R. Modelling ecosystem services for improved 

watershed management under climate change. Ecosystem Services Partnership 10 World 

Conference, Hannover, Germany. 21-25 October 2019. Oral presentation. URL: https://www.es- 

partnership.org/esp-conferences/world-conference-2019/ 
 

7. Pascoal C. Climate, Water and Agriculture Sustainability. 3rd workshop of VISCA Project. 

Barcelona, 11 December 2019. Communication by invitation. URL: 

http://visca.eu/index.php/the-project-4/news/item/396-3gmw 
 

8. Pascoal C. Climate Services towards Water and Agriculture Sustainability. Making Climate change 

a reality in Europe. Bruxelles, 13-14 November 2019. Communication by invitation. URL: 

https://www.climateservices.biz 
 

9. Pascoal C. The CLIMALERT project: Climate Alert Smart System for Sustainable Water and 

Agriculture. Mid-term ERA4CS Event, Brussels, Belgium, 17-18 September 2019 Oral 

https://www.aircentre.org/netfridays-ib-s/
https://www.serralves.pt/atividades-serralves/2103-a-gestao-da-agua-na-era-das-alteracoes-climaticas/
https://www.serralves.pt/atividades-serralves/2103-a-gestao-da-agua-na-era-das-alteracoes-climaticas/
http://visca.eu/index.php/the-project-4/news/item/396-3gmw
http://visca.eu/index.php/the-project-4/news/item/396-3gmw
https://limnologia2020.com/
https://www.greenfest.pt/
https://www.ecca2019.eu/wp-content/docs/ECCA-2019-conference-book.pdf
https://www.es-partnership.org/esp-conferences/world-conference-2019/
https://www.es-partnership.org/esp-conferences/world-conference-2019/
http://visca.eu/index.php/the-project-4/news/item/396-3gmw
https://www.climateservices.biz/
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presentation. http://www.jpi-climate.eu/ERA4CSnews.events/ERA4CSnews/10899848/ERA4CS- 

projects-reached-the-middle-of-life-cycle 
 
 
 

10. Pascoal C, Pace G Cássio F, Lopes S; Gonçalves L, Trigo I; Gouveia C; Acuña V, Sabater S; Marx A; 

Schwarz R, Kuhlicke C. The CLIMALERT project: Climate alert smart system for sustainable water 

and agriculture. 4th European Climate Change Adaptation Conference (ECCA), Lisboa 28-31 May 

2019. Oral presentation https://www.ecca2019.eu/wp-content/docs/ECCA-2019-conference- 

book.pdf 
 

11. Pace G., B. Bellisario, R. Sousa, F. Cassio and C. Pascoal. Droughts effect on freshwater 

macroinvertebrates community in Mediterranean region: ecological network analysis an 

innovative tool for bioassessment. Congress: Health and Climate change 2018, Rome (3-4 

December). Oral presentation https://cyanocost.wordpress.com/2018/07/25/health-and- 

climate-change-1st-scientific-symposium-rome-3-5-december-2018/ 
 

12. Pascoal C. The CLIMALERT project - Climate Alert Smart System. V Congresso Nacional sobre 

Alterações Climáticas (CLIMA 2018). Faro, 22-23 November 2018. Communication by invitation. 

URL: http://www.apea.pt/pt/noticias/8-congressos/11-clima-2018-programa-detalhado 
 

13. Pascoal C, Pace G. Climate Services for sustainable water and agriculture. Risk Aqua-Soli 

Conference: Climate Change: Local Resilience & Global Scenarios. Guimaraes. 16 October 2018. 

Communication by invitation. https://ccriskaquasoil.github.io/program.html 
 

14. Pace et al., 2018. Apresentação do Projeto CLIMALERT: Climate Alert Smart System for 

Sustainable Water and Agriculture (ERA4CS). Sessão Regional de Divulgação e Informação- 2018 

Programa para o Ambiente e a Ação Climática (LIFE) 

 

15. Jorda-Capdevila D, C Font, S Sabater, V Acuña. An integrated strategy for the assessment of 

multiple freshwater-related ecosystem services under global change conditions. Ecosystem 

Services Partnership Conference. Donosti, Spain. October 2018. 

 
 

 

B. Datasets that can be used as input to deliver a climate service 

B4: Accessible only to project partners 

Dataset of indicators provided as input for the Mobile App (see details below) 
 

D. Full service ready to operate 

D1. Interactive website 

http://www.jpi-climate.eu/ERA4CSnews.events/ERA4CSnews/10899848/ERA4CS-projects-reached-the-middle-of-life-cycle
http://www.jpi-climate.eu/ERA4CSnews.events/ERA4CSnews/10899848/ERA4CS-projects-reached-the-middle-of-life-cycle
https://www.ecca2019.eu/wp-content/docs/ECCA-2019-conference-book.pdf
https://www.ecca2019.eu/wp-content/docs/ECCA-2019-conference-book.pdf
https://cyanocost.wordpress.com/2018/07/25/health-and-climate-change-1st-scientific-symposium-rome-3-5-december-2018/
https://cyanocost.wordpress.com/2018/07/25/health-and-climate-change-1st-scientific-symposium-rome-3-5-december-2018/
http://www.apea.pt/pt/noticias/8-congressos/11-clima-2018-programa-detalhado
https://ccriskaquasoil.github.io/program.html
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An interactive web application was created for two regions of interest (Cávado and Algars river 

basins) with baseline information and predictions for water provision, water purification, 

sedimentation and precipitation. End-users can compare baseline information based on historical 

data (1976-2005) with predictions based on climatic models using moderate emission and high 

emission scenarios (RCP4.5 and RCP8.5, respectively) for the short term (2031-2060) and the long 

term (2071-2100). Data can be displayed as graphic format or coloured map. 

http://193.136.12.30:8000/ 

D2. Mobile APP 

After workshops with stakeholders, demand and supply analyses were carried out to select a list of 

indicators to provide in the App. The developed Mobile App provides climatic indicators (temperature, 

LST, precipitation), phenologic indicators (FAPAR, NDVI, and evapo-transpiration, and soil condition 

indicators (Soil moisture index, and plant available water) for three regions of interest (NE Portugal, 

Algars or Saale district). On first run, the user should select an area of interest drawing a polygon. Once 

the area is selected and saved, the app will display the indicators provided in a very easy way. Most 

data can be displayed in a graphic format (recent charts with data from the last week and up to 5 days 

ahead, monthly charts with data from the last 30 days, and annual charts with data for the hydrological 

year from October till September). Data is also displayed as coloured map for the current situation (all 

variables, but evapotranspiration) and seasonal forecast (temperature and precipitation) 

http://193.136.12.30:8000/ 
 

 

F2: Continue operating the service subject to external funding 

The operational maintenance of the tools depends on additional funding. 
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CLIMAPP Protecting human health against heat and cold stress 
 

https://www.lth.se/climapp/ 
 

Project main objective 
Development of a mobile app that integrates weather forecast information into human thermal 
models, thermal indices, and personal factors to provide personalized heat and health risk warning 
and recommendations 

 

Name and organization of the Lead PI 

Chuansi Gao, Lund University, Sweden 

 
List of other research institutes involved in the project 

University of Copenhagen, Denmark 

Technical University of Denmark 

Vrije Universiteit Amsterdam, The Netherlands 

List of supporting RFOs 

European Union (Grant 690462)/European Research Area for Climate Services (ERA4CS) 

FORMAS, a Swedish Research Council for Sustainable Development, Sweden 

Innovationfonden (IFD), Denmark 

Dutch Research Funding (NWO), the Netherlands 
 

 
A. Written document 

A1: Articles in scientific peer-reviewed journal 

1. Is There a Need to Integrate Human Thermal Models with Weather Forecasts to Predict Thermal 

Stress? Int. J. Environ. Res. Public Health 2019, 16(22), 4586; https://doi.org/10.3390/ijerph16224586 
 

More and more people experience thermal stress as the global temperature is increasing at an 

alarming rate. The increased exposure to extreme weather events poses a challenge for societies 

around the world. This literature review investigates the feasibility of making advanced human 

thermal models and thermal indices in connection with meteorological data publicly available for 

heat and health risk alert and advice to a wider population. 

 

2. ClimApp - Integrating personal factors with weather forecasts for individualised warning and 

guidance on thermal stress. Int. J. Environ. Res. Public Health, 2021, 18(21), 11317; 

https://doi.org/10.3390/ijerph182111317 

This paper describes the technical and functional development of the ClimApp, which combines 

weather forecasting with individual information to offer personalised guidance related to thermal 

exposure. Heat and cold stress assessments are based on weather forecast, ISO standards of human 

thermal models and personal factors. ClimApp is available in 10 languages. The application may 

therefore improve translation of heat and cold risk assessments and guidance for populations. 

ClimApp provides the framework for personalising and downscaling weather reports, alerts, and 

https://www.lth.se/climapp/
https://doi.org/10.3390/ijerph16224586
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advice to the personal level, based on GPS location and adjustable input of individual factors. 
 
 

3. An Occupational Heat–Health Warning System for Europe: The HEAT-SHIELD Platform. Int. J. 

Environ. Res. Public Health 2019, 16, 2890. https://doi.org/10.3390/ijerph16162890 
 

This study describes the “HEAT-SHIELD occupational warning system” platform operating for Europe 

and developed within the framework of the EU H2020 HEAT-SHIELD project and focuses on long- 

term heat risk forecasts (up to 46 days), which are useful for planning work activities. ClimApp 

project has close collaboration with HEAT-SHIELD project and focuses on short-term warning and 

advice for both extreme heat and cold weather events. 

 

4. Prediction of Indoor Air Temperature Using Weather Data and Simple Building Descriptors. Int. J. 

Environ. Res. Public Health 2019, 16(22), 4349; https://doi.org/10.3390/ijerph16224349 
 

Non-optimal air temperatures can have serious consequences for human health and productivity. As 

the climate changes, heatwaves and cold streaks have become more frequent and intense. This 

paper presents a method to predict indoor air temperature to evaluate thermal indoor environments. 

The method is integrated into ClimApp to predict indoor thermal stress and comfort. 

 

5. Predicted and user perceived heat stress using the ClimApp mobile tool for individualized alert and 

advice. Climate Risk Management (under review, as of 31 October 2021). 

Thermal models and indices integrated into a mobile application could provide relevant information 

regarding thermal stress to the general public. The aim of the current paper is to validate such a 

mobile application, ClimApp, to the users need in the heat. 134 participants filled in the required 

personal settings into the app, and indicated if the estimated thermal stress by ClimApp matched 

their thermal perception. Results show that ClimApp is able to predict the heat stress of the user, but 

may underestimate perceived heat stress when ambient temperature increases. ClimApp could play 

a role as a tool to make heat warnings more accessible for everyone and make people aware of 

appropriate behavior during periods with high ambient temperatures. 

 

6. The usability of ClimApp - a personalized thermal stress warning tool. submitted to Climate 

Services 

User testing of ClimApp was carried out in a usability laboratory (N=10) and in the field (N=38). The 

user’s navigation, perceived ease of use, and perceived usefulness were recorded and interviewed. 

Users also rated various usability aspects using an online questionnaire to find out users experience 

and what needs to be improved. Based on the findings, an improved version was implemented and 

evaluated. 

 

7. Long Term Adaptation to Heat Stress: Shifts in the Minimum Mortality Temperature in the 

Netherlands. Front. Physiol., 18 March 2020 | https://doi.org/10.3389/fphys.2020.00225 
 

It is essentially unknown how humans adapt or will adapt to heat stress caused by climate change 

over a long-term interval. The study indicates that the susceptibility of humans to heat may decrease 

https://doi.org/10.3390/ijerph16162890
https://doi.org/10.3390/ijerph16224349
https://doi.org/10.3389/fphys.2020.00225
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over time to some extent. 
 
 

8. Insulation and Evaporative Resistance of Clothing for Sugarcane Harvesters and Chemical Sprayers, 

and Their Application in PHS Model-Based Exposure Predictions. Int. J. Environ. Res. Public Health 

2020, 17(9), 3074; https://doi.org/10.3390/ijerph17093074 
 

Many workers are exposed to heat stress that can be exacerbated by the type of clothing they wear. 

The resulted heat strain can lead to short or long-term heat-related disorders. This study aimed to 

measure clothing properties of sugarcane field workers and evaluate the heat strain by an 

international standard, predicted heat strain model (PHS), in hot climates. 

 

9. Care provider assessment of thermal state of children in day-care centers. Building and 

Environment, 206915 https://doi.org/10.1016/j.buildenv.2020.106915 
 

Young children are vulnerable to extreme temperatures due to their physiological and anatomical 

characteristics and behavioural dependability. The latter is a relatively unexplored area. Therefore, 

the current study investigated the skin temperature as a proxy of the thermal state of children and 

care providers in day-care centers, the ability of the care providers to estimate the thermal state of 

the children and their knowledge on this topic. 

 
10. Common clothing area factor estimation equations are inaccurate for highly insulating (Icl>2 clo) 

and non-western loose-fitting clothing ensembles. Industrial Health 2021, 59, 107–116. 

https://doi.org/10.2486/indhealth.2020-0209 
 

The aim of this study was to evaluate the equations for calculating the clothing area factor (fcl) used 

in the standards based on data sets of clothing ensembles, that are meant to provide thermal 

comfort over a wide range of climatic conditions from hot summer days to extremely cold winter. 

Most of the fcl calculation equations do give reasonably good results for western type and industrial 

clothing with basic insulation (Icl) up to 1.5 clo. Above the Icl of 2 clo, the error in the calculations 

based on traditional equations increases considerably and they overestimate fcl. Some new 

equations were suggested for modern clothing systems. 

 

11. Validation of ISO 9920 clothing item insulation summation method based on an ambulance 

personnel clothing system. Industrial Health 2021, 59, 27–33. 

https://doi.org/10.2486/indhealth.2020-0208 
 

This study aimed to validate the summation methods suggested by ISO 9920. Twenty seven items 

from an ambulance personnel clothing system were selected for testing. The basic insulation of each 

garment item (Iclu) was calculated based on the thermal manikin tests. Regression analysis was used 

to compare the summed and measured Icl values. All basic insulation values stayed very close to the 

line of identity (R2=0.98). The summation equation gave, in the case of this ambulance clothing 

system, very close results to the measured values. This encourages evaluating and selecting 

protective clothing combinations for thermal comfort based on individual item measurements. 

 

 
A2: Conference Article/Abstract 

https://www.mdpi.com/1660-4601/17/9/3074
https://www.mdpi.com/1660-4601/17/9/3074
https://doi.org/10.3390/ijerph17093074
https://doi.org/10.1016/j.buildenv.2020.106915
https://doi.org/10.2486/indhealth.2020-0209
https://doi.org/10.2486/indhealth.2020-0208
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1. Chuansi Gao. ClimApp – a personalized heat and cold stress warning tool with integrated 

weather forecast, human thermal models and indices. 2021 Asia Pacific Climate Service 

Workshop - Climate Service for Resilience and Sustainable Development Towards A Net-zero 

Emission World, 21-22 October 2021, Taiwan, Virtual Conference. 

2. Chuansi Gao, Lars Nybo, Hein Daanen, Jørn Toftum, Kalev Kuklane, Johanna Alkan Olsson, 

Stephen Fritzdorf, Koen Levels, Moniek Zuurbier: From weather warning to personalized 

adaptation strategies to cope with thermal climate stress (PDF, 171kB, new tab), NES2017 

Conference Proceedings (PDF, 34,5 MB, new tab) (ISBN 978-91-7753-152-4), edited by Lund 

University 2017 (page 71) 

3. Chuansi Gao, Jørn Toftum, Hein Daanen, Henriette Steenhoff, Kalev Kuklane, Stephen Garland, 

Johanna Alkan Olsson, Sara Egli, Mireille Folkerts, Moniek Zuurbier, Jakob Petersson, Lars Nybo, 

2018. Integrating individual factors with climate service data to provide personalized thermal 

stress warnings and advice. The 7th International Conference on the Physiology and 

Pharmacology of Temperature Regulation (PPTR), October 7-12, Split, Crotia. 

4. Lars Nybo, Andreas D. Flouris, Marco Morabito, Alessandro Messeri, Ana Casanueva, Sven 

Kotlarski, Christoph Spirig, Cornelia Schwierz, Jørn Tofttum, Hein Daanen, Henriette Steenhoff, 

Boris Kingma and Chuansi Gao: " Personalized Heat Warning - Alert and Advising Systems for 

improved Health", 2019 International Conference on Environmental Ergonomics, July 7th - 12th 

2019 Amsterdam, The Netherlands 

5. Henriette Steenhoff, Jørn Toftum, Boris Kingma, Hein Daanen, Chuansi Gao, Kalev Kuklane, 

Stephen Garland, Johanna Alkan Olsson, Sara Egli, Mireille Folkerts, Moniek Zuurbier, Jakob 

Petersson, Lars Nybo: "Improving Individualized Thermal Exposure Warning and Advising 

Systems via User Feedback", 2019 International Conference on Environmental Ergonomics, July 

7th - 12th 2019 Amsterdam, The Netherlands 

6. Amitava Halder; Kalev Kuklane; Jakob Petersson; Chuansi Gao; George Havenith: "Comparison of 

different clothing area factor (fcl) calculations based on picture analysis in Adobe Photoshop", 

2019 International Conference on Environmental Ergonomics, July 7th - 12th 2019 Amsterdam, 

The Netherlands 

7. Jakob Petersson; Amitava Halder; Karin Lundgren-Kownacki; Kalev Kuklane; Chuansi 

Gao:"Required clothing insulation (IREQ - ISO 11079) and difference of thermal sensations 

between genders", 2019 International Conference on Environmental Ergonomics, July 7th - 12th 

2019 Amsterdam, The Netherlands 

8. Amitava Halder; Kalev Kuklane; Jakob Petersson; Anica Hursa Sajatovic; Chuansi Gao:"Predicted 

Heat Strain (PHS) model and the evaporative water loss in an extremely hot climate", 2019 

International Conference on Environmental Ergonomics, July 7th - 12th 2019 Amsterdam, The 

Netherlands 

9. Chuansi Gao: “Extreme Weather Events, Human Heat Balance, Thermal Stress Warnings and 

Advice through a Smart Phone (ClimApp)”, 2nd International Forum on Climate Change and 

Health Response, 1-4 December, 2018, Guangzhou, China. 

10. Mireille Folkerts, Boris Kingma, Jørn Toftum, Henriette Steenhoff, Stephen Garland, Chuansi Gao, 

Hein Daanen, 2018. Optimized “Heat-Module” linked to climate service data and individual 

characteristics. The 7th International Conference on the Physiology and Pharmacology of 

Temperature Regulation (PPTR), October 7-12, Split, Crotia. 

11. Kalev Kuklane, Róbert Toma, Rebekah A. I. Lucas: "Clothing insulation and evaporative resistance 

values and heat strain predictions for sugarcane field workers", 2019 International Conference 
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on Environmental Ergonomics, July 7th - 12th 2019 Amsterdam, The Netherlands (Book of 

Abstracts: page 40) 

12. Kalev Kuklane; Róbert Toma: "Validation of ISO 9920 clothing item insulation summation method 

based on an ambulance clothing system", 2019 International Conference on Environmental 

Ergonomics, July 7th - 12th 2019 Amsterdam, The Netherlands (Book of Abstracts: page 192) 

 
A4: Project document with access reserved to project partners, ERA4CS monitor team and reviewers. 

ClimApp project midterm and final report (April 2019 and June 2021). 

WP1 deliverables: 
D1.0: Development of ClimApp (overall description of WP1 deliverables, VU). 
D1.1: ClimApp technical platform: A Mobile Application that Integrates Climate Weather Forecast 
Data with Human Thermal Models (DTU and KU). 
D1.2: Optimized “Heat-Module” (PHS) and environmental heat stress index (WBGT) linked to climate 
service data and individual characteristics (VU). 
D1.3: Report of integrated hydration and cooling strategy module based on PHS prediction (LU). 
D1.4: Report of indoor climate module including prediction of indoor climate based on prevailing 
outdoor climate (DTU). 
D1.5: Revised IREQ model and incorporated cold stress and clothing module (LU). 
D1.6: User needs and usability of ClimApp (LU, KU). 
D1.7: Report of laboratory/database validation of the integrated ClimApp. 

 

WP2 deliverables: 
D2.1: Application of ClimApp for workers exposed to hot climates and usability of the associated 
hydration mode - focus on indoor and outdoor occupational settings. 
D2.2: report of the integrated and improved indoor climate module. 
D2.3: report of improved module for cold climates. 
D2.4: report of incorporated module for school children and the elderly. 
D2.5: report of integrated modules and improved ClimApp product and service as a whole. 

 
WP3 deliverables: 
D3.1: Report of workshops about ClimApp project. 
D3.2: ClimApp version 2.0 - 2.9 (translated versions of ClimApp) offered online for download. 
D3.3 Summary of ClimApp virtual stakeholder conference. 
D3.4: Scientific publications 
D3.5: Plan for promoting ClimApp after the project among the potential users. 

 

WP4 deliverables: 
D4.1: Consortium Agreement. 
D4.2: Annual reports to the national funding agencies and ERA4CS. These progress/financial reports 
were submitted by PIs to respective national funding agencies according to the requirement by each 
funding agency. 
D4.3: Documentation annual consortium and PI (WP leader) meetings 

 

B. Datasets that can be used as input to deliver a climate service 
 
 

C. Software that can be used to deliver a climate service 
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C1: In open access 

 
Source code of ClimApp app is publicly available from GitHub: 

1) Authors: Boris Kingma and Henriette Steenhoff 

2) Purpose: collaboration space to implement ClimApp, including version control, 

issue/bug tracking, comments, and documentation. 

3) URL: https://github.com/ClimAppConsortium/ClimApp 

Translation of text in ClimApp 

1) Authors: Stephen Garland, Lars Nybo, Mireille Folkerts, Jakob Petersson, Jorn Toftum, 

Boris Kingma, Kalev Kuklane, Nicola Gerrett 

2) Purpose: translations of app to local languages. 

3) URL: https://docs.google.com/spreadsheets/d/13QzS_wmYIXpsExiNbIdPIEqERfDzqI- 

EGiyq9tmiZC0/edit?usp=sharing 
 

 

D. Full service ready to operate 

D1: Interactive Web Site 

ClimApp consortium: ClimApp project webpage http://www.lth.se/climapp/ 
 
 

D2: Mobile App 

ClimApp is publicly available for Android and iPhone on Google Play and App Store. 

Developer: Boris Kingma, ClimApp consortium 

Purpose: prediction of the impact of heat and cold on human health based on weather forecast, 

human thermal models (PHS, PMV, IREQ) and thermal indices (WBGT, Wind Chill), activity intensity, 

heat acclimatization, and clothing, etc., provision of health risk warnings and advice on how to cope 

with heat or cold stress. 

For Android: https://play.google.com/store/apps/details?id=com.climapp.app 

For iOS: https://apps.apple.com/se/app/climapp/id1458460604 
 

Indicate also the intentions of the project consortium regarding the future of this service: 

F2: Continue operating the service subject to external funding 

External funding is needed to maintain and update ClimApp. 

 

F3: Transfer the service to an operational actor, e.g. an operational public agency or a private 

company, or a mix of the above options) 

It is possible to transfer ClimApp to national meteorological institutes, health agencies and private 

companies. However, regular maintenance and update by ClimApp partners is needed. 

 

 
E. Other results not falling into the above categories 

E3: Resource for educational activities or capacity building not falling into the above categories 

https://github.com/ClimAppConsortium/ClimApp
https://docs.google.com/spreadsheets/d/13QzS_wmYIXpsExiNbIdPIEqERfDzqI-EGiyq9tmiZC0/edit?usp=sharing
https://docs.google.com/spreadsheets/d/13QzS_wmYIXpsExiNbIdPIEqERfDzqI-EGiyq9tmiZC0/edit?usp=sharing
http://www.lth.se/climapp/
https://play.google.com/store/apps/details?id=com.climapp.app
https://apps.apple.com/se/app/climapp/id1458460604
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ClimApp can be used as an educational and interactive tool, for example students can change 

personal input factors and change a location (then local weather input is changed) to simulate hot, 

moderate and cold climates, and predict heat and cold related health risks. 

ClimApp is included as one of the resources to build health resilience to climate risks in “COP26 

Special Report on Climate Change and Health: the health argument for climate action” published by 

WHO (2021, https://www.who.int/publications/i?healthtopics=07b6b5da-4025-4288-bef1- 

cce0ea8b2569). 

E5: Other (explain) 

ClimApp has integrated four International/European (ISO/EN) Standards (WBGT, PHS, PMV, IREQ) of 

human thermal environments to predict thermal climate related health risks. The use of ClimApp 

promotes a wider application of these standards to reduce the risk of thermal stress when facing 

extreme weather events. These standards are usually not usable and accessible to individuals and to 

the public. ClimApp provides an example to develop personalized climate services by taking into 

account vulnerability and heath impact. 

ClimApp, one of the 118 weather apps from all over the world, participated in the competition of the 
WMO International Weather Apps Awards (WIWAA 2020). ClimApp was awarded Category 1 - 
Awards for innovation and promotion of the use of weather and climate information for 
development: Honourable mention in Sub-category 2 - Award for Originality and Innovation. 

 
ClimApp is publically available for Android and iPhone. It works globally in 10 languages. As of 31 
October 2021, there are more than 1 300 users, about 30 new users/month, and 839 users from 45 
countries interacted with the project website (https://www.lth.se/climapp/). 

http://www.who.int/publications/i?healthtopics=07b6b5da-4025-4288-bef1-
https://www.lth.se/climapp/
https://www.lth.se/climapp/
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ClimINVEST Tailored Climate Information for Investment Decisions 

Lead PI: Christa Clapp, Center for International Climate and Environmental Research – Oslo, Norway 

Partner Institutes: 

I4CE – Institute for Climate Economics, France 
Climpact-Metnext, France 
Meteo-France, France 
Alterra – Wageningen UR, The Netherlands 

Research funding agencies: RCN, ANR, NWO 

https://www.cicero.oslo.no/en/climinvest 

A1 Facilitating Climate-Smart Investments. Christa Clapp (CICERO), Jana Sillman (CICERO). 
Volume 1, Issue 1, 20 September 2019, Pages 57-61 
https://www.sciencedirect.com/science/article/pii/S2590332219300156 

 

A1 Economics Losses of Heat-Induced Reductions in Outdoor Worker Productivity: a Case Study 
of Europe. Anton Orlov (CICERO), Jana Sillman (CICERO), Asbjorn Aaheim (CICERO), Kristin Aunan 
(CICERO), and Karianne de Bruin (CICERO). Assessment of the cost of heat-induced reductions in 
outdoor worker productivity in Europe caused by the heat waves in August of 2003, July of 2010, and 
July of 2015. Economics of Disasters and Climate Change, June 28 2019 – Spring Nature Switzerland 
https://doi.org/10.1007/s41885-019-00044-0 

 
A2 Physical Climate Risks and the Financial Sector—Synthesis of Investors’ Climate Information 
Needs. Karianne de Bruin (Wageningen Environmental Research), Romain Hubert (I4CE), Julie Evain 
(I4CE), Christa Clapp (CICERO), Miriam Dahl (CICERO), Jaclyn Bolt (Wageningen Environmental 
Research). Published as a chapter in Springer’s Handbook of Climate Services January 2020. 

 

A2 Approaches to analyze physical climate risks for financial institutions. Romain Hubert, Michel 
Cardona (I4CE) To be published as a chapter of an NGFS occasional paper. Date to be determined by 
the NGFS. (NGFS is the Network of Central Banks and Supervisors for Greening the Financial System.) 

 
A3 Getting started on physical climate risk analysis in finance - Available approaches and the 
way forward. Romain Hubert, Julie Evain and Morgane Nicol (I4CE). Identifies existing approaches 
of physical climate risk analysis that target financial actors. 

 

A3 Physical climate risk: Investor needs and information gaps. Karianne de Bruin (Wageningen 
Environmental Research/CICERO), Romain Hubert (I4CE) , Julie Evain (I4CE), Christa Clapp (CICERO), 
Miriam Dahl (CICERO), Jaclyn Bolt (Wageningen Environmental Research). Overview of investors’ 
needs and information gaps regarding the physical impacts of climate change. We identify the 
information sources that financial actors rely on and the challenges they face in incorporating 
available climate change information. We also identify how the regulators have influenced the 
dynamics for climate risk analysis and management in the financial sectors of different countries. 
Includes 3 case studies. 

http://www.cicero.oslo.no/en/climinvest
http://www.sciencedirect.com/science/article/pii/S2590332219300156
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A3 Flooding: assessing physical and financial risk factors. Violaine Lepousez (Carbon 4), Florian 
Gallo (Carbon 4), Sophie Dejonckheere (CICERO), Christa Clapp (CICERO), Jana Sillman (CICERO), 
Monserrat Budding-Polo Ballinas (WENR). Fact sheet outlining types and causes of floods, commonly 
used indicators for Europe RCP8.5, sector vulnerability factors and adaptive capacity interventions. 

 

A3 Drought : assessing physical and financial risk factors. Sophie Dejonckheere (CICERO), 
Christa Clapp (CICERO), Jana Sillman (CICERO). Fact sheet outlining types and causes of droughts, 
commonly used indicators for Europe RCP8.5, sector vulnerability factors and adaptive capacity 
interventions. 

 
A3 Heat stress : assessing physical and financial risk factors. Iulia Marginean (CICERO), 
Sophie Dejonckheere (CICERO), Christa Clapp (CICERO), Jana Sillman (CICERO). Fact sheet outlining 
types and causes of heat stress, commonly used indicators for Europe RCP8.5, sector vulnerability 
factors and adaptive capacity interventions. 

 

A3 Climate modeling 101. Francois Helloco (MeteoFrance), Sophie Dejonckheere (CICERO), 
Romain Hubert (I4CE), Violaine Lepousez (Carbon 4), Iulia Marginean (CICERO), Felix van Veldhoven 
(CAS), Jana Sillman (CICERO), Christa Clapp (CICERO). Fact sheet outlining the source of data for 
climate models, baselines, time horizons, and other uncertainties. 

 
A3 Calculating climate risk. Romain Hubert (I4CE), Michel Cardona (I4CE), Sophie Dejonckheere 
(CICERO), Violaine Lepousez (Carbon 4), Florian Gallo (Carbon 4), Monserrat Budding-Polo Ballinas 
(WENR), Iulia Marginean (CICERO), Jana Sillman (CICERO), Christa Clapp (CICERO). Fact sheet 
outlining the different components of climate risk calculation, i.e. hazard, exposure, and vulnerability 
(sector sensitivity + adaptive capacity). 

 
A3 Climate Risk Assessment at the Asset Level : Case Study - The Wall (Netherlands) Monserrat 
Budding-Polo Ballinas (WENR), Michiel van Eupen (WENR), Karianne de Bruin (WENR), Felix van 
Veldhoven (CAS), Sophie Dejonckheere (CICERO), Violaine Lepousez (Carbon 4), Romain Hubert 
(I4CE), Jana Sillman (CICERO), Christa Clapp (CICERO). Case study demonstrating a physical climate 
risk screening for flood, heat stress and drought on a shopping mall in the Netherlands. 

 

A3 Assessing climate physical risks for financial decision makers: common methodologies, 
challenges and case studies. Violaine Lepousez (Carbon 4), Florian Gallo (Carbon 4), Sophie 
Dejonckheere (CICERO), Karianne de Bruin (WENR), Romain Hubert (I4CE), Christa Clapp (CICERO), 
Jana Sillman (CICERO), White paper reviewing the impact chain methodology that links climate 
hazards to financial impact for investors, and features case studies for demonstrations. 

 
A3 Peer-reviewed paper on visualization of impact relevant indicators. CICERO et al (TBD) TBD 

 
 

A3 Final capstone report I4CE et al (TBD) TBD 
 

B1/C1/D1/F1 ClimINVEST GIS-based indicator database and interactive demonstration website 
Michiel van Eupen (WENR), Felix van Veldhoven (CAS), Karianne de Bruin (WENR), Monserrat 
Budding (WENR), Sophie Dejonckheere (CICERO), Florian Gallo (Carbon 4), Violaine Lepousez (Carbon 
4), Romain Hubert (I4CE), Iulia Marginean (CICERO). Interactive website featuring maps of climate 
indicators, case studies and content on climate modeling, calculating climate risk, flooding, heat 
stress, and drought as well as case studies in story map form. 
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C1/D4 Webinars on calculating climate risk, climate modeling 101, flooding, drought, heat stress, 
and case studies. Sophie Dejonckheere (CICERO), Karianne de Bruin (WENR), Miriam Stackpole 
Dahl (CICERO), Michiel van Eupen (WENR), Felix van Veldhoven (CAS), Monserrat Budding (WENR), 
Florian Gallo (Carbon 4), Violaine Lepousez (Carbon 4), Romain Hubert (I4CE), Iulia Marginean 
(CICERO) 5-10 minute recorded presentations of the analysis outlined in the white papers and 
factsheets above. 

 

E1 Network of users. An established network of representatives from the financial sector in 
Norway, Netherlands and France that have engaged with the ClimINVEST project and continue 
support knowledge building in physical climate risk assessment for investors. 
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CLISWELN Climate Services for the Water-Energy-Land Nexus 

 
https://ms.hereon.de/clisweln/ 

 

Project main objective: The aim of the project was to build a long-lasting bridge between 

stakeholders and providers of regional climate scenario data (EURO-CORDEX, C3S Climate Data Store) 

and used the data in integrated models and tools dealing with the complex Water-Energy-Land-Food 

Nexus (WELFN) to link both stakeholders and data providers. 

Name and organization of the Lead PI: Helmholtz-Zentrum Geesthacht für Material- und 

Küstenforschung (HZG), now Helmholtz HEREON, Germany 

List of other research institutes involved in the project: 

- Universität für Bodenkultur Wien (BOKU), Department of Economics and Social Sciences - 

Institute for Sustainable Economic Development having its registered office at 

Feistmantelstraße 4, 1180 Wien, Austria 

- Centro de Investigación Ecológica y Aplicaciones Forestales (CREAF), having its registered 

office at Universitat Autónoma de Barcelona, Edifici C, 08193 Bellaterra, Spain 

- Institutul Naţional de Cercetare-Dezvoltare în Silvicultură (INCDS), having its registered office 

at Eroilor Street 128, 077190 Voluntari, Ilfov County, Romania 

List of supporting RFOs (for cash projects): 

- Bundesministerium für Bildung und Forschung (BMBF, Germany) 

- Bundesministerium für Bildung, Wissenschaft und Forschung (BMWFW, Austria). 

- Österreichische Forschungsförderungsgesellschaft FFG. 

- Ministerio de Economía y Competitividad (MINECO, Spain). 

- Executive Agency for Higher Education, Research, Development and Innovation Funding 

(UEFISCDI, Romania) 

 

Typology of productions 

A1 Ten principles to integrate the water-energy-land nexus with climate services for co- 

producing local and regional integrated assessments. Cremades, R., Mitter, H., Tudose, N.C., 

Sanchez-Plaza, A., Graves, A., Broekman, A., Bender, S., Giupponi, C., Koundouri, P., Bahri, M., Cheval, 

S., Cortekar, J., Moreno, Y., Melo, O., Karner, K., Ungurean, C., Davidescu, S.O., Kropf, B., Brouwer, F., 

Marin, M., 2019. Science of The Total Environment 693, 133662. 

https://doi.org/10.1016/j.scitotenv.2019.133662 
 

A1 Exploring Farmers’ Climate Change Perceptions and Adaptation Intentions: Empirical 

Evidence from Austria. Mitter, H., Larcher, M., Schönhart, M., Stöttinger, M., Schmid, E., (2019). 

Environmental Management 63:804–821. doi: 10.1007/s00267-019-01158-7. Conduction of semi- 

structured interviews with Austrian farmers to elicit their climate change perceptions and adaptation 

intentions. Creation of four empirically-based groups of farmers, which differ in the formation 

process of adaptation intention and avoidance. 

https://ms.hereon.de/clisweln/
https://doi.org/10.1016/j.scitotenv.2019.133662
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A1 The economic value of stochastic climate information for agricultural adaptation in a semi- 

arid region in Austria. Karner, K., Mitter, H., Schmid, E., (2019). Journal of Environmental 

Management 249, 109431. https://doi.org/10.1016/j.jenvman.2019.109431. Agricultural net 

benefits differ by climate scenario and irrigation water supply. Irrigation can be an efficient 

adaptation measure if sufficient water is available. Absent climate information bears high economic 

and environmental risks. Foregone economic benefits and groundwater externalities may occur. 

A1 Informing groundwater policies in semi-arid agricultural production regions under stochastic 

climate scenario impacts. Mitter and Schmid (2021). Ecological Economics 180, 106908. 

https://doi.org/10.1016/j.ecolecon.2020.106908. We explore interactions between climatic, 

agronomic, hydrological, and socio-economic conditions and processes in the Seewinkel region in 

Austria. The assessment is conducted with a spatially explicit integrated modeling framework to 

analyze impacts on land and irrigation water use, land management, and net benefits of agricultural 

production. Model results show economic, agronomic, and environmental impacts resulting from 

climate change scenarios and restrictions on groundwater extractions for irrigation in the Seewinkel 

region. 

A1 Assessing the performance of the Soil and Water Assessment Tool hydrological model for a 

small mountain forested watershed in the central part of Romania. Authors: Mirabela Marin, Ioan 

Clinciu, Nicu Constantin Tudose, Șerban Octavian Davidescu, Cristinel Constandache. In: GEOLINKS 

2019 Conference Proceedings Book 3, vol. 1. SAIMA CONSULT LTD, pp. 265–273, 

https://doi.org/10.32008/geolinks2019/b3/v1/30. The paper presents the SWAT performance 

obtained for a small mountain forested watershed located in the Tarlung river basin and future 

possibilities derived from hydrological modeling regarding the water resources dynamics under land- 

use and climate change context. The advantages provided by SWAT exploitation in identifying the 

most suitable strategies in this ungauged watershed. 

A1 Assessing the vulnerability of water resources in the context of climate changes in a small 

forested watershed using SWAT: A review. Authors: Mirabela Marin, Ioan Clinciu, Nicu Constantin 

Tudose, Cezar Ungurean, Andrei Adorjani, Alin Lucian Mihalache, Adriana Agafia Davidescu, Șerban 

Octavian Davidescu, Lucian Dinca, Horea Cacovean. Environmental Research 2020, V. 184, DOI: 

https://doi.org/10.1016/j.envres.2020.109330. This article evaluates the applicability performance of 

the Soil and Water Assessment Tool (SWAT) in small forested watersheds and the vulnerability of 

water resources in the context of climate change until the end of the 21st century. 

A1 Assessing the temperature and rainfall regime in Upper Tărlung river basin under climate 

change context. Authors: Mirabela Marin, Ioan Clinciu, Nicu Constantin Tudose, Sorin Cheval, Cezar 

Ungurean, Șerban Octavian Davidescu, Andrei Adorjani, Alin Lucian Mihalache, Adriana Agafia 

Davidescu, Oana Nicoleta Tudose. Revista de Silvicultura si Cinegetica 2020, no. 45, pp. 15–21, 

indexed in CABI database. The article aim has been to identify future trends in changing patterns of 

air temperature and rainfall after applying two global climate scenarios (RCP4.5 and RCP8.5) 

embedded in four regional climate models downscaled for Tarlung river upper basin (Carpathian 

Mountains). 

A1 Assessing the impact of climate and land-use change on the hydrological processes within 

Upper Tarlung river basin. Authors: Mirabela Marin, Ioan Clinciu, Nicu Constantin Tudose, Sorin 

Cheval, Cezar Ungurean, Șerban Octavian Davidescu, Andrei Adorjani, Alin Lucian Mihalache, Adriana 

Agafia Davidescu, Oana Nicoleta Tudose. Revista Padurilor 2020, 135(3), 26p, indexed in CABI 
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database, http://revistapadurilor.com/revista-padurilor-la-zi/ . The article aims to assess the 

projected annual dynamics of surface runoff, flows and sediment transport within Upper Tarlung 

river basin. The analysis was performed through SWAT model exploitation under four local climate 

scenarios (REMO4.5, REMO8.5, CLM4.5 and CLM8.5) and three land-use scenarios (maintaining the 

current land-use, the reduction with 25% and 50% of forested areas and conversion of those surfaces 

in pastures) developed for 2020-2100 time interval divided in three periods: short, medium, and long 

term. 

A1 Climate services for sustainable management of Water‒Energy‒Land nexus (WELN) within 

climate change context in the Tarlung river basin, Romania. Authors: Nicu Constantin Tudose, Sorin 

Cheval, Cezar Ungurean, Annelies Broekman, Anabel Sanchez-Plaza, Roger Cremades, Hermine 

Mitter, Bernadette Kropf, Serban Octavian Davidescu, Lucian Dinca, Horia Cacovean, Mirabela Marin, 

Katarzyna Miksa, Paulo Pereira. The aim of this article is to provide recommendations for local 

decision-makers and not only, to integrate Water‒Energy‒Land nexus into climate services in order 

to achieve sustainable management of watershed. The article was submitted to Land Use Policy 

journal and currently is under review. 

A1 Guiding Cities Under Increased Droughts: The Limits to Sustainable Urban Futures. Authors: 

Roger Cremades, Anabel Sanchez-Plaza, Richard Hewitt, Hermine Mitter, Jacopo Baggio, Marta 

Olazabal, Annelies Broekman, Bernadette Kropf, Nicu Constantin Tudose. The aim of this article is to 

compile policy recommendations for local decision-makers under increasing drought conditions. The 

article was submitted to Ecological Economics and currently is under the second round of review. 

 

 
A2 Climate Services. Chapter 10 in Handbook on the Water-Energy-Food Nexus. PART TWO – 

Concepts of the Nexus; the applications. Edward Elgar Publishing, 28 p. Authors: Mirabela Marin, 

Roger Cremades, Nicu Constantin Tudose, Serban Octavian Davidescu, Cezar Ungurean, Hermine 

Mitter, Anabel Sanchez-Plaza. The book chapter aims to provide a brief summary of the development, 

evolution and objectives of climate services for society as a whole. It's offering an overview of the 

manner in which the nexus approach could enhance the decisional process for securing the 

sustainability of the natural resources over time. By exposing the resources interlinkages, 

dependencies between multiple sectors are identified and explored in order to provide adequate 

climate services. The book chapter presents many opportunities but also challenges derived from the 

nexus approach, as well as a concrete example of the benefits that the nexus approach, integrated 

into climate services can generate in an urban area. The chapter is currently under review. 

A2 Management für eine nachhaltige Zukunftsgestaltung, in: Umwelt- Und 

Bioressourcenmanagement Für Eine Nachhaltige Zukunftsgestaltung (Schmid, E., Pröll, T., (Ed.)). 

Springer Berlin Heidelberg, Berlin, Heidelberg. http://link.springer.com/10.1007/978-3-662-60435-9. 

Schmid, E., Mitter, H., Winiwarter, V., Pröll, T., (2020). The project CLISWELN and the undertaken 

research approaches are cited in a book which is addressed at a broad German-speaking audience, 

especially at prospective students. The Austrian case study region is mentioned as an example for 

inter- and transdisciplinary research. 

A2 Begrenzte Ressourcen nachhaltig nutzen. Kropf, B., Mitter, H. (2020). Natur & Umwelt im 

Pannonischen Raum, 30. Jg.; 4/2020. Article about the CLISWELN project and the Austrian case study 

region in the magazine „Natur und Umwelt im Pannonischen Raum”, which is of major relevance for 

regional stakeholders and policy makers. The article highlights the importance of cross-sectoral 

http://revistapadurilor.com/revista-padurilor-la-zi/
http://link.springer.com/10.1007/978-3-662-60435-9
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cooperation to increase sustainability of limited resources. http://naturschutzbund- 

burgenland.at/images/stories/NU_04_20_web.pdf 

A3 Integrated model of river basin, land use and urban water supply. Deliverable 3.4 of 

CLISWELN project. Authors: Nicu Constantin Tudose, Serban Davidescu, Sorin Cheval, Viorel Chendes, 

Cezar Ungurean, Mirabela Babata, 2018. The aim of deliverable is to provide a description of the 

Tărlung River Basin, the Romanian case study. The deliverable contains data regarding the SWAT 

hydrological model, data regarding land use structure and forest management, as well as scenarios 

for their further development. Those informations are complemented by data regarding urban 

development, water consumption, and energy consumption, useful for achieving a dynamic 

approach about interactions and interdependencies between nexus elements under climate change. 

The deliverable can be found at: https://www.hzg.de/ms/clisweln/075105/index.php.en. 

 

 
A3 Information tailored to the needs of stakeholders in the Romanian case study. Deliverable 

4.3 of CLISWELN project. Authors: Nicu Constantin Tudose, Cezar Ungurean, Serban Davidescu, Sorin 

Cheval, Mirabela Babata, 2019. The deliverable aiming to provide support for relevant decision- 

makers from the Tarlung river basin area (Romania) in developing a sustainable management plan 

for the Water-Energy-Land-Food (WELF) components under land-use, societal and climatic scenarios. 

The deliverable provides information tailored to the decision-makers needs in order to enabling 

them to achieve a nexus sustainable management under future challenges. The deliverable can be 

found at: https://www.hzg.de/ms/clisweln/075105/index.php.en. 

A3 Academic working paper “Climate services for river basins: providing robust policy 

recommendations through the WELFN”. Deliverable 5.3 of CLISWELN project. Authors: Nicu 

Constantin Tudose, Sorin Cheval, Cezar Ungurean, Serban Octavian Davidescu, Mirabela Marin, 2020. 

The purpose of this deliverable is to provide support for the local decision-makers and enable them 

to develop a sustainable management plan for the WEL within Tarlung river basin under multiple 

drivers (e.g. land-use, societal, urban planning, and climatic change). After we identify the local 

stakeholders concerns and needs for increasing urban resilience against climate change, we pursued 

to investigate the impact of forest management, land management, urban planning and societal 

scenarios under climate change against nexus components. Moreover, we focused on policy 

recommendations necessary to support decision-making in achieving long term sustainability. In 

order to raise the urban resilience under multiple drivers, the obtained results will be embedded in 

an integrated watershed management plan. The deliverable can be found at: 

https://www.hzg.de/ms/clisweln/075105/index.php.en. 

A3 Policy report about climate services for the WELFN, providing insights about stakeholder 

integration and risk reduction in the event of a drought. Deliverable 5.5 of CLISWELN project, 2020. 

Authors: Tudose Nicu Constantin, Roger Cremades, Hermine Mitter, Anabel Sanchez-Plaza, Annelies 

Broekman, Ungurean Cezar, Davidescu Serban, Cheval Sorin, Marin Mirabela, 2020. The aim of this 

deliverable is to present at all level of decision-makers an innovative, sustainable, integrated and 

robust policies based on climate services, which generate benefits between adapting to climate 

change and reducing the risks arising from these changes. Moreover, the mitigation of greenhouse 

gas emissions and the local relevance of sustainable development policies related to SDGs. This 

deliverable is a joint effort, integrating contributions from all deliverables related to work packages 4 

http://naturschutzbund-/
http://www.hzg.de/ms/clisweln/075105/index.php.en
http://www.hzg.de/ms/clisweln/075105/index.php.en
http://www.hzg.de/ms/clisweln/075105/index.php.en
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and 5 of CLISWELN project. The deliverable can be found at: 

https://www.hzg.de/ms/clisweln/075105/index.php.en 
 

A3 Factsheet#1 – ‘Management of the Tărlung river basin upstream of the Săcele accumulation 

from the climate change perspective’. The aim of this factsheet has been to inform local and regional 

stakeholders and the general public about the main objectives of the project and to raise attention 

on the potential impact of climate change on the management of watershed. The factsheet is 

available online at: 

http://www.monitorulexpres.ro/?mod=monitorulexpres&p=ultora_local&s_id=193896 
 

A3 Factsheet#2 – ‘Assessment of water resource from the Tarlung reservoir under climate 

change’. The second factsheet pursued to inform local and regional stakeholders and general public 

about climate change impact on average air temperature, heatwaves variation and discharges 

dynamics foresaw for 2020-2099 time interval after applying four local climate change scenarios. The 

factsheet is available online at: 

http://www.monitorulexpres.ro/?mod=monitorulexpres&p=eveniment&s_id=195531 
 

A3 Factsheet#3 – ‘Considerations regarding the management of the Tărlung river basin, 

upstream Săcele reservoir, in the climate change context’. 

The third factsheet aimed to raise awareness regarding the importance of developing sustainable 

management of multiple interconnected resources. This factsheet summarized ten principles useful 

for embedding WELN into climate services and securing the resources availability at multiple levels 

(local, regional, and national). Were also presented the most important results obtained and several 

recommendations for minimizing benefits and reducing trade-offs were made. This factsheet is 

available online at: 

https://www.old.monitorulexpres.ro/?mod=monitorulexpres&p=comunicate&s_id=200475 
 

A3 Information tailored to stakeholders’ needs in the case study region Seewinkel. Deliverable 

4.2. CLISWELN project. Kropf, B., Mitter, H., (2019). The deliverable 4.2. “Information tailored to 

stakeholders’ needs in the Austrian case study region Seewinkel” presents an overview of the 

stakeholder engagement process in the Austrian case study region. Subsequently, different methods 

and approaches for stakeholder engagement and the respective information prepared or discussed 

with stakeholders are described. 

A3 Dürrerisikomanagement im österreichischen Ackerbau: Synergien und Trade-offs (in English: 

Drough risk management in Austrian crop production: synergies and trade-offs). Hanger-Kopp, S., 

Palka, M., Stangl, M., Tasser, M., Birschitzky, J., Mitter, H., Oberforster, M., Pammer, R., 2019. The 

factsheet was jointly developed by 11 Austrian organizations. It summarizes the requirements for 

successful drought risk management in crop production in Austria and also refers to the Austrian 

CLISWELN case study region Seewinkel. 

https://iiasa.ac.at/web/home/research/researchPrograms/RISK/Duerrerisikomanagement_im_oeste 

rreichischen_Ackerbau_Synergi.pdf 
 

 

A4 Integrated model of the agricultural sector in the Austrian case. Deliverable 3.2. CLISWELN 

project. Mitter H, Karner, K, Schmid, E (2018). This deliverable contains an overview on the 

integrated modelling framework developed for analyzing interactions in the water-energy-land- 

nexus, which is applied in the Austrian case study region Seewinkel. It summarizes the current 

https://www.hzg.de/ms/clisweln/075105/index.php.en
http://www.monitorulexpres.ro/?mod=monitorulexpres&p=ultora_local&s_id=193896
http://www.monitorulexpres.ro/?mod=monitorulexpres&p=eveniment&s_id=195531
https://www.old.monitorulexpres.ro/?mod=monitorulexpres&p=comunicate&s_id=200475
https://iiasa.ac.at/web/home/research/researchPrograms/RISK/Duerrerisikomanagement_im_oesterreichischen_Ackerbau_Synergi.pdf
https://iiasa.ac.at/web/home/research/researchPrograms/RISK/Duerrerisikomanagement_im_oesterreichischen_Ackerbau_Synergi.pdf
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situation in the case study region, presents the database and the integrated modelling framework, 

and provides an outlook on stakeholder engagement to improve climate services. 

A4 Exploring cross-sectoral actors’ perceptions to facilitate integrated climate change mitigation 

and adaptation in a semi-arid region. (submitted to the XIV EAAE Congress, Prague, Czech Republic). 

Kropf, B., Mitter, H., Schmid, E. (2020). The aim of this conference contribution is to explore how 

actors form the WEL sectors perceive interlinkages, trade-offs and synergies within and between the 

WEL nexus sectors and which measures they perceive relevant to facilitate climate change mitigation 

and adaptation in the Austrian case study region Seewinkel. 

A4 Does it matter which Agro-Ecological Objectives are optimized first? – Insights from a multi- 

objective optimization experiment (submitted to the XIV EAAE Congress, Prague, Czech Republic). 

Karner, K., Mitter, H., Schmid, E. (2020). The aim of this conference contribution is to assess land and 

water management strategies that minimize existing trade-offs between economic and agro- 

ecological objectives in the Seewinkel region under climate change 

A4 Factsheets: #1: Description of the project, #2: The Water-Energy-Land Nexus, #3: Modelling 

of future land- und wateruse in the Seewinkel region. Kropf, B., Mitter, H., Karner, K., Schmid, E. 

(2019). Created factsheet provide detailed information about the CLISWELN project and its specific 

approaches. They are addressed to regional stakeholders. Additional factsheets which highlight the 

main findings are created and distributed to the relevant stakeholders of the case study region. 

A4 Final report tailored to stakeholders needs. „Wasser- -Energie- Land in der Region Seewinkel: 

Nutzungskonflikte reduzieren, Synergien nutzen“ (in English: Water-Energy-Land in the seewinkel 

region: reducing trade-offs, harness synergies) (in progress – working title). Kropf, B., Mitter, H., 

Karner, K., Schmid, E. (2020). The final report summarizes the final results of undertaken research 

approaches. It is tailored to regional stakeholders needs and includes a comprehensive, cross- 

sectoral Cognitiv Map of the Seewinkel region underpinned with a narrative and potential futures of 

the region, which consider a broad spectrum of adaptation measures as well as potential trade-offs 

and synergies. Furthermore, the final results of the integrated modelling approaches are presented. 

 

 
B1 Meteorological data collected at the Tarlung reservoir, located in the center of Romania. 

Authors: Nicu Constantin Tudose, Cezar Ungurean, Mirabela Marin, Alin Lucian Mihalache, Șerban 

Davidescu. DOI: https://doi.org/10.4121/uuid:8cdfd0c6-1976-417c-bc20-7397f6382e7f . The 

research infrastructure (rain gauges and meteorological station) installed within CLISWELN project 

gather meteorological daily data registered outside and inside of the forest. 

B1 Thematic maps of soil erodibility factor (expressed in tonnes·year-1·ha-1) for all sub- 

watersheds (169) of Tarlung river basin. These maps has been developed considering both climate 

and land scenarios. Besides, these maps represent a valuable tool for local decision-makers in 

supporting them for designing the intervention with sediments retention works. These maps can be 

found at: http://clisweln.info/climate-services-for-the-water-energy-land-food-nexus/results/ 
 

 

C1 The Urban Drought Nexus Tool. Bahri, M., & Cremades, R. (2021, March 7). (Version 0.1). 

Zenodo. http://doi.org/10.5281/zenodo.4587632. The “Urban Drought Nexus Tool” facilitates the co- 

development of climate services for cities under increasing droughts. The tool integrates multiple 

http://clisweln.info/climate-services-for-the-water-energy-land-food-nexus/results/
http://doi.org/10.5281/zenodo.4587632
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types of information and still can be applied to other case studies with minimal adjustments on the 

parameters of land use, water consumption and energy use in the water sector. The tool and an 

explanatory guide in pdf format are included in a permanent repository Zenodo. 

 

 
B1 Daily relative humidity Bias corrected data of the EURO-CORDEX model MOHC-HadGEM2- 

ES_rcp85_r1i1p1_CLMcom-CCLM4-8-17 using analysis data from INCA (ZAMG). Historical and future 

projection under the RCP8.5 scenario. Period: 1981-2100. Nadeem et al. (2018). Bias Corrected 

EURO-CORDEX Model for Relative Humidity on ÖKS15 Grid: MOHC-HadGEM2- 

ES_rcp85_r1i1p1_CLMcom-CCLM4-8-17, Version 1. Vienna, Austria. CCCA Data Centre. PID: 

https://hdl.handle.net/20.500.11756/b73b7a18. [January 20, 2021] 

B1 Climate scenarios Austria ÖKS15, 4 data/models including agricultural parameters which can 

be used for further modelling activities (Formayer H., Nadeem, I.); Data characteristics: Temporal and 

spatial resolution: daily and 1km; Period: 1980-2100; Parameters: SRad, Tmin, Tmax, Rain, RHum, 

Wind; Number files: 85278. See: https://data.ccca.ac.at/organization/boku 

 

 
D5/F1 Research infrastructures. In the middle of the Romanian case study watershed the partners 

have installed a micrometeorological station since the 2017 year. This station registering daily data 

like as: precipitations, air temperature, air humidity, photon flux, solar radiation, wind speed and 

direction and soil moisture. Moreover, this data helps the local decision-maker (the reservoir 

administrator) with vital information to planning the management of watershed. 

 

 
D5 Stakeholder workshop. Kropf, B., Mitter, H., Karner, K., Schmid, E. (2019). The first 

stakeholder workshop was addressed at relevant stakeholders of the regional water-energy land 

nexus, such as regional and provincial experts and representatives of relevant institutions and 

organizations. Preliminary modelling results were presented and discussed. 

 

 
E1 A network of stakeholders. In the project framework has been identified by the local 

decision-makers. The project team, through its institutional approach, started the processes of 

partnership with decision-makers (local forest administrator and water administrator). The aim of 

this partnership will be to change the information for the sustainable management of nexus 

component along Tarlung watershed beyond of the project life. 

E1 In course of the CLISWELN project a network with engaged stakeholders in the Austrian case 

study region was built, which lays the ground for future cooperation and research projects. 

 

 
E3 Hydrological impact of climate change and forested area reduction in small, forested 

watersheds. Case study: Upper Tarlung watershed. Author: Mirabela Marin. PhD thesis submitted to 

the Transilvania University of Brașov, Faculty of Silviculture and Forest Engineering, Department of 

Forestry, Forest Management and Land Measurements, 215 p. 
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CoCliME Climate Services for Adaptation to Changing Marine Ecosystems 

 
http://www.coclime.eu 

 

Project main objective: Provide proof of concept and prototype climate change adaptation and 

decision support tools to manage and mitigate harmful algal blooms. 

Name and organization of the Lead PI: Caroline Cusack, Marine Institute, Ireland 

List of other research institutes involved in the project: 

- Marine Institute (MI), Ireland 

- Bantry Marine Research Station (BMRS), Ireland 

- Institut Français de recherche pour l'Exploitation de la Mer (IFREMER), France 

- University of Nantes (UNantes), France 

- Sorbonne Université (SU), France 

- Alfred Wegener Institut (AWI), Germany 

- Center for International Climate and Research – Oslo (CICERO), Norway 

- Institute of Marine Research (IMR), Norway 

- National Institute for Marine Research and Development “Grigore Antipa”(NIMRD), Romania 

- Consejo Superior de Investigaciones Científicas (CSIC), Spain 

- Stockholm Environment Institute(SEI), Sweden 

- Swedish Meteorological & Hydrological Institute (SMHI), Sweden 

List of supporting RFOs (for cash projects): 

Project CoCliME is part of ERA4CS, an ERA-NET initiated by JPI Climate, and funded by EPA (IE), ANR 

(FR), BMBF (DE), UEFISCDI (RO), RCN (NO) and FORMAS (SE), with co-funding by the European Union 

(Grant 690462). 

 

 
A1 Articles in scientific peer-reviewed journal 

A1 Scaling up from regional case studies to a global harmful algal bloom observing system. 

Anderson, C.R., Berdalet, E., Kudela, R.M., Cusack, C.K., Silke, J., O’Rourke, E., Dugan, D., McCammon, 

M., Newton, J.A., Moore, S.K., Paige, K., Ruberg, S., Morrison, J.R., Kirkpatrick, B., Hubbard, K. and 

Morell, J. (2019). Frontiers in Marine Science 6:250. https://doi.org/10.3389/fmars.2019.00250 

Recommendations for scaling up to a global observing system for Harmful algal blooms (HABs) can 

be summarized as follows: (1) advance and improve cost-effective and sustainable HAB forecast 

systems that address the HAB-risk warning requirements of key end-users at global and regional 

levels; (2) design programs that leverage and expand regional HAB observing systems to evaluate 

emerging technologies for Essential Ocean Variables (EOVs) and Essential Biodiversity Variables 

(EBVs) in order to support interregional technology comparisons and regional networks of observing 

capabilities; (3) fill the essential need for sustained, preferably automated, near real-time 

information from nearshore and offshore sites situated in HAB transport pathways to provide 

improved, advanced HAB warnings; (4) merge ecological knowledge and models with existing Earth 

System Modeling Frameworks to enhance end-to-end capabilities in forecasting and scenario- 

building; (5) provide seasonal to decadal forecasts to allow governments to plan, adapt to a changing 

marine environment, and ensure coastal industries are supported and sustained in the years ahead; 

http://www.coclime.eu/
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and (6) support implementation of the recent calls for action by the United Nations Decade 2010 

Sustainable Development Goals (SDGs) to develop indicators that are relevant to an effective and 

global HAB early warning system. 

 

 
A1 Summer hydrographic changes in the Baltic Sea, Kattegat and Skagerrak projected in an 

ensemble of climate scenarios downscaled with a coupled regional ocean–sea ice–atmosphere 

model. Gröger, M., Arneborg, L., Dieterich, C., Höglund, A. and Meier H.E.M. (2019). Climate 

Dynamics 53, 5945–5966. https://doi.org/10.1007/s00382-019-04908-9 This model study 

investigates summer hydrographic changes in response to climate projections following the CMIP5 

RCP8.5 scenario. We use the high resolution regional coupled ocean–sea ice–atmosphere model 

RCA4–NEMO to downscale an ensemble of five global climate projections with a main focus on the 

Baltic Sea and neighbouring shelf basins to the west. 

 

 
A1 Effects of the toxic dinoflagellate Ostreopsis cf. ovata on survival, feeding and reproduction 

of a phytal harpacticoid copepod. Pavaux, A. S., Rostan, J., Guidi-Guilvard, L., Marro, S., Ternon, E., 

Olivier P.T., Lemée, R., Gasparini, S. (2019). Journal of Experimental Marine Biology and Ecology, 516, 

103-113, https://doi.org/10.1016/j.jembe.2019.05.004 Open Access: 

https://www.sciencedirect.com/science/article/am/pii/S0022098118304453 In the present study, 

laboratory experiments were performed on a meiobenthic copepod (Sarsamphiascus cf. propinquus), 

which naturally lives on macrophytes in close contact to O. cf. ovata, in order to assess its potential 

toxic effects on mortality, fecal pellet production (as a proxy of feeding), as well as fecundity and 

fertility ratios. Both, O. cf. ovata as well as a non-toxic competitive diatom (Licmophora paradoxa), 

were used as food in the experiments. Regarding acute toxicity evaluation, this copepod proved to 

be the most tolerant organism to O. cf. ovata reported to date. Nevertheless, its fecundity and 

fertility ratios were lower when fed with the toxic dinoflagellate, indicating a possible reprotoxic 

effect. Moreover, although fecal pellet production decreased significantly when the copepod was fed 

with a mono-diet of O. cf. ovata, epifluorescence microscopy observations revealed the presence of 

the toxic cells inside the digestive track, hence suggesting that these primary grazers could be a 

vector of toxins through the marine food web. 

 

 
A1 Evolving and Sustaining Ocean Best Practices and Standards for the Next Decade. Pearlman J., 

Bushnell M., Coppola L., Karstensen J., Buttigieg P.L., Pearlman F., Simpson P., Barbier M., Muller- 

Karger F.E., Munoz-Mas C., Pissierssens P., Chandler C., Hermes J., Heslop E., Jenkyns R., Achterberg 

E.P., Bensi M., Bittig H.C., Blandin J., Bosch J., Bourles B., Bozzano R., Buck J.J.H., Burger E.F., Cano D., 

Cardin V., Llorens M.C., Cianca A., Chen H., Cusack C., Delory E., Garello R., Giovanetti G., Harscoat V., 

Hartman S., Heitsenrether R., Jirka S., Lara-Lopez A., Lantéri N., Leadbetter A., Manzella G., Maso J., 

McCurdy A., Moussat E., Ntoumas M., Pensieri S., Petihakis G., Pinardi N., Pouliquen S., Przeslawski R., 

Roden N.P., Silke J., Tamburri M.N., Tang H., Tanhua T., Telszewski M., Testor P., Thomas J., 

Waldmann C. and Whoriskey F. (2019) Frontiers in Marine Science 6:277. 

https://doi.org/10.3389/fmars.2019.00277 The oceans play a key role in global issues such as climate 

change, food security, and human health. Given their vast dimensions and internal complexity, 

efficient monitoring and predicting of the planet’s ocean must be a collaborative effort of both 

regional and global scale. To meet the urgent, planet-wide challenges we face, methods across all 

http://www.sciencedirect.com/science/article/am/pii/S0022098118304453
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aspects of ocean observing should be broadly adopted by the ocean community and, where 

appropriate, should evolve into “Ocean Best Practices.” While many groups have created best 

practices, they are scattered across the Web or buried in local repositories and many have yet to be 

digitized. To reduce this fragmentation, we introduce a new open access, permanent, digital 

repository of best practices documentation (oceanbestpractices.org) that is part of the Ocean Best 

Practices System (OBPS). This paper lays out a future vision of ocean best practices and how OBPS 

will contribute to improving ocean observing in the decade to come. 

 

 
A1 Using chemical language to shape future marine health. Saha M, Berdalet E, Carotenuto Y, 

Fink P, Harder T, John U, Not F, Pohnert G, Potin P, Selander E, Vyverman W, Wichard T, Zupo V, and 

Steinke M. (2019) Concepts and questions paper. Frontiers in Ecology and Environment 17: 9, 530 – 

537 doi:10.1002/fee.2113 Open Access: 

https://esajournals.onlinelibrary.wiley.com/doi/full/10.1002/fee.2113 “Infochemicals” (information‐ 

conveying chemicals) dominate much of the underwater communication in biological systems. They 

influence the movement and behavior of organisms, the ecological interactions between and across 

populations, and the trophic structure of marine food webs. However, relative to their terrestrial 

equivalents, the wider ecological and economic importance of marine infochemicals remains 

understudied and a concerted, cross‐disciplinary effort is needed to reveal the full potential of 

marine chemical ecology. We highlight current challenges with specific examples and suggest how 

research on the chemical ecology of marine organisms could provide opportunities for implementing 

new management solutions for future “blue growth” (the sustainable use of ocean resources) and 

maintaining healthy marine ecosystems. 

 

 
A1 Combined Effects of Temperature, Irradiance, and pH on Teleaulax amphioxeia 

(Cryptophyceae) Physiology and Feeding Ratio For Its Predator Mesodinium rubrum (Ciliophora). 

Gaillard S, Charrier A, Malo F, Carpentier, L., Bougaran, G., Hégaret, H., Réveillon, D., Hess, P. and 

Séchet, V. (2020). Journal of Phycology, 2020;56(3):775-783. https://doi.org/10.1111/jpy.12977 It is 

important to better understand the ecology of organisms at the first trophic levels before assessing 

the impact of principal factors of global change on Dinophysis spp. This multi-parametric study 

indicated a high potential for a significant increase of T. amphioxeia in future climate conditions but 

to what extent this would lead to increased occurrences of Mesodinium spp. and Dinophysis spp. 

should be further investigated. In this paper is an algorithm for modelling the growth of Teleaulax 

amphioxeia. Improvements to the product are needed - more culture studies and surveys to text 

hypotheses in the wild. The mathematical growth equation for Teleaulax amphioxeia, derived from 

culture studies, can be applied in future numerical modelling and climate modelling studies to 

improve representation of this prey under different climate related environmental pressures. 

 

 
A1 Cultures of Dinophysis sacculus, D. acuminata and pectenotoxin 2 affect gametes and 

fertilization success of the Pacific oyster, Crassostrea gigas. Gaillard S, Le Goïc N, Malo F, Boulais M, 

Fabioux C, Zaccagnini L, Carpentier L, Sibat M, Réveillon D, Séchet V, Hess P, Hégaret H. (2020) 

Environ Pollut. 2020 Oct;265(Pt B):114840. doi: 10.1016/j.envpol.2020.114840. Epub 2020 May 20. 

PMID: 32570022. Harmful algal blooms (HABs) of toxic species of the dinoflagellate genus Dinophysis 

are a threat to human health as they are mainly responsible for diarrheic shellfish poisoning (DSP) in 
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the consumers of contaminated shellfish. The present study aimed to determine the in vitro effects 

of either cultivated strains of D. sacculus and D. acuminata isolated from France or their associated 

toxins (i.e. okadaic acid (OA) and pectenotoxin 2 (PTX2)) on the quality of the gametes of the Pacific 

oyster Crassostrea gigas. 

 

 
A1 Aerosol toxins emitted by harmful algal blooms susceptible to complex air-sea interactions. 

Medina-Pérez, N.-I., Dall'Osto, M., Decesari, S., Paglione, M., Moyano, E., Berdalet, E. Environmental 

Science and Technology 55(1): 469-477, https://dx.doi.org/10.1021/acs.est.0c05795 Open Access: 

https://digital.csic.es/bitstream/10261/229839/4/Medina_et_al_2021_preprint.pdf Critical research 

is needed regarding harmful algal blooms threatening ecosystem and human health, especially 

through respiratory routes. Additional complexity comes from the poorly understood factors 

involved in the physical production of marine aerosols coupled with complex biogeochemical 

processes at ocean surfaces. Here by using a marine aerosol generation tank five bubble-bursting 

experiments (with contrasting incubation times and, likely, physiological microalgal states) were run 

to investigate simultaneously the concentrations of the toxins, synthesized by a natural Ostreopsis cf. 

ovata bloom, in suspension in the water and in the atmosphere. Overall, the results suggest that 

aerosol production and diffusion of marine toxins in the atmosphere are regulated by complex 

interactions between biological processes and air-sea aerosol production dynamics. 

 

 
A1 Basin-specific changes in filamentous cyanobacteria community composition across four 

decades in the Baltic Sea. Olofsson, M. Suikkanen, S., Kobos, J., Wasmund, N. and Karlson, B. (2020). 

Basin-specific changes in filamentous cyanobacteria community composition across four decades in 

the Baltic Sea. Harmful Algae https://doi.org/10.1016/j.hal.2019.101685 Almost every summer, 

dense blooms of filamentous cyanobacteria are formed in the Baltic Sea. These blooms may cause 

problems for tourism and ecosystem services, where surface accumulations and beach fouling are 

commonly occurring. Future changes in environmental drivers, including climate change and other 

anthropogenic disturbances, may further enhance these problems. By compiling monitoring data 

from countries adjacent to the Baltic Sea, we present spatial and temporal genus-specific distribution 

of diazotrophic filamentous cyanobacteria (Nostocales) during four decades (1979–2017). 

 

 
A1 Large seasonal and spatial variation in nano- and microphytoplankton diversity along a Baltic 

Sea—North Sea salinity gradient. Olofsson, M., Hagan, J.G., Karlson, B., Gamfeldt, L. (2020) Large 

seasonal and spatial variation in nano- and microphytoplankton diversity along a Baltic Sea—North 

Sea salinity gradient. Scientific Reports 10(1), 17666. https://doi.org/10.1038/s41598-020-74428-8 

Aquatic phytoplankton experience large fluctuations in environmental conditions during seasonal 

succession and across salinity gradients, but the impact of this variation on their diversity is poorly 

understood. We examined spatio-temporal variation in nano- and microphytoplankton (> 2 µm) 

community structure using almost two decades of light-microscope based monitoring data. The 

dataset encompasses 19 stations that span a salinity gradient from 2.8 to 35 along the Swedish 

coastline. Spatially, both regional and local phytoplankton diversity increased with broad-scale 

salinity variation. Overall, we provide insights into the causes of spatio-temporal variation in coastal 

phytoplankton community structure while also identifying knowledge gaps. 
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A1 Olofsson, M., Klawonn, I. & Karlson, B. (2020) Nitrogen fixation estimates for the Baltic Sea 

indicate high rates for the previously overlooked Bothnian Sea. Ambio. 

https://doi.org/10.1007/s13280-020-01331-x Dense blooms of diazotrophic filamentous 

cyanobacteria are formed every summer in the Baltic Sea. We estimated their contribution to 

nitrogen fixation by combining two decades of cyanobacterial biovolume monitoring data with 

recently measured genera-specific nitrogen fixation rates. Those estimates are crucial for ecosystem 

adaptive management since internal nitrogen loading may counteract the positive effects of 

decreased external nutrient loading. 

 

 
A1 Chemical Ecology of the Benthic Dinoflagellate Genus Ostreopsis: Review of Progress and 

Future Directions. Pavaux, A-S., Berdalet E., Lemée R. (2020) Frontiers in Marine Science. 

https://www.frontiersin.org/articles/10.3389/fmars.2020.00498/full The genus Ostreopsis includes 

some species that produce high biomass blooms and/or synthesize toxic compounds that can be 

transferred through the marine food webs or aerosolized causing ecological, human health and 

socio-economic impacts. Ostreopsis species are increasing their biogeographic distribution from 

tropical to more temperate waters and causing recurrent blooms in certain coastal areas, thus 

constituting an emerging concern worldwide. The proliferation capacity of Ostreopsis is due to a 

complex and poorly understood combination of multiple factors, and may be a paradigm of chemical 

ecology reviewed here. 

 

 
A1 Efficient, fast and inexpensive bioassay to monitor benthic microalgae toxicity: Application to 

Ostreopsis species. Pavaux, A.-S., Ternon, E., Dufour, L., Marro, S., Gémin, M.-P.,Thomas, O.P., Lemée, 

R. (2020). Aquatic Toxicology, Volume 223, https://doi.org/10.1016/j.aquatox.2020.105485 Open 

Access: https://archimer.ifremer.fr/doc/00624/73625/73051.pdf Even though HPLC-MS is commonly 

used to quantify the toxin content of Ostreopsis spp. cells, there is a need to develop easy-to-use 

toxicological tests to set thresholds during Ostreopsis spp. blooms. The crustacean Artemia has been 

widely used to evaluate the presence and toxicity of chemicals and biological contaminants and we 

anticipated that it could also be useful to test Ostreopsis spp. toxicity. Its relevance was first assessed 

by investigating the variability of the toxic effects among Ostreopsis spp. strains and throughout the 

dinoflagellate life cycle in combination with chemical analyses of the toxinic content by UHPLC-HRMS. 

The results highlight the accuracy and sensitivity of the ecotoxicological assay with Artemia 

franciscana to assess the toxicity of Ostreopsis spp. blooms. 

 

 
A1 Climate change and harmful benthic microalgae. Tester, P.A., Litaker, R.W., Berdalet, E. (2020) 

Harmful Algae, https://doi.org/10.1016/j.hal.2019.101655 Sea surface temperatures in the world’s 

oceans are projected to warm by 0.4–1.4 °C by mid twenty-first century causing many tropical and 

sub-tropical harmful dinoflagellate genera like Gambierdiscus, Fukuyoa and Ostreopsis (benthic 

harmful algal bloom species, BHABs) to exhibit higher growth rates over much of their current 

geographic range, resulting in higher population densities. The current understanding of habitat 

requirements that determine species distributions are reviewed to provide fuller understanding of 

how individual species will respond to climate change from the present to 2055 while addressing the 

http://www.frontiersin.org/articles/10.3389/fmars.2020.00498/full
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paucity of information on environmental factors controlling small-scale distribution in localized 

habitats. Based on the available information, we hypothesized how complex environmental 

interactions can influence abundance and potential range extensions of BHAB species in different 

biogeographic regions and identify sentinel sites appropriate for long-term monitoring programs to 

detect range extensions and reduce human health risks. 

 

 
A1 Chemical Signaling in the Turbulent Ocean—Hide and Seek at the Kolmogorov Scale. Selander, 

E., Fredriksson, S.T., Arneborg, L. (2020) Fluids 2020, 5, 54. https://doi.org/10.3390/fluids5020054 

Chemical cues and signals mediate resource acquisition, mate finding, and the assessment of 

predation risk in marine plankton. Here, we use the chemical properties of the first identified 

chemical cues from zooplankton together with in situ measurements of turbulent dissipation rates to 

calculate the effect of turbulence on the distribution of cues behind swimmers as well as steady state 

background concentrations in surrounding water. We further show that common zooplankton 

(copepods) appears to optimize mate finding by aggregating at the surface in calm conditions when 

turbulence do not prevent trail following. We conclude that the trails behind millimeter-sized 

copepods can be detected in naturally occurring turbulence below the wind mixed surface layer or in 

the absence of strong wind. The trails, however, shorten dramatically at high turbulent dissipation 

rates, above ~10−3 cm2 s −3 (10−7 W kg−1). 
 

 
A1 Current distribution and potential expansion of the harmful benthic dinoflagellate Ostreopsis 

cf. siamensis towards the warming waters of the Bay of Biscay, North‐East Atlantic. Drouet, K., 

Jauzein, C., Herviot-Heath, D., Hariri, S., Laza-Martinez, A., Lecadet, C., Plus, M., Seoane, S., 

Sourisseau, M., Lemée, R. and Siano, R. (2021). Environmental Microbiology 

https://doi.org/10.1111/1462-2920.15406 Access on Demand: Please contact Marc Sourisseau 

(marc.sourisseau@ifremer.fr) for a copy. In a future scenario of increasing temperatures in North- 

Atlantic waters, the risk associated with the expansion of the harmful, benthic dinoflagellate 

Ostreopsis cf. siamensis has to be evaluated and monitored. Microscopy observations and spatio- 

temporal surveys of environmental DNA (eDNA) were associated with Lagrangian particle dispersal 

simulations to: (i) establish the current colonization of the species in the Bay of Biscay, (ii) assess the 

spatial connectivity among sampling zones that explain this distribution, and (iii) identify the sentinel 

zones to monitor future expansion. Due to the water circulation, colonization of the whole bay from 

the southern blooming zones is explained by inter-site connectivity. Key areas in the middle of the 

bay permit continuous dispersal connectivity towards the north. These key areas are proposed as 

sentinel zones to monitor O. cf. siamensis invasions towards the presumably warming water of the 

North-East Atlantic. 

 

 
A1 The vulnerability of shellfish farmers to HAB events: An optimal matching analysis of closure 

decrees. Guillotreau, P., Le Bihan, V., Morineau, B., Pardo, S. (2021). Harmful Algae, Volume 101, 

101968, https://doi.org/10.1016/j.hal.2020.101968 Open Access: https://archimer.ifremer.fr (search 

Guillotreau 2021) When toxic algae blooms threaten human health, public authorities may decide to 

shut down the farming business for a while, i.e. ranging from a few days to several weeks or months, 

according to the severity of risks. The impact of closures being temporally and spatially distributed, 

shellfish farmers can avoid the risky zones or develop adaptive strategies to mitigate the economic 
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consequences and therefore reduce significantly their business sensitivity to HABs. A sequential 

approach by optimal matching analysis is applied to an original data set of shellfish area closure 

decrees between April 2004 and December 2018 in Southern Brittany and Pays de la Loire (France) to 

build a typology of 79 aquaculture zones affected by various HAB and microbiological hazards (ASP, 

DSP, Norovirus, E. Coli, oil spills). 

 

 
A1 Harmful algal blooms and their effects in coastal seas of Northern Europe. Karlson, B., 

Andersen, P., Arneborg, L., Cembella, A., Eikrem, W., John, U., West, J.J., Klemm, K., Kobos, J., 

Lehtinen, S., Lundholm, N., Mazur-Marzec, H., Naustvoll, L., Poelman, M., Provoost, P., De Rijcke, M., 

Suikkanen, S. (2021) Harmful Algae 102, 101989. https://doi.org/10.1016/j.hal.2021.101989 Harmful 

algal blooms (HAB) are recurrent phenomena in northern Europe along the coasts of the Baltic Sea, 

Kattegat-Skagerrak, eastern North Sea, Norwegian Sea and the Barents Sea. This status review gives 

an overview of historical HAB events and summarises reports to the Harmful Algae Event Database 

from 1986 to the end of year 2019 and observations made in long term monitoring programmes of 

potentially harmful phytoplankton and of phycotoxins in bivalve shellfish. Coastal and shelf sea 

regions in northern Europe provide a key supply of seafood, socioeconomic well-being and 

ecosystem services. Increasing anthropogenic influence and climate change create environmental 

stressors causing shifts in the biogeography and intensity of HABs. Continued monitoring of HAB and 

phycotoxins and the operation of historical databases such as HAEDAT provide not only an ongoing 

status report but also provide a way to interpret causes and mechanisms of HABs. 

 

 
A1 Editorial - Chemically Mediated Interactions Between Marine Macrophytes and Microbes. 

Saha, M., Berdalet E., Potin P., Da Gama, B. A. P. (2021) Frontiers in Marine Science, 7, 1226, 

https://doi.org/10.3389/fmars.2020.640494 This Research Topic ensembles seven research articles 

and one review paper aimed at advancing our knowledge of the chemically mediated macroalgae— 

microalgae—microbe interactions. 

 

 
A1 Characterization of toxin-producing strains of Dinophysis spp. (Dinophyceae) isolated from 

French coastal waters, with a particular focus on the D. acuminata-complex. Séchet V., Sibat M., 

Billien G., Carpentier L., Rovillon G.A., Raimbault V., ent Malo F., Gaillard S., Perrière-Rumebe M., 

Hess P., Chomérat N. (2021) Harmful Algae, https://doi.org/10.1016/j.hal.2021.101974. Open Access: 

https://archimer.ifremer.fr/doc/00679/79081/81880.pdf Dinoflagellates of the genus Dinophysis are 

the most prominent producers of Diarrhetic Shellfish Poisoning (DSP) toxins which have an impact on 

public health and on marine aquaculture worldwide. In particular, Dinophysis acuminata has been 

reported as the major DSP agent in Western Europe. Still, its contribution to DSP events in the 

regions of the English Channel and the Atlantic coast of France, and the role of the others species of 

the Dinophysis community in these areas are not as clear. In addition, species identification within 

the D. acuminata complex has proven difficult due to their highly similar morphological features. The 

aim of this work was to characterize the genetic and morphological variability as well as the toxin 

profiles of the dominant species of Dinophysis isolated from French coastal waters, including the 

English Channel, the Bay of Biscay (Atlantic Ocean) and the Mediterranean Sea. A set of 30 

monoclonal cultures including strains of the D. acuminata-complex (putatively D. acuminata and D. 
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sacculus), D. acuta, D. caudata and D. tripos have been isolated from different locations between 

2015 and 2019. 

 

 
A1 Understanding and managing harmful algal bloom risks in a changing climate: lessons from 

the European CoCliME project. West, J.J., Järnberg, L., Berdalet, E. and Cusack, C. (2021) Journal of 

Frontiers in Climate, Climate Risk Management. 3: 39 https://doi.org/10.3389/fclim.2021.636723 

This paper discusses the conceptual and methodological challenges to co-developing high-quality and 

transferable knowledge to understand and manage harmful algal bloom (HAB) risks as part of 

adaptation to changing aquatic ecosystems in Europe. 

 

 
A1 The Irish Atlantic CoCliME Case Study Configuration, Validation and Application of a 

downscaled ROMS ocean climate model off SW Ireland. Nagy H., Pereiro, D., Yamanaka, T., Cusack, C., 

Nolan, G., Tinker, J., Dabrowski, T. (2021). Harmful Algae In Press. Access on Demand: Please contact 

Hazem Nagy (Hazem.Nagy@Marine.ie) for a copy. In this ocean climate downscaled model study, 

four simulations were developed to include a 20-year hindcast simulation (1997 – 2016), a 31-year 

historical simulation (1975 – 2005), and two 30-year future climate model projections (2006 – 2035) 

for the representative carbon pathways (RCP) 4.5 and 8.5 scenarios. This paper discusses the model 

set-up, the validation steps and useful products developed for our target users. 

 

 
A1 Effect of a short-term salinity stress on the growth, biovolume, toxins, osmolytes and 

metabolite profiles on three strains of the Dinophysis acuminata-complex (Dinophysis cf. sacculus). 

Gaillard, S., Réveillona, D., Danthu, C., Hervé, F., Sibat, M., Carpentier, L., Hégaret, H., Séchet, V., Hess, 

P. (2021) Harmful Algae, DOI: 10.1016/j.hal.2021.102009 Dinophysis is the main dinoflagellate genus 

responsible for diarrheic shellfish poisoning (DSP) in human consumers of filter feeding bivalves 

contaminated with lipophilic diarrheic toxins. Species of this genus have a worldwide distribution 

driven by environmental conditions (temperature, irradiance, salinity, nutrients etc.), and these 

factors are sensitive to climate change. The D. acuminata-complex may contain several species, 

including D. sacculus. The three D. cf. sacculus strains tolerated hypo- and hyperosmotic conditions 

(25 and 42 vs. 35). Higher proline, glycine betaine and DMSP contents of D. cf. sacculus at the highest 

salinity. Growth, biovolume, toxin contents and profiles were not affected by salinity stress. 

Metabolomics showed intraspecific variability of D. cf. sacculus but no clear salinity effect. These 

results, as well as the absence of effects on growth rate, biovolume, okadaic acid (OA) and 

pectenotoxin (PTXs) cellular contents, suggest that the D. cf. sacculus strains studied are highly 

tolerant to salinity variations. 

 

 
A1 Is interactive air sea coupling relevant for simulating the future climate of Europe? Gröger, 

M., Dieterich, C. and Meier, H.E.M. (2021) Clim Dyn 56, 491–514. https://doi.org/10.1007/s00382- 

020-05489-8 The majority of regional climate change assessments for the Euro-CORDEX region is 

based on high resolution atmosphere models. These models use prescribed lower boundary 

conditions, such as sea surface temperatures (SST) from global ocean General Circulation Models 

(GCMs), that do not respond to changes simulated by the regional atmosphere model, thus lacking 

an important feedback to the atmosphere. However, research during the past decade indicated that 
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the use of coupled atmosphere–ocean models can lead to significantly altered model solutions 

compared to standalone atmosphere models for the present day climate imposing some uncertainty 

on the widely used uncoupled future scenarios. We here present the first multi-model and multi 

scenario (RCP2.6, RCP4.5, RCP8.5) ensemble of future climate change scenarios downscaled with a 

coupled atmosphere—ocean model in which sea surface temperature and sea ice fields are explicitly 

simulated by a coupled state-of-the-art high resolution ocean model and communicated to the 

atmosphere at 3-hourly time steps. 

 

 
A1 Diversity and regional distribution of harmful algal events along the Atlantic margin of 

Europe. Bresnan E., Arévalo F., Belin C., Branco M.A.C., Cembella A.D., Clarke D., Correa J., Davidson 

K., Dhanji-Rapkova M., Lozano R.F., Fernández-Tejedor M., Guðfinnsson H., Carbonell D.J., Laza- 

Martinez A., Lemoine M., Lewis A.M., Menéndez L.M., Maskrey B.H., McKinney A., Pazos Y., Revilla 

M., Siano R., Silva A., Swan S., Turner A.D., Schweibold L., Provoost P., Enevoldsen H. (2021) Harmful 

Algae. 102 https://doi.org/10.1016/j.hal.2021.101976 The IOC-ICES-PICES Harmful Algal Event 

Database (HAEDAT) was used to describe the diversity and spatiotemporal distribution of harmful 

algal events along the Atlantic margin of Europe from 1987 - 2018. Interannual variability was 

observed in the annual number of HAEDAT areas with events associated with individual shellfish 

toxin groups. HABs represent a continued risk for the aquaculture industry along the Atlantic margin 

of Europe and should be accounted for when considering expansion of the industry or operational 

shifts to offshore areas. 

 

 
A2 Article / Book intended for large audiences 

A2 Leadbetter, A., Silke, J., and Cusack, C. (2018). Creating a weekly Harmful Algal Bloom bulletin. 

A Best Practice Description Document Marine Institute, Galway, Ireland, 59 pp. 

http://dx.doi.org/10.25607/OBP-13 This document describes the procedural steps in creating an 

information product focused on toxic and harmful phytoplankton. The product is an online Harmful 

Algal Bloom (HAB) bulletin for aquaculturists, who can face serious operational challenges in the days 

after a HAB event. Data from satellite, numerical hydrodynamic models and In-situ ocean 

observations are organised and presented into visual information products. These products are 

enhanced through local expert evaluation and their interpretation is summarised in the bulletin. This 

document aims to provide both process overviews (the “what” of the Best Practice in producing the 

bulletins) and detail procedures (the “how” of the Best Practice”) so that the bulletins may be 

replicated in other geographic regions. 

 

 
A2 Ecophysiological studies on Dinophysis and its food chain, and in vitro effects of 

dinoflagellate and its toxins on the early life stages of two marine animal models (oysters and fish). 

Gaillard Sylvain (2020). PhD Thesis, University of Nantes. 

https://archimer.ifremer.fr/doc/00666/77807/ Harmful algal blooms from Dinophysis are 

responsible for diarrheal shellfish poisoning in human consumers of contaminated shellfish after 

bioaccumulation of their toxins. Dinophysis is a mixotrophic organism that sequesters the 

chloroplasts of a single prey, Mesodinium rubrum, to perform its own photosynthesis, which is itself 

mixotrophic feeding on a cryptophyte, Teleaulax amphioxeia. The relationship between these three 

http://dx.doi.org/10.25607/OBP-13
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organisms is fundamental in order to understand the distribution and dynamics of Dinophysis blooms. 

This work highlights the importance of a better understanding of the physiology of the trophic chain 

of Dinophysis, and suggests a negative effect of dinoflagellate and PTX2 on aquatic resources, 

hitherto unknown. 

 

 
A2 Introduction. Trainer, V. L., Davidson, K., Wakita, K., Berdalet, E. Suddleson, M., Myre, G., 

Trethewey, D. (2020). In: Trainer, V.L. (Ed.). GlobalHAB: Evaluating, Reducing and Mitigating the Cost 

of Harmful Algal Blooms, a Compendium of Case Studies. PICES Sci. Rep. 59, Chapter 1, 1-4. ISBN 978- 

1-927797-40-2 / ISSN 1198-273X Open Access: https://meetings.pices.int/publications/scientific- 

reports/Report59/Rpt59.pdf To strategize how specific economic studies can be used to assess the 

economic impacts of HABs and mitigate their associated risks, a Marine Environmental Quality (MEQ) 

sponsored Workshop on GlobalHAB: Evaluating, Reducing and Mitigating the Cost of Harmful Algal 

Blooms: A Compendium of Case Studies was held on October 17–19, 2019, at the Annual Meeting of 

the North Pacific Marine Science Organization (PICES; Appendices 1 and 2). During this 2.5-day 

workshop, over 48 international experts on economics, insurance of aquaculture companies, and the 

science of HABs from Australia, Canada, China, Chile, France, Japan, Korea, Norway, Scotland, Spain, 

the United Arab Emirates, the UK, and the USA discussed a compendium of case studies that 

highlighted the economic ramifications of HABs on farmed salmon and shellfish, and on wild-caught, 

reef-based fisheries. 

 

 
A2 An economic assessment of ciguatera outbreaks – an island model. Trick, C.G., Anderson, L., 

Berdalet, E. Cochlan, W.P., Wang, P., Wells, M.L. (2020) In: Trainer, V.L. (Ed.). GlobalHAB: Evaluating, 

Reducing and Mitigating the Cost of Harmful Algal Blooms, a Compendium of Case Studies. PICES Sci. 

Rep. 59, Chapter 4, 55-65. ISBN 978-1-927797-40-2 / ISSN 1198-273X Open Access: 

https://meetings.pices.int/publications/scientific-reports/Report59/Rpt59.pdf With the nexus of 

climate change, globalization, and dwindling marine fishes, more attention is being paid to the 

increasing global burden of ciguatera fish poisoning (CFP) and the development of appropriate 

strategies for intervention, especially in endemic areas such as the South Pacific Islands and the 

Caribbean Sea. CFP is a non-bacterial food poisoning event with outbreaks around the world in which 

fish concentrate a potent neurotoxin (ciguatoxin) in their organs and tissues from inadvertent 

feeding on toxic benthic algal species. Outbreaks are frequent in endemic areas in the tropics and 

semi-tropics with developed corals and benthic fish fisheries. Occurrences are also present in non- 

endemic areas where contaminated fish are exported for consumption. Local populations on tropical 

or semi-tropical islands are particularly vulnerable to this poisoning through the consumption of 

ciguatoxin-contaminated fish. Here, we consider the pecuniary costs of population exposure to CFP 

using two published studies as a template for developing a case study of the eco-socio-economic cost 

model in island nations. 

 

 
A2 Commonalities and Considerations for the Future. Wells, M. L., Kudela, R., Cochlan, W. P., 

Berdalet, E., Trainer. V. L., Wakita, K., Toshida, T. (2020) In: Trainer, V.L. (Ed.). GlobalHAB: Evaluating, 

Reducing and Mitigating the Cost of Harmful Algal Blooms, a Compendium of Case Studies. PICES Sci. 

Rep. 59, Chapter 7., 95-99. ISBN 978-1-927797-40-2 / ISSN 1198-273X Open Access: 

https://meetings.pices.int/publications/scientific-reports/Report59/Rpt59.pdf The consequences of 
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Harmful Algal Blooms (HABs) fall into two primary groups: categorical effects on human and 

ecosystem health, and the varied socio-economic consequences stemming from their occurrence. 

The effects on human health tend to be limited in much of the developed world due to extensive and 

costly monitoring practices linked to the implementation of governmental regulations that minimize, 

and ideally prevent, the transfer of toxic seafood to consumers. Socio-economic impacts, on the 

other hand, transpire with every HAB event, differ in their character and magnitude, and to date 

have been poorly quantified, particularly for indirect impacts. 

 

 
A2 The Economic Impacts of Harmful Algal Blooms on Salmon Cage Aquaculture. Davidson, K., 

Jardine, S.L., Martino, S., Myre, G.B., Peck, L. E., Raymond, R. N., and West, J. J. (2020) In: Trainer, V.L. 

(Ed.). GlobalHAB: Evaluating, Reducing and Mitigating the Cost of Harmful Algal Blooms, a 

Compendium of Case Studies. PICES Sci. Rep. 59, Chapter 6., 95-99. ISBN 978-1-927797-40-2 / ISSN 

1198-273X Open Access: https://meetings.pices.int/publications/scientific- 

reports/Report59/Rpt59.pdf In this paper, which is a result of discussions undertaken during the 

GlobalHAB HAB/economics workshop at the 2019 PICES Annual Meeting in Victoria, Canada, we 

explore the current state of knowledge about the economic impact of HABs on salmon aquaculture, 

outline economic valuation methods for quantifying potential impacts, and discuss strategies to 

mitigate negative economic impacts. 

 

 
A2 Impacts and management of dinoflagellate harmful blooms. (2020) Berdalet, E. In: 

Dinoflagellates. Classification, Evolution, Physiology and Ecological Significance. Subba Rao V. 

Durvasula [ed]. Nova Science Publishers, Inc., NY., Chapter 18, 615-642. ISBN 9781536178890; LCCN 

2020017358 (eBook) Access on Demand: Please contact Elisa Berdalet (berdalet@icm.csic.es). This 

book chapter summarizes the impacts caused by harmful blooms of some dinoflagellates that 

produce phycotoxins. Many blooms are natural processes; they cannot be completely avoided. 

However, some tools are available for the prevention, management and mitigation of the harmful 

blooms impacts. These include monitoring of the causative organisms and their toxins, sustainable 

use of the natural resources, and fundamental multidisciplinary research to predict occurrence of 

blooms. Information of the economic cost of impacts, prevention and mitigation strategies is a key 

element for the appropriate management of HABs. 

 

 
A3 Project document with public access 

A3 Implementing an easy Ostreopsis monitoring programme and warning system in 

Mediterranean coastal waters. Berdalet, E., Cusack, C., Pavaux, A.-S., Lebrun, A., Yamanaka, T., Vila, 

M., Viure, L., Lemée, R. Project document, please contact Elisa Berdalet (berdalet@icm.csic.es). The 

document describes an easy to use monitoring procedure for the Mediterranean coast aimed at 

informing the general public about the presence of Ostreopsis spp. blooms in beach areas, provide 

recommendations to prevent heath impacts, and facilitate coordination among environmental and 

health authorities, scientists and other stakeholders to manage the risks posed by these harmful 

events 
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B1 In open access 

B1 20 year hindcast [1997-2016] - SW Ireland numerical model (Authors: Hazem Nagy, Tsuyuko 

Yamanaka, Caroline Cusack, Glenn Nolan, Tomasz Dabrowski) Data access on demand: Please contact 

Tomasz Dabrowski (tomasz.dabrowski@marine.ie) The model is an implementation of the Regional 

Ocean Modelling System, ROMS 3.7 version. At open ocean boundaries it is forced with the CMEMS 

IBI model, Iberia Biscay Ireland Copernicus Marine Environment Monitoring Service and hourly 

atmospheric data from Met Éireann’s MÉRA reanalysis. 

 

 
B1 30 year climate hindcast [1976 - 2005] - SW Ireland numerical model (Authors: Hazem Nagy, 

Tsuyuko Yamanaka, Caroline Cusack, Glenn Nolan, Tomasz Dabrowski) Data access on demand: 

Please contact Tomasz Dabrowski (tomasz.dabrowski@marine.ie) The model is an implementation of 

the Regional Ocean Modelling System, ROMS 3.7 version. Open ocean boundary forcing is sourced 

from the UK Met Office’s climate model. Atmospheric data, every 3 hrs, was sourced from the largest 

ensemble of regional climate models (RCMs) available at CORDEX: Coordinated Regional Climate 

Downscaling Experiment website using the Swedish Meteorological and Hydrological Institute – Max 

Planck Institute – Earth System Model – Low Resolution (SMHI-MPI-ESM-LR) historical simulation 

output. 

 

 
B1 Climate Model RCP 8.5 [2006-2035] - SW Ireland numerical model (Authors: Hazem Nagy, 

Tsuyuko Yamanaka, Caroline Cusack, Glenn Nolan, Tomasz Dabrowski) Data access on demand: 

Please contact Tomasz Dabrowski (tomasz.dabrowski@marine.ie) The model is an implementation of 

the Regional Ocean Modelling System, ROMS 3.7 version. Open ocean boundary conditions sourced 

from the UK Met Office’s model. Atmospheric data, every 3 hrs, was sourced from the largest 

ensemble of regional climate models (RCMs) available at CORDEX: Coordinated Regional Climate 

Downscaling Experiment website using the Swedish Meteorological and Hydrological Institute – Max 

Planck Institute – Earth System Model – Low Resolution (SMHI-MPI-ESM-LR) historical simulation 

output. 

 

 
B1 Climate Model RCP 4.5 [2006-2035] - SW Ireland numerical model (Authors: Hazem Nagy, 

Tsuyuko Yamanaka, Caroline Cusack, Glenn Nolan, Tomasz Dabrowski) Data access on demand: 

Please contact Tomasz Dabrowski (tomasz.dabrowski@marine.ie) The model is an implementation of 

the Regional Ocean Modelling System, ROMS 3.7 version. Open ocean boundary conditions sourced 

from the UK Met Office’s model. Atmospheric data, every 3 hrs, was sourced from the largest 

ensemble of regional climate models (RCMs) available at CORDEX: Coordinated Regional Climate 

Downscaling Experiment website using the Swedish Meteorological and Hydrological Institute – Max 

Planck Institute – Earth System Model – Low Resolution (SMHI-MPI-ESM-LR) historical simulation 

output. 

 

 
B1 CoCliME (Co-development of Climate Services for adaptation to changing Marine Ecosystems) 

Harmful Algal Blooms (HABs) Data 1997 – 2016. (Authors: Yamanaka, Tsuyuko (1); Clarke, Dave (1); 

Cusack, Caroline (1); Nolan, Glenn (1). (2021) CoCliME (Co-development of Climate Services for 
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adaptation to changing Marine Ecosystems) Data access: 

http://data.marine.ie/geonetwork/srv/eng/catalog.search#/metadata/ie.marine.data:dataset.4442 

Harmful Algal Blooms (HABs) Data 1997 - 2016 Marine Institute, Ireland. 10/fvsg. (1) Marine Institute; 

Ireland.). This 20 year dataset contains data on cell abundance of harmful taxa, namely, Dinophysis 

acuta, Dinophysis acuminata, total Dinophysis spp., “Pseudo-nitzschia delicatissima” complex, 

“Pseudo-nitzschia seriata” complex, total Pseudo-nitzschia spp., Karenia mikimotoi and total Karenia 

spp. in the period from 1st January 1997 to 31st December 2016; this time period matches the 

hindcast numerical model output (20 year hindcast [1997-2016], SW_IRL_ROMS_Hindcast). The 

geographic boundary box of in-situ sites in this database is located similar to the hindcast model 

domain, i.e., 11.602˚ W ; 8.025˚ W and 50.078˚ N; 52.788˚ N. 

 

 
B1 Harmful Algal Blooms (HABs) weekly maximum and environmental dataset 1997-2016 North 

East Atlantic Ocean. (Authors: Yamanaka, Tsuyuko (1); Fabri-Ruiz, Salomé (2); Nagy, Hazem (1); 

Pereiro, Diego Pereiro (1); Cusack, Caroline (1); Nolan, Glenn (1); Dabrowski, Tomasz (1); Clarke, Dave 

(1). (2021) Harmful Algal Blooms (HABs) weekly maximum and environmental dataset 1997-2016 

North East Atlantic Ocean Marine Institute, Ireland. 10/fvsf. (1) Marine Institute; Ireland; (2) 

Sorbonne University Paris; France) Data access: 

http://data.marine.ie/geonetwork/srv/eng/catalog.search#/metadata/ie.marine.data:dataset.4445 

This dataset was created for niche modelling (GBM model) with weekly maximum HAB species cell 

counts per ID (this ID matching Climate_run_corr.rds and Projection_corr.rds) and combined with 

Climate_run_corr.rds. This 20 year dataset contains data on weekly maximum cell abundance of 

harmful taxa, namely, Dinophysis acuta, Dinophysis acuminata, total Dinophysis spp., “Pseudo- 

nitzschia delicatissima” complex, “Pseudo-nitzschia seriata” complex, total Pseudo-nitzschia spp., 

Karenia mikimotoi and total Karenia spp. and environmental data, Sea Surface Temperature, Near 

Bottom Temperature, Sea Surface Salinity, Near Bottom Salinity and Potential Energy Deficit in the 

period from 1st January 1997 to 31st December 2016; this time period matches the hindcast 

numerical model output (20 year hindcast [1997-2016], SW_IRL_ROMS_Hindcast). 

 

 
B1 CoCliME (Co-development of Climate Services for adaptation to changing Marine Ecosystems) 

Harmful Algal Blooms (HABs) and Toxin Weekly Maximum Data 2011-2019 (Authors: Yamanaka, 

Tsuyuko (1); Clarke, Dave (1); Cusack, Caroline (1); Nolan, Glenn (1). (2021) CoCliME (Co- 

development of Climate Services for adaptation to changing Marine Ecosystems) Harmful Algal 

Blooms (HABs) and Toxin Weekly Maximum Data 2011-2019 Marine Institute, Ireland. 10/fvrx. (1) 

Marine Institute; Ireland). Data access: 

http://data.marine.ie/geonetwork/srv/eng/catalog.search#/metadata/ie.marine.data:dataset.4440 

This 9 year dataset contains data on maximum cell abundance of harmful taxa per week in each 

location, namely, Dinophysis acuta, Dinophysis acuminata, total Dinophysis spp., “Pseudo-nitzschia 

delicatissima” complex, “Pseudo-nitzschia seriata” complex, total Pseudo-nitzschia spp., Karenia 

mikimotoi and total Karenia spp. as well as maximum toxin level per week in each location (HY OA, 

HY DTX1, HY DTX2, PTX1, PTX2) in the period from 1st January 2011 to 31st December 2019. As 

stated in the script used to process this dataset, <LOD (limit of detection) is replaced by 5 µg/kg and 

<LOQ by 15 µg/kg following the current regulation limit value, and this dataset only contains whole 

flesh data to match with French and Swedish datasets. 
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B1 Harmful Algal Blooms (HABs) weekly mean and environmental dataset 1997-2016 North East 

Atlantic Ocean. (Authors: Yamanaka, Tsuyuko (1); Nagy, Hazem (1); Pereiro, Diego (1); Cusack, 

Caroline (1); Nolan, Glenn (1); Clarke, Dave (1); Dabrowski, Tomasz (1). (2021) Harmful Algal Blooms 

(HABs) weekly mean and environmental dataset 1997-2016 North East Atlantic Ocean Marine 

Institute, Ireland. 10/fvsh. (1) Marine Institute; Ireland.) Data access: 

http://data.marine.ie/geonetwork/srv/eng/catalog.search#/metadata/ie.marine.data:dataset.4441 

This dataset was created for ZINB GAMM with (Harmful Algal Blooms) HABs weekly mean and weekly 

mean dataset from hindcast model. This 20 year dataset contains data on weekly mean cell 

abundance of harmful taxa, namely, Dinophysis acuta, Dinophysis acuminata, total Dinophysis spp., 

“Pseudo-nitzschia delicatissima” complex, “Pseudo-nitzschia seriata” complex, total Pseudo-nitzschia 

spp., Karenia mikimotoi and total Karenia spp. and environmental data, Sea Surface Temperature, 

Near Bottom Temperature, Sea Surface Salinity, Near Bottom Salinity, Mixed Layer Depth and 

Potential Energy Deficit in the period from 1st January 1997 to 31st December 2016; this time period 

matches the hindcast numerical model output (20 year hindcast [1997-2016], 

SW_IRL_ROMS_Hindcast) 

 
 
 
 

B1 Database of trade bans in NW France (Authors: Guillotreau, P., Le Bihan, V., Morineau, B., 

Pardo, S.) Data request link: www.atlas-sanitaire-coquillages.fr This database enables further studies 

about the relationship between harmful algal bloom events and shellfish trade bans. This database is 

a centralised digital database containing trade ban data between the years 2004 and 2018. The 

database has ten main fields, County, Name and code area, Date of trade bans, Modification of 

prefectural decree, Date of abrogation/repeal, Type of event, Type of contamination, Species group, 

Particular species and Except some species. The database will be stored online in a National portal 

giving access to shellfish production and bedding areas. The product will be open and freely available 

in particular to scientists and future project managers. 

 

 
B1 Geographical areas with regular Dinophysis observations. (Authors: Drouet, K., Jauzein, C., 

Herviot-Heath, D., Hariri, S., Laza-Martinez, A., Lecadet, C., Plus, M., Seoane, S., Sourisseau, M., 

Lemée, R. and Siano, R.) Data access: https://gitlab.ifremer.fr/ms05bff/coclime_connectivity/- 

/blob/master/DATA_LAG/Dinophysis_Centers_Stations.mat. This product contains the geographic 

position (lat/long data) of important ocean areas studied in CoCliME. The lat/long position is taken 

from the centre of each 1° coloured square box in the map. Ocean current connectivity was 

investigated by deploying and receiving virtual numerical particles at these coloured 1° square boxes 

representing stations, identified as the most important study areas to investigate. Many of the study 

areas (stations; coloured square boxes) were selected using historical information from in-situ 

observations of Dinophysis spp. For example, observations during scientific cruises in the Celtic Sea, 

in the Vilaine & Loire Estuaries and at the entrance of the Rias Baixas in Spain. Regular in-situ 

observations of Dinophysis at coastal monitoring programme stations informed decisions to select 

other key focus areas (e.g., stations at the Landes Shelf, the Bay of Seine were identified as important 

from Dinophysis cell count data held in the French REPHY monitoring programme historical database; 

http://www.atlas-sanitaire-coquillages.fr/
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https://doi.org/10.17882/47248). Finally, expert opinion was used to select some of the study areas 

(stations), e.g., off the NW coast of Spain and at the entrance to the North Sea in the English Channel. 

 

 
B1 Geographical areas with potential Ostreopsis observations. (Authors: Drouet, K., Jauzein, C., 

Herviot-Heath, D., Hariri, S., Laza-Martinez, A., Lecadet, C., Plus, M., Seoane, S., Sourisseau, M., 

Lemée, R. and Siano, R.) Data access: https://gitlab.ifremer.fr/ms05bff/coclime_connectivity/- 

/blob/master/DATA_LAG/zonesConnect.csv. This dataset contains the geographic positions (lat/long 

data) of important ocean areas (stations) identified for Ostreopsis. The coloured square boxes are 

important locations selected for the Ostreopsis modelling experiments. Locations were identified 

based on historical records of Ostreopsis cell counts (Laza-Martinez et al. 2011) and where local 

environmental features are favourable to allow Ostreopsis development. All stations selected are 

located in sheltered habitats with low wave action exposure, and with rocky substrates present to 

support macroalgae settlement. These local characteristics are essential to support Ostreopsis 

settlement on the macroalgae. 

 

 
B1 Particles Trajectories for each focus area. (Authors: Drouet, K., Jauzein, C., Herviot-Heath, D., 

Hariri, S., Laza-Martinez, A., Lecadet, C., Plus, M., Seoane, S., Sourisseau, M., Lemée, R. and Siano, R.) 

Due to the large file sizes, only a few examples are available online. Data access examples: 

https://gitlab.ifremer.fr/ms05bff/coclime_connectivity/-/tree/master/DATA_LAG Additional files 

must be requested by email (contact: Marc.Sourisseau@ifremer.fr). This dataset includes the 

CoCliME virtual tracking modelling experiment results. Flow fields used for the particle advection 

were provided by the MARS3D model (MARS3D-MANGAE4000) in the period 2010 to 2014. The 

transport trajectories of each virtual particle was calculated using an off-line Lagrangian particle 

tracking mass-preserving scheme called ICHTHYOP (Lett et al. 2008). A description of the ICHTHYOP 

algorithm is available at this web page: www.ichthyop.org. Simulated particle trajectories, in the case 

of Dinophysis, are separated into seasons, year and initial area (station number, the coloured square 

boxes). The spring/summer releases refer to the time period 15 April to 15 July (P 3.3.1). The 

autumn/winter releases refer to the time period 15 October to 15 January. The geographic positions 

of the virtual particles are recorded every two days in the ICHTHYOP model run. The geographic 

position of each individual particle and associated time stamp are stored as Matlab files. For 

Ostreopsis, the simulated particle trajectories are only separated by initial area or station number, 

and particles were released from 15 May to 15 August. 

 

 
B1 Lagrangian Indices. (Authors: Drouet, K., Jauzein, C., Herviot-Heath, D., Hariri, S., Laza- 

Martinez, A., Lecadet, C., Plus, M., Seoane, S., Sourisseau, M., Lemée, R. and Siano, R.) Data access: 

https://gitlab.ifremer.fr/ms05bff/coclime_connectivity/-/tree/master/DATA_LAG. This dataset is a 

set of indices that describe the connectivity strength between different ocean areas or stations. The 

three indices calculated include the “mean transit time”, the “minimum transit time” and the “most 

frequent values of transit time”. The transit time is the time required for a particle released at one 

station to arrive at another station (the reporting unit is in “days”). 

http://www.ichthyop.org/
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B1 Long term phytoplankton data from Swedish National Marine Monitoring Programme 

(Author: Karlson, B.) Access on Demand: Please contact Bengt Karlson (Bengt.Karlson@smhi.se) 

Phytoplankton monitoring in Swedish off shore and coast waters. 

 

 
B1 NEMO-Nordic SCOBI hindcast model: 1979-2015. (Authors: Hordoir, R., Axell, L., Höglund, A., 

Dieterich, C., Fransner, F., Gröger, M., ... & Ljungemyr, P). Data access: The hindcast data are freely 

available to scientists and future projects. Data request link: ocean.data@smhi.se The model is a high 

resolution ocean sea ice model NEMO-Nordic (Hordoir et al., 2018) coupled to the biogeochemistry 

model SCOBI (Eilola et al. 2009). The model domain covers both the Baltic Sea and North Sea. 

 

 
B1 RCA4-NEMO regional model downscaling for the Baltic Sea and North Sea: 1970-2099. 

RCP4.5 and 8.5 ensemble of 5 global climate models. (Authors: Gröger, M., Arneborg, L., Dieterich, C., 

Höglund, A., & Meier, H. E. M.). Data access: The hindcast data are freely available to scientists and 

future projects. Data request link: ocean.data@smhi.se Climate projections with the coupled 

Atmosphere – ice – ocean model RCA4-NEMO (Gröger et al. 2019). Downscaling of 5 CMIP5 models: 

MPI-ESM-LR, HadGEM2-ES, EC-EARTH, GFDL-ESM2 M, and IPSL-CM5A-MR. 

 

 
B1 Bias corrected time series of physical and biogeochemical climate change: 1976-2098. 

(Authors: Saraiva, S., Meier, H. E., Andersson, H., Höglund, A., Dieterich, C., Gröger, M., Eilola, K. and 

Markus Meier, H.E.). Data access: The hindcast data are freely available to scientists and future 

projects. Data request link: ocean.data@smhi.se Time series were extracted from selected stations 

and bias corrected with the EDCDFm model (Pierce et al. 2015) to obtain acceptable statistics for the 

historical period. Time series were extracted from the Rossby Centre Ocean (RCO) model (Meier et al. 

2003) coupled with the Swedish Coastal and Ocean Biogeochemical (SCOBI) model (Eilola et al. 2009; 

Almroth-Rosell et al. 2011). Open ocean boundary conditions are relaxed to climatological mean 

observations of the control period in a model specific manner (Meier et al. 2012). The projected 

changes in discharge and nutrients to the Baltic Sea were simulated using the E-HYPE v3.2 model. 

The climate model atmospheric forcing is downscaled with the RCA4-NEMO model. 
 

 
B4 Accessible only to project partners 

B4 Ostreopsis dataset in the Catalan coast (Author: Berdalet, E.) 
 

 
C1 In open access 

C1 CoClimer package (package for the statistical description and analysis of time series of HAB- 

forming organisms). (Author: Irisson, J.O.) https://github.com/jiho/coclimer R package to standardise 

statistical analyses of time series in the CoClime project. The functions can be used to analyse the 

time series of any HAB forming species. 

mailto:ocean.data@smhi.se
mailto:ocean.data@smhi.se
mailto:ocean.data@smhi.se
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C1 The Plankton Toolbox, version 1.3.2 (Authors: Karlson, B., Andreasson, A., Johansen, M., 

Karlberg, M., Skjevik, A.-T.) http://nordicmicroalgae.org/tools The Plankton Toolbox is a standalone 

software that was developed using the Python programming language. In CoCliME it was used to 

aggregate phytoplankton data to different taxonomic levels and for quality control of data. 

 

 
C2 Accessible via a license without fee 

C2 ROMS Extractor (Author: Pereiro, D.) 

https://github.com/IrishMarineInstitute/oceanmodeltoolbox This is a Python-based Graphical User 

Interface (GUI) tool used to extract data from the Regional Ocean Modelling System (ROMS) 

numerical model. The tool is used to produce either a 2D time average or time series of spatially 

averaged variables (see Table 1 for variable list). Data requests are stored in an output NetCDF file. 

There is also an option to produce a plot. Example variables include current velocity, sea surface 

height, salinity and temperature and derived variables, such as density, mixed layer depth, potential 

energy deficit (aka, the potential energy anomaly) and a SST-based frontal index (uses sea surface 

temperature to delineate different water mass types). This tool aims to facilitate some common 

tasks that are usually performed with outputs from the ROMS ocean model. Further details can be 

found in the user guide for this software (insert link when available). 

 
 
 
 

CoCliME focused on “prove of concept” and “prototype” services and the TRLs (for products and 

services) were only planned to finish between TRL1 to TRL4 /TRL5 depending on the products 

developed. 

 

 
D1 Interactive Website / F2: Continue operating the service subject to external funding 

D1/F2 CoCliME Ostreopsis climate service v0.1 (prototype of predicted maps of present and future 

abundances of Ostreopsis cf ovata along western Mediterranean shores) Technology Readiness Level 

(TRL) 3 (proof of concept on one dataset in one oceanic basin) (Authors: Jean-Olivier Irisson (1), 

Salomé Fabri-Ruiz (1), Elisa Berdalet (2), Rodolphe Lemée (1) where 1 = LOV, Sorbonne Université 

and 2 = CSIC) https://coclimeostreo.obs-vlfr.fr Additional information about this product can be 

requested by email; contact: irisson@obs-vlfr.fr.Examine the current and future distributions of O cf. 

ovata, relate Ostreopsis to environmental forcing and anticipate future changes in habitat based on 

the model. 

 

 
D4 Training Sessions / F2: Continue operating the service subject to external funding 

D4 / F2 Monitoring training - Mediterranean Ostreopsis monitoring programme. (Authors: Berdalet, 

E. et al.) Training sessions are conducted on an ad-hoc basis, driven by demand, in coordination with 

the water agency, city halls, etc. To date, one training course was carried out each year. This is 

conducted at the end of spring, just before the bloom season starts, to ensure some in-situ tests can 

take place in order to test the protocol and ensure the trainees are comfortable using the method. 

http://nordicmicroalgae.org/tools
mailto:irisson@obs-vlfr.fr.Examine
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The next phase of capacity building, post CoCliME, should focus on developing online training 

courses and video tutorials. 

 

 
D4/ F2 Molecular training workshops - Workshop on real time quantitative PCR to develop climate 

services for monitoring harmful algal blooms in their marine environment. (Authors: Klemm, K. et al.) 

The workshop gave participants (researchers and government scientists responsible for national 

monitoring programmes) an understanding of real time quantitative PCR and its applications in 

harmful algal bloom monitoring. The course included presentations, discussions, and hands-on 

demonstrations and covered all aspects of qPCR development and application, from designing a 

qPCR assay and preparation of defined samples to data analysis and troubleshooting. SYBR green and 

TaqMan assays were applied with focus on key species groups of HAB microalgae (e.g., Alexandrium 

and Ostreopsis spp.). 

 

 
D5: Other (explain) / F2: Continue operating the service subject to external funding 

D5/F2 Production of climate change relevant information in the form of outreach material for policy 

makers and the communities they serve. Costumer: Policy makers – Irish Climate Action Regional 

Office (CARO) Challenge: Policy makers in the CARO recognised that local authorities and the 

community they serve lacked user-friendly information on the impacts of climate change on the 

ocean and harmful algal blooms. They wanted a service to build awareness on the importance of the 

ocean, the changes that are occurring and the potential impacts on ecosystems and coastal 

communities. They asked for text and content that is not overly technical, but, assuming a certain 

level of knowledge in relation to the ocean and climate change. The target audience for the 

customised products was policy makers that are involved in community development, land-use 

planning, climate adaptation, economic development supports etc. Many of these policy makers 

want a high-level overview of projected changes while others may need more detail and evidence 

based data to back-up strategic development. Process to address the challenge (approach): In 

response, CoCliME partnered with the CARO to ensure key scientific messages from the project and 

peer reviewed literature could be relayed in a suitable format. Product (outcome): Electronic 

illustrations (graphics) were created in a format that is suitable for multiple purposes, e.g. website 

content, presentations, training material, posters. The CARO will use the information to engage with 

local authorities and the public and begin a dialogue that could help formulate a marine focus in 

future regional adaptation plans. The CoCliME partners plan to translate the information in the 

graphics into relevant national languages for a variety of non-scientific audiences. For example, the 

German CoCliME partner (AWI) will provide the service to a marine conservation NGO stakeholder in 

the Wadden Sea who will distribute the information in their visiting centres. Post project plans: The 

CARO has asked for additional information on marine climate research areas and data sets that can 

help inform and guide decision makers in local authorities (and other organisations) who 

continuously advance and implement adaptation strategies for coastal communities. 

 

 
D5/F2 Production of climate change relevant information for a HAB alert system and outreach 

material for government agencies and the communities they serve. Costumer: Government - Catalan 

Water Agency (ACA), Public Health Agency of Catalonia (ACSP). Challenge: Stakeholders, in particular 
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the public agencies, Catalan Water Agency (ACA) in charge of monitoring water quality of coastal 

bathing water zones, and the Public Health Agency of Catalonia (ACSP) are very aware of the 

problems on human health caused by Ostreopsis blooms. Agency representatives asked CoCliME 

researchers for a service to include (a) information suitable for public dissemination, and (b) to 

facilitate the coordination of monitoring bloom events. The agencies asked for a service that would 

summarize the ecological and human health problems caused by the Ostreopsis blooms. They also 

requested the CoCliME researchers to facilitate the identification of harmful beach events in summer, 

when blooms occur coinciding with the holiday period when recreational beach attendance is highest. 

The service had to be tailored to facilitate the translation of scientific technical information to a 

language that is understandable to a wide audience including the general public, medical 

professionals and local coastal town authorities. The agencies also wanted an informative service to 

build awareness on the importance of the ocean, the changes that are occurring and the potential 

impacts on ecosystems and coastal communities. Process to address the challenge (approach): In 

response, CoCliME partnered with ACA and ACSP to ensure key scientific messages from the project 

and peer reviewed literature could be relayed in suitable formats. Products (outcomes): A two-page 

brochure with illustrations, short text and researchers contact information was created in a format 

suitable for multiple purposes, e.g., website content, presentations, training material, posters. The 

ACA facilitated the dissemination of information to the coastal city halls and the professionals 

involved in summer activities (beach lifeguards, restaurants, leisure water activities, etc.). The 

outreach activities helped to build community knowledge and awareness about Ostreopsis blooms. 

CoCliME researchers also participated in periodic meetings coordinated by the ACA, where they met 

with representatives from the coastal localities and provided updates on the progress of the 

Ostreopsis bloom monitoring programme. Oral presentations given by CoCliME researchers 

constitute an additional product for the management of the problem. Post project plans: CoCliME 

researchers have achieved, at the end of the project, a better understanding of the future 

projections of Ostreopsis blooms in the Mediterranean coast until the end on the 21st century. This 

knowledge, after an in-depth work and publication in scientific fora, will be reflected on new 

brochures about climate change and Ostreopsis blooms addressed to the public and the stakeholders. 

Meanwhile, the coordination with CoCliME is facilitating the organisation of continued Ostreopsis 

monitoring in the Mediterranean coastal areas. 

 

 
D5/F2 Norway: Production of climate change relevant information, a HAB alert system and useable 

online information for the Norwegian aquaculture industry. Costumer: The major recipient will be 

The Norwegian Food Safety Authority, the Norwegian Directorate of Fisheries and, mussels and fish 

farmers. Other user of the information generated will include the Norwegian Environment Agency, 

Directorate of the Environment, County office, public (mussel harvesting), researchers and interest 

organisations. Challenge: In 2019, an exceptional bloom of Chrysochromulina leadbeateri resulted in 

massive fish mortalities at several Norwegian salmon farms in a Northern part of Norway. CoCliME 

researchers were asked by national government (Ministry of Industry and Fisheries) and fish farmer 

interest organisations to establish a national HAB monitoring programme and an early warning 

system in reaction to this event. To improve future preparedness, industry asked for a “one-stop- 

shop” website to contain all the information industry needs to make good farm management 

decisions related to fish welfare and shellfish production. Process to address the challenge 

(approach): CoCliME researchers at the Institute of Marine Research (IMR) identified local users in 

need of the service at organised stakeholder engagement meetings. Multiple meetings were held 
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about the ongoing work to establish a national HAB monitoring and warning system. The purpose of 

the meetings was to inform and to elicit feedback from the fish farmers, the state administration, 

interest groups, research institutions and fish welfare consulting companies. Together, CoCliME 

researchers, industry and regulators worked to develop a new national monitoring programme for 

fish killing algae in Norwegian waters. The work focused on establishing monitoring activities along 

the coast using standardised methods in the field, analyses and reporting and established "pilot" HAB 

monitoring sites in the affected region. The set-up and development of a preliminary website to 

disseminate information and alerts was an important discussion point at the meetings. Product 

(outcome): The CoCliME scientists in IMR established "pilot" HAB monitoring sites in the affected 

region. A preliminary web page (algestatus.hi.no) was established to communicate information and 

warning advice under the CoCliME umbrella, with reporting tools connected to the web service 

'Dugnad for havet' at IMR. Plans post project: Opportunities for implementing, testing, scaling-up, 

and sustaining the service are currently favourable given renewed awareness of the HAB problem in 

the wake of the 2019 Chrysochromulina leadbeateri bloom in northern Norway and the recognised 

need to enhance monitoring activities and early warning information. Both authorities and the 

industry want and need a monitoring system, and there is both a high interest in contributing to 

these efforts as well as understanding that it takes time to build up a national system. Pilot 

monitoring in smaller areas has been implemented before extending coverage to new areas and 

different intensities of monitoring are possible, depending on variations in levels of bloom “risk”. So 

long as the authorities and industry see the benefits of the monitoring system it will be maintained, 

however, it will require government resources. 

 
 
 
 

E3: Resource for educational activities or capacity building not falling into the above categories (any 

educational material presented as text should rather be filed in the A category) 

E3 CoCliME Training on Habitat suitability statistical modelling (Author: Irisson, J. O.). This 

workshop focused on building statistical modelling capacity within the CoCliME consortium using “R” 

software environment for statistical computing and graphic. Plans post project: Contribute to the 

scientific training GlobalHAB modelling workshop in 2022 ("Modelling and Prediction of Harmful 

Algal Blooms", http://www.globalhab.info/activities/globalhab-activities). 

http://www.globalhab.info/activities/globalhab-activities)
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CoCliServ Co-development of place-based climate services for action 
 

http://www.cocliserv.cearc.fr/ 
 

Co-cli-serv develops and explores novel ways to transform state-of-the-art climate science into 
action-oriented place-based climate services. CoCliServ has developed, tested and evaluated a suite 
of concepts, methods and tools for co-producing climate services in support of local communities. 

 
LPI : Jean-Paul Vanderlinden, CEARC-Université de Versilles Saint-Quentin-en-Yvelines 
Other institutes 

- SVT-Bergen University 
- Copernicus Institute – Utrecht University 
- University of Bremen 
- LSCE – Centre National pour la Recherche Scientifique 
- Helmholtz-Zentrum Geesthacht 
- IASB-BIRA 
- ULB 

 
Funding agencies : 

- ANR / France 
- BELSPO / Belgium 
- DFG / Germany 
- NWO / The Netherlands 
- RCN / Norway 

 
A1: Articles in scientific peer-reviewed journal 

 
A1: Baztan, J., Vanderlinden, J. P., Jaffrès, L., Jorgensen, B., & Zhu, Z. (2020). Facing climate injustices: 
Community trust-building for climate services through arts and sciences narrative co-production. 
Climate risk management, 30, 100253. https://doi.org/10.1016/j.crm.2020.100253 

 
A1: Bremer, S., Johnson, E., Fløttum, K., Kverndokk, K., Wardekker, A., & Krauß, W. (2020). Portrait of 
a climate city: How climate change is emerging as a risk in Bergen, Norway. Climate Risk 
Management, 29, 100236. https://doi.org/10.1016/j.crm.2020.100236 

 
A1: Bremer, S., Wardekker, A., Dessai, S., Sobolowski, S., Slaattelid, R., & van der Sluijs, J. (2019). 
Toward a multi-faceted conception of co-production of climate services. Clim. Serv. 13, 42–50. 
https://doi.org/10.1016/j.cliser.2019.01.003 

 

A1: Bremer, S., Wardekker, A., Jensen, E. S., & Van Der Sluijs, J. P. (2021). Quality assessment in co- 
developing climate services in Norway and the Netherlands. Frontiers in Climate, 3, 1-15. 
https://doi.org/10.3389/fclim.2021.627665 

 
A1: da Cunha, C., Rocha, A. P. F., Cardon, M., Breton, F., Labeyrie, L., & Vanderlinden, J. P. (2020). 
Adaptation planning in France: inputs from narratives of change in support of a community-led 
foresight process. Climate Risk Management, 30, 100243. 
https://doi.org/10.1016/j.crm.2020.100243 

http://www.cocliserv.cearc.fr/
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A1: Krauß, W. (accepted forthcoming 2021) Coastal atmospheres: The peninsula of the blessed and 
the art of noticing. In: Döring, M., Walsh, C. and Linde Egberts (Hrsg.) “Beyond Nature and Culture: 
Relational perspectives on the Wadden Sea landscape”, Maritime Studies. 

 

A1: Krauß, W. (2020). Krauß, W. (2020). Narratives of change and the co-development of climate 
services for action. Climate Risk Management, 28, 100217. 
https://doi.org/10.1016/j.crm.2020.100217 

 
A1: Krauß, W., & Bremer, S. (2020). The role of place-based narratives of change in climate risk 
governance. Climate Risk Management, 28, 100221. https://doi.org/10.1016/j.crm.2020.100221 

 

A1: Krauß, W. (2021). ‘Meat is stupid’: Covid‐19 and the co‐development of climate activism. Social 
Anthropology, 29(1), 241. https://doi.org/10.1111/1469-8676.12993 

 
A1: Krauß, W. (2019). Die Zukunft der Klimapolitik. Ein ethnologischer Bericht von der norddeutschen 
Küste. Merkur 73/838, 18–28, auch erschienen unter: https://www.zeit.de/kultur/2019- 
03/klimawandel-norddeutschland-klimapolitik-zukunft-ethnologie-veraenderung/komplettansicht 

 
A1: Marschütz, B., Bremer, S., Runhaar, H., Hegger, D., Mees, H., Vervoort, J., & Wardekker, A. (2020). 
Local narratives of change as an entry point for building urban climate resilience. Climate Risk 
Management, 28, 100223. https://doi.org/10.1016/j.crm.2020.100223 

 

A1: Vanderlinden, J. P., Baztan, J., Chouinard, O., Cordier, M., Da Cunha, C., Huctin, J. M., ... & 
Thomson, K. T. (2020). Meaning in the face of changing climate risks: connecting agency, 
sensemaking and narratives of change through transdisciplinary research. Climate Risk Management, 
29, 100224. https://doi.org/10.1016/j.crm.2020.100224 

 
A1: Vanderlinden, J.-P., Rouhaud, E., & Touili, N. (accepted condtional t revision 2021). Knowledge 
and legitimacy, an ethical framework-based analysis of coastal flooding risks in a changing climate 
and associated narratives. Frontiers in Climate. 

 

A1: Vrac, M.. Multivariate bias adjustment of high-dimensional climate simulations: the Rank 
Resampling for Distributions and Dependences (R2D2) Bias Correction. Hydrol. Earth Syst. Sci., 22, 
3175-3196, https://doi.org/10.5194/hess-22-3175-2018 

 
A1: Wardekker, J. A. (2018). Resilience principles as a tool for exploring options for urban resilience. 
Solutions, 9(1). 

 
A1: Wildschut, D., & Zijp, H. (2020). The discoveries of citizens running around. Climate Risk 
Management, 28, 100225. https://doi.org/10.1016/j.crm.2020.100225 

 

A1bis: Peer-reviewed book chapters 
 

A1bis: Bremer, S., Schneider, P. & Glavovic, B. (2019). How climate change disrupts notions of natural 
hazard risk in institutional cultures. Under review for inclusion in the Oxford Research Encyclopaedia 
of Natural Hazard Risk. 

 
A1bis: Krauß, W. (2019). Die Zukunft der Klimapolitik. Ein ethnologischer Bericht von der deutschen 
Nordseeküste. Merkur Vol. 838, 18-28. 

http://www.zeit.de/kultur/2019-
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A1bis: Krauß, W. (2019). Guten Tag, ich arbeite für den Klimaservice. 
https://www.zeit.de/kultur/2019-03/klimawandel-norddeutschland-klimapolitik-zukunft-ethnologie- 
veraenderung/komplettansicht 

 

A1bis: Krauß, W. (accepted forthcoming 2022) Klimawandel und die Ethnologie von Landschaften. In: 
Rödder, S. und Youssef Ibrahim (Hrsg.) Schlüsselwerke der sozialwissenschaftlichen Klimaforschung 

 
A1bis: Krauß, W. (accepted forthcoming 2021) Weltretten an der Nordseeküste: Klimaschutz braucht 
Klimademokratie. In: Grätz, R. & J.Vogel (Hrsg.): NaturKultur: Alles ist Wechselwirkung. Steidl Verlag, 
140-142. 

 

A1bis: Meinke, I., Rechid, D., Tinz, B., Maneke, M., Lefebvre, C., & Isokeit, E. (2018) Klima der Region 
– Zustand, bisherige Entwicklung und mögliche Änderungen bis 2100. In H. von Storch, I. Meinke, & 
M. Claussen (Eds.), Hamburger Klimabericht – Wissen über Klima, Klimawandel und Auswirkungen in 
Hamburg und Norddeutschland. Springer Spektrum. 

 
A1bis: Vanderlinden, J.-P., & Touili, N. (accepted conditonal to revisions) La question du "sens" dans 
le choix des options de réduction des risques côtiers : quelles éthiques pour quelle métapolisation ? 
In D. Salles, Mainguy, G., & De Godoy Leski, C., Changements globaux : les métropoles estuariennes 
au défi de l’anticipation, ISTE, Paris 

 

A1bis: von Storch, H., Meinke, I., & Claussen, M. (2018) Einleitung und Zusammenfassung. In H. von 
Storch, I. Meinke, & M. Claussen (Eds.), Hamburger Klimabericht – Wissen über Klima, Klimawandel 
und Auswirkungen in Hamburg und Norddeutschland (pp. 1-11). Springer Spektrum. 
doi:10.1007/978-3-662-55379-4_1 

 
A2: Article / Book intended for large audiences including training material 

 
A2: Online curriculum and training material. Not yet available, under production, and delayed. This 
material will consist of a series of open access lessons representing a workload of 6 ECTS (european 
credit transfer units) and that it will be integral part of Université Paris Saclay master degree in 
Adaptation to climate change. Will be available here: http://cocliserv.cearc.fr/training-material 

http://www.zeit.de/kultur/2019-03/klimawandel-norddeutschland-klimapolitik-zukunft-ethnologie-
http://cocliserv.cearc.fr/training-material
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CO-MICC Multi-model ensembles for water-related climate risks 
 

https://www.co-micc.eu/ 
 

Project main objective: 
The project CO-MICC aims to co-develop how global hydrologic modelling and the associated multi- 
model information on freshwater-related hazards of climate change can be optimally utilized to 
support climate change risk assessment and adaptation at multiple spatial scales. 

 
Name and organization of the Lead PI: 
Prof. Petra Döll 
Goethe University Frankfurt, Germany 

 
List of other research institutes involved in the project: 

- International Centre for Water Resources and Global Change (ICWRGC) 
- Le Mans University 
- Laboratoire de Météorologie Dynamique du CNRS (LMD) 
- Potsdam Institute for Climate Impact Research (PIK) 
- KISTERS AG 
- International Institute for Applied Systems Analysis (IIASA) 
- Quantis 

List of supporting RFOs: 
- Bundesministerium für Bildung und Forschung (BMBF), DLR Projektträger, Germany 
- Agence Nationale de la Recherche (ANR), France 
- Österreichische Forschungsförderungsgesellschaft (FFG), Austria 

 
 

A1 Working title: Participatory Bayesian Network modelling of climate change risks for water 
supply: integration of multi-model ensemble data and local expert knowledge. F. Kneier, L. 
Woltersdorf, A.T.A. Peiris & P. Döll. Many local climate change risk assessments are necessary for 
successful adaptation to climate change worldwide. This paper describes how to support such risk 
assessments by integrating quantitatively hydrological hazards, exposures and vulnerabilities through 
Bayesian Networks. We show how to integrate freely available output of global hydrological models 
into Bayesian Networks, in order to probabilistically assess risks for water supply. 

 
A1 Working title: Direct CO2 effect on the water cycle mediated by nitrogen limitation. L. 
Andersen, S. Schaphoff, D. Gerten. Elevated atmospheric CO2 concentrations can increase 
vegetation water use efficiency through enhanced photosynthesis and reduced transpiration. Studies 
have shown this so-called CO2 fertilisation effect can offset or reduce the impact of drought and 
water stress on vegetation productivity. This effect is likely overestimated in modelling studies which 
do not account for nutrient limitation. This paper analyses the potential moderating effect of 
nitrogen limitation on net primary productivity under elevated CO2 and the impact on continental 
scale hydrological fluxes (evaporation, transpiration, and streamflow). We find nitrogen limitation 
mediates the direct effect of CO2 on global hydrological fluxes, though the dominant driver 
impacting vegetation water uptake (i.e. increased temperature, elevated CO2, nitrogen limitation) 
varies regionally depending on the biome and severity of precipitation changes and temperature 
increase. 

 

A1 Working title: Assessing the capability of global hydrological models to translate climate 
variability into inter-annual streamflow variability. A.T.A. Peiris, F. Kneier, Y. Satoh, L. Andersen, P. 

https://www.co-micc.eu/
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Burek, P. Döll. Global hydrological models play an important role in the assessment of global water 
availability under global scale changes (such as Climate change and anthropogenic activities). While 
state-of-the-art global hydrological models can include human activities in their simulations, the level 
of representation of anthropogenic activities differs from model to model. Correct reproduction of 
streamflow consequently remains a challenging task in global hydrological models, especially in 
managed catchments. The increased use of global hydrological models in problems related to water 
resources therefore raises the question about their reliability regarding projections on the local and 
regional scale. The objective of this paper is to assess the capability of global hydrological models to 
translate climate variability to streamflow variability at the global scale. 

 
A1 Working title: Working title: A methodology to simulate active-vegetation response in global 
hydrological models. A.T.A. Peiris, P. Döll. Unlike global circulation models, hydrological models 
cannot simulate the feedbacks among atmospheric processes, vegetation, water, and energy 
exchange at the land surface. This severely limits their ability to quantify the impact of climate 
change and its concurrent increase of atmospheric CO2 concentrations on evapotranspiration, and in 
turn runoff. Hydrological models generally calculate actual evapotranspiration as a fraction of 
potential evapotranspiration (PET), computed as a function of temperature and net radiation and 
sometimes of humidity and wind speed. Few hydrological models consider that PET changes due to 
the vegetation responding to the changing CO2 and climate. In our study, we present a simple 
approach for hydrological models enabling them to mimic the effect of active vegetation on potential 
evapotranspiration under climate change. 

 

A1 Les écosystèmes naturels de l’Est algérien face au risque du Changement Climatique / The 
natural ecosystems of eastern Algeria facing the risk of climate change. Y. Djellouli, A. Louail, F. 
Messner, K. Missaoui, R. Gharzouli. Geo-Eco-Trop. 2020, 44(4), 609-621; 
http://www.geoecotrop.be/uploads/publications/pub_444_08.pdf. Several forest ecosystems 
colonize the mountain ranges of eastern Algeria, Setif region, subject to a Mediterranean climate 
ranging from humid to semi-arid. A phytoecological study supplemented by satellite image 
processing shows great diversity of forest formations. We carried out a climatological study that 
shows the potential evolution of the distribution of bioclimates. The results seem to indicate 
pronounced aridification. Jointly, the BFAST method, applied on time series of NDVI of MODIS images, 
makes it possible to detect large phenological changes, post synchronous of a drought revealed by 
the SPI. The changes identified reflect the most disturbed areas. Overall, the inclusion of indicators 
(bioclimatic evolution and phenological disturbances), provides a spatialization of the affected sites, 
which will have to be the subject of priority management and development. 

 

A1 Phenological behavior of Atlas cedar (Cedrus atlantica) forest to snow and precipitation 
variability in Boutaleb and Babors Mountains, Algeria. K. Missaoui, R. Gharzouli, Y. Djellouli, F. 
Messner. Biodiversitas 2020, 21(1), 239-245; https://doi.org/10.13057/biodiv/d210131. 

Understanding the changes in snow and precipitation variability, and how forest vegetation 
responds to such changes, is very important to maintain the long-term sustainability of the forest. 
This study investigated this phenomenon in Algeria. The normalized difference vegetation index 
(NDVI) generated from satellite images of MODIS time series was used to survey the changes of the 
Atlas cedar throughout the study area together with a dataset of monthly precipitation and snow of 
the province of Setif (northeast of Algeria) from 2000 to 2018. Descriptive analysis using Standarized 
Precipitation Index (SPI) showed the wetter years were more frequent in the past than in the last two 
decades. Our findings showed important difference in Atlas cedar phenology from Boutaleb 
mountains to Babors Mountains which likely related to the snow factor. 

http://www.geoecotrop.be/uploads/publications/pub_444_08.pdf
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A1 Spatial and temporal changes in steppic landscapes of Algeria. Case study of the Méchéria 
region (“Changements spatio-temporels des paysages steppiques d’Algérie. cas de la région de 
Méchéria”). R. Hourizi, A. Hirche, Y. Djellouli. Revue d’Ecologie- La Terre et la Vie 2017, 72(1), 33-47; 
http://hdl.handle.net/2042/61889. Economic activities in the arid steppes of Algeria are largely 
based on sheep husbandry using rangelands. The recent "regreening" observed in the arid and semi- 
arid rangelands surrounding the Sahara Desert is challenging the desertification caused by the 
increasing grazing pressure. To investigate the reality of desertification, this work applied a 
diachronic and landscape approach. We compared a land cover map from 2014 to two further maps 
collected in 1978 and 2006. The remotely sensed changes in the landscape units show a 
fragmentation in the preexisting steppe landscapes with various degradation stages. Steppes of Stipa 
tenacissima lost 94 % of their area since 1978; those of Lygeum spartum, after increasing by 4 % from 
1978 to 2006, decreased by 13 % from 2006 to 2014. The L. spartum steppe had disappeared from its 
original places (80 % of cases) but encroached on new lands mainly at the expense of S. tenacissima 
(60 % of the current surface). Currently, two types of steppes dominate 80 % of the total rangelands; 
those of L. spartum with 35 % and of Atractylis serratuloides with 33 %. The spreading A. 
serratuloides steppe over 22 % of the total surface during the last 8 years is considered to be an 
indicator of overgrazing and one of the basic evidences that land degradation is still relevant in these 
rangelands in spite of their regreening, which is mainly due to a high precipitation amount since 2007. 

 
A1 Development of the Community Water Model (CWatM v1.04) - a high-resolution hydrological 
model for global and regional assessment of integrated water resources management. P. Burek, Y. 
Satoh, T. Kahil, T. Tang, P. Greve, M. Smilovic, L. Guillaumot, F. Zhao, Y. Wada. Geosci. Model Dev. 
2020, 13, 3267–3298; https://doi.org/10.5194/gmd-13-3267-2020. To aid in the accurate 
assessment of water supply and the demands of both people and the environment, IIASA researchers 
have developed a large-scale hydrological and water resources model  ̶  the Community Water Model 
(CWatM). The model can simulate the movement, distribution, and management of water both 
globally and regionally to evaluate water availability in terms of water demand and environmental 
needs. It includes an accounting of how future water demand will evolve in response to 
socioeconomic change and how water availability will be influenced by climate change. The 
integrated modeling framework considers water demand from agriculture, domestic needs, energy, 
industry, and the environment. The Community Water Model has a modular structure that is open 
source and uses state-of-the-art data storage protocols as input and output data, while being 
community-driven to promote the team’s work among the wider water community. The model can 
be accessed here: https://cwatm.iiasa.ac.at. 

 
A1 Global resource potential of seasonal pumped hydropower storage for energy and water 
storage. J.D. Hunt, E. Byers, Y. Wada et al. Nat Commun 2020, 11, 947; 
https://doi.org/10.1038/s41467-020-14555-y. Seasonal mismatches between electricity supply and 
demand are increasing due to expanded use of wind, solar and hydropower resources, which in turn 
raises the interest in low-cost seasonal energy storage options. Seasonal pumped hydropower 
storage (SPHS) can provide long-term energy storage at a relatively low cost, and co-benefits in the 
form of freshwater storage capacity. We present the first estimate of the global assessment of SPHS 
potential, using a novel plant-siting methodology based on high-resolution topographical and 
hydrological data. 

 
A3 PUNI (“Providing and Utilizing Ensemble Information”) Handbook: Methods for Providing and 
Utilizing Uncertain Multi-model Based Information on Freshwater Related Hazards of Climate Change. 
Fabian Kneier, Petra Döll, Denise Cáceres, Vaiva Vazgileviciute & CO-MICC consortium. Overview and 
description of the co-design processes and of the results of a) which indicators are provided on the 
CO-MICC web portal and in which visual representation, and b) methods for utilizing the provided 

http://hdl.handle.net/2042/61889
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data in risk assessments. It serves as a guide to enable optimal utilization of the provided data on the 
CO-MICC portal by all users. A focus is set on explaining the provided uncertainties and their 
accounting for in methods of utilization. 

 

B1 CO-MICC multi-model ensemble data of projected freshwater-related climate change hazard 
indicators (aggregated indicators as decision-ready data products). Authors: CO-MICC consortium. 
The model output data of multiple hydrological variables (e.g. streamflow, etc…) were aggregated 
according to several temporal scales (annual, seasonal and monthly), and various statistics (e.g. 
mean, etc…) were derived from these aggregated data. The freshwater-related climate change 
hazard indicator data produced in this way are expressed as absolute or relative changes in future 
30-year time periods as compared to the reference period 1981-2010. This dataset is intended to be 
used by stakeholders as decision-ready data products. It will be freely accessible and downloadable 
from the CO-MICC data portal, which will be hosted by the ICWRGC under the address 
https://www.co-micc.eu. 

 

B2 CO-MICC multi-model ensemble data of projected terrestrial climate-dependent hydrological 
variables (raw data for scientific reuse). Authors: Asali Thedini Peiris, Lauren Seaby, Peter Burek & 
CO-MICC consortium. A multi-model ensemble (MME) based on a selection of four Representative 
Concentration Pathways, four Global Circulation Models, three Global Hydrological Models and two 
variants of the latter, was used to derive future terrestrial climate-dependent hydrological variables. 
This MME builds on the framework provided by the Inter-Sectoral Impact Model Intercomparison 
Project (ISIMIP). The dataset presented here corresponds to the raw monthly and/or daily output 
data from each of the MME members for each of the variables of interest covering a potential 
historic reference period (1979-2005) and a future period (2006-2099). It has global coverage and a 
spatial resolution of 0.5°. This dataset was used to derive freshwater-related climate change hazard 
indicator data (see previous data item) and may be re-used for other scientific purposes. At a later 
point in time, it will be accessible online via the portal hosted by the German Climate Computing 
Centre (DKRZ, https://www.dkrz.de). 

 
D1-F2 Web portal of a hydrological climate service with global climate change information on a 
number of hydrological indicators. ICWRGC, KISTERS & CO-MICC consortium. The publicly available 
CO-MICC web portal is a hydrological climate service consisting of a knowledge portal and a data 
portal (embedded within the knowledge portal). The interactive data portal was co-designed 
together with stakeholders from the water sector and provides the user with visualization and data 
analysis tools to explore the multi-model ensemble data of freshwater-related climate change hazard 
indicators. The knowledge portal provides all the necessary information, meta-data and tutorials to 
utilize the data. In general, the web portal aims to support climate change risk assessments at 
different spatial and temporal scales, which can be integrated by stakeholders in their decision- 
making processes. https://www.co-micc.eu 

http://www.co-micc.eu/
https://www.co-micc.eu/
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DUSTCLIM   Developing the WMO Sand and Dust Storm Warning System 
 

http://sds-was.aemet.es/projects-research/dustclim 
 

Lead PI: Basart Sara, BSC, Spain 
Research performing organisations: BSC, AEMET, FMI, CNRS, CNR-DTA 

 
A1 Operational risks of sand and dust storms in aviation and solar energy: the DustClim 
approach; Votsis, A., Barnaba, F., Basart, S., Di Tomaso, E., Formenti, P., Lindfors, A., Mona, L., Rautio, 
T., Wang, Y., Werner Hidalgo, E.; doi: 10.35614/ISSN-2341-6408-IK-2020-02-RL.; Overview of the 
product development approach for aviation and solar energy, along with an introduction to the 
threats of sand and dust storms to aviation and solar energy 

 
A1 Linking the different diameter types of aspherical desert dust indicates that models 
underestimate coarse dust emission; Huang, Y., Adebiyi, A. A., Formenti, P., & Kok, J. F. (2021); doi: 
https://doi.org/10.1029/2020GL092054; Measurements of dust aerosol size usually obtain the 
optical or projected area-equivalent diameters, whereas model calculations of dust impacts use the 
geometric or aerodynamic diameters. Accurate conversions between the four diameter types are 
thus critical. 

 

A1 Audoux, T., Laurent, B., Marticorena, B., Bergametti, G., Rajot, J.L., Féron, A., and Gaimoz, C. 
(2021), Multiannual wet deposition fluxes of mineral dust and their relation with cold pools in the 
Central Sahel, Geophysical Research Letter, 2021GL095005, in review. 

 
A1 Bergametti, G., Marticorena, B., Rajot, J. L., Siour, G., Féron, A., Gaimoz, C., et al. (2020). The 
respective roles of wind speed and green vegetation in controlling Sahelian dust 
emission during the wet season. Geophysical Research Letters, 47,e2020GL089761. 
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020GL089761 

 
A1 Bergametti, G., Rajot, J. L., Marticorena, B., Féron, A., Gaimoz, C., et al. (2020). Rain, Wind 
and Dust Connections in the Sahel, Journal of Geophysical Research-Atmospheres, 2021JD035802, in 
review 

 
A1 Paola Formenti, Claudia Di Biagio, Yue Huang, Jasper Kok, Marc Daniel Mallet, Damien 
Boulanger, and Mathieu Cazaunau, Look−up tables resolved by complex refractive index to correct 
particle sizes measured by common research−grade optical particle counters, Earth Sys. Sci. data, 
ESSD-2021-292 , submitted, 2021 

 

A1 Enza Di Tomaso, Jerónimo Escribano, Sara Basart, Paul Ginoux, Francesca Macchia, Francesca 
Barnaba, Framcesco Benincasa, Pierre-Antoine Bretonnière, Arnau Buñuel, Miguel Castrillo, Emilio 
Cuevas, Paola Formenti, María Gonçalves, Oriol Jorba, Martina Klose, Lucia Mona, Gilbert Montané, 
Michail Mytilinaios, Vincenzo Obiso, Miriam Olid, Nick Schutgens, Athanasios Votsis, Ernest Werner, 
and Carlos Pérez García-Pando. The MONARCH high-resolution reanalysis of desert dust aerosol over 
Northern Africa, the Middle East and Europe (2007-2016), Earth Sys. Sci. data, essd-2021-358, 
submitted, 2021. NOTE: Please, note that this publication has associated the doi of the 3hourly dust 
reanalysis. 

 
 

A3 Report on the available aerosol observations; Lucia Mona (CNR-IMAA), Serena Trippetta 
(CNR-IMAA), Nikolaos Papagiannopoulos (CNR-IMAA), Paola Formenti (CNRS), Juan Cuesta (CNRS), 

http://sds-was.aemet.es/projects-research/dustclim
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Sara Basart (BSC), Enza Di Tomaso (BSC) ; Deliverable 1.1- Report on the available aerosol 
observations assessing their suitability for assimilation and evaluation ; Overview of relevant 
information on aerosol observations that can be considered suitable for data assimilation as well as 
for performance evaluation of the advanced dust regional model reanalysis that DustClim will 
produce and deliver. 

 

A3 Catalogue of dust-related observations for data assimilation; Lucia Mona (CNR-IMAA), Serena 
Trippetta (CNR-IMAA), Sara Basart (BSC), Enza de Tomaso (BSC), Jeronimo Escribano (BSC); 
Deliverable 1.2; description of the catalogue of the dust-related satellite products that will be used 
for the data assimilation into the DustClim reanalysis. 

 

A3 Catalogue of dust-related observations for model evaluation; Paola Formenti (CNRS-LISA), 
Lucia Mona (CNR-IMAA), Sara Basart, (BSC), Juan Cuesta (UPEC-LISA), Claudia Di Biagio (CNRS-LISA), 
Benoit Laurent (UPD-LISA), Beatrice Marticorena (CNRS-LISA), Michalis Mytilinaios (CNR-IMAA), 
Serena Trippetta (CNR-IMAA), 
Francesca Barnaba (CNR-ISAC); Deliverable 1.3; Description of the catalogue of the dust-related 
products that will be used for the evaluation of the DustClim reanalysis simulations 

 
A3 Report on the reanalysis configuration; Enza Di Tomaso, Francesca Macchia, Oriol Jorba, 
Gilbert Montane, Jeronimo Escribano, Carlos Pérez García-Pando and Sara Basart Barcelona 
Supercomputing Center (BSC); Deliverable 2.1; analysis report on the technical details for the 
execution of the DustClim reanalysis. 

 

A3 Dust climatology report; Lucia Mona (CNR-IMAA), Sergio Ciamprone (CNR-IMAA), Michail 
Mytilinaios (CNR-IMAA), Sara Basart (BSC), Enza Di Tomaso (BSC); Deliverable 2.3; analysis report 
with a general overview of the desert dust climatology which is made available by DustClim project. 

 
A3 Report on reanalysis evaluation results and associated uncertainties; Michail Mytilinaios 
(CNR-IMAA), Lucia Mona (CNR-IMAA), Serena Trippetta (CNR-IMAA), Francesca Barnaba (CNR-ISAC), 
Sara Basart (BSC), Enza Di Tomaso (BSC), Jeronimo Escribano (BSC), Carlos Pérez García-Pando (BSC), 
Oriol Jorba (BSC), Beatrice Marticorena (CNRS), Paola Formenti (CNRS), Claudia Di Biagio (CNRS), Juan 
Cuesta (CNRS); Deliverable 2.4; Description of the approach used to evaluate the reanalysis products 
and provides a discussion of the first results obtained. 

 
A3 Impact assessment on aviation and solar energy; Athanasios Votsis (FMI), Anders Lindfors 
(FMI), Tuukka Rautio (FMI), Yijun Wang (FMI), Enza Di Tomaso (BSC), Sara Basart (BSC); Deliverable 
3.1; Review of objective threats, the description of the impact analysis 
methodology to assist understanding those threats, and the key elements of the products for two 
sectors, aviation and solar energy. 

 
A3 Assessment of societal benefits of services for aviation and solar energy; Athanasios Votsis 
(FMI), Anders Lindfors (FMI), Tuukka Rautio (FMI), Yijun Wang (FMI), Sara Basart (BSC), Enza Di 
Tomaso (BSC), Paola Formenti (CNRS), Francesca Barnaba (CNR-DTA), Lucia Mona (CNR-DTA), Ernest 
Werner (AEMET); Deliverable 3.2, details of the sand and dust storm (SDS) climate product concepts 
for aviation and solar energy. 

 

A3 Impact assessment of desert dust on EU-regulated metrics and design of an early warning 
system; Francesca Barnaba (CNR-ISAC), Sara Basart (BSC), Enza Di Tomaso (BSC), Jerónimo Escribano 
(BSC), Oriol Jorba (BSC), Michalis Mytilinaios (CNR-IMAA), Lucia Mona (CNR-IMAA), Carlos Pérez 
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García-Pando (BSC); Deliverable 3.3, Assessment of the impact of desert dust on Air Quality relevant 
parameters, and particularly particulate matter mass at the surface level (PM10). 

 
A3 Report containing region-specific recommendations to adapt to and mitigate desert dust 
impacts on Air Quality; Francesca Barnaba (CNR-ISAC), Sara Basart (BSC), Enza Di Tomaso (BSC), 
Jerónimo Escribano (BSC), Oriol Jorba (BSC), Michalis Mytilinaios (CNR-IMAA), Lucia Mona (CNR- 
IMAA), Carlos Pérez García-Pando (BSC); Deliverable 3.4, cross analysis of the model-derived, AQ- 
relevant information produced within DustClim with the current knowledge on the range of actions 
available to mitigate the detrimental effect of desert dust on air quality and health and to highlight 
some recommended priorities to mitigate the desert dust effects on air quality, aware that even 
small improvements on poor AQ population exposure can be expected to cause large improvements 
in population health. 

 
A3 Training, dissemination and engagement report; Enric Terradellas (AEMET); Deliverable 4.1; 
presentation of the Dissemination and Engagement Plan of the DustClim 
project. 

 
B1 Dust reanalysis; BSC; doi dataset - in process; 10-years dust reanalysis at 3-hourly basis 

B1 Dust climatology; BSC; doi dataset - in process; dust climatology 

B1 Transmissivity Soiling Index (solar PV panels); FMI; Spatiotemporal gridded dataset providing 
the climatology of energy output reduction per various aggregation periods. 

 

B1 Optimal cleaning frequency (solar PV panels); FMI; Spatiotemporal gridded dataset providing 
the optimal cleaning frequency of a solar PV panel for operating with profit per various aggregation 
periods. 

 
B1 Visibility conditions; FMI; Spatiotemporal gridded and point (airports) dataset of general 
visibility conditions. 

 

B1 Visibility categories exceedances; FMI; Spatiotemporal gridded and point (airports) dataset of 
exceedance frequencies of the various IFR, VFR, and ground operation visibility thresholds. 

 
B1 Flight route exposures to total sand and dust concentration; FMI; Spatiotemporal line dataset 
(flight routes) of accumulated and average exposure of each flight route to total sand and dust 
particle concentration for various flight levels. 

 
B1 Observations-based dust-PM10 surface concentration; CNR-DTA; Spatiotemporal gridded 
dataset providing desert dust-PM10 daily and yearly average concentrations over the European 
domain 

 

B1 Model-based dust-PM10 surface concentration; CNR-DTA; Spatiotemporal gridded dataset 
providing desert dust-PM10 daily, seasonal and yearly average concentrations over the Northern 
Africa, European and Middle East domain 

 
B1 Observations-based dust-PM10 yearly threshold exceedances; CNR-DTA; Frequency of dust- 
PM10 concentrations above EC and WHO established PM10 yearly limit values over the European 
domain 
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B1 Model-based dust-PM10 yearly threshold exceedances; CNR-DTA; Frequency of dust-PM10 
concentrations above EC and WHO established PM10 yearly limit values over the Northern Africa, 
European and Middle East domain 

 

B1 Observations-based dust-PM10 daily threshold exceedances; CNR-DTA; Frequency of dust- PM10 
concentrations above EC, WHO and US PM10 daily limit values over the European domain 

 
B1 Model-based dust-PM10 daily threshold exceedances; CNR-DTA; Frequency of dust-PM10 
concentrations above EC, WHO and US PM10 daily limit values over the Northern Africa, European 
and Middle East domain 

 

B1 Observations-based dust-induced PM10 yearly threshold exceedances; CNR-DTA; List of 
sites registering exceedances of the EC and WHO PM10 yearly limit values due to the dust 
contribution 

 
B1 Observations-based dust-induced PM10 daily threshold exceedances; CNR-DTA; Frequency 
of daily dust-PM10 concentrations producing an exceedance of the EC and WHO PM10 daily limit 
value 

 
B1 Model based dust-PM10 thresholds for Early Warning Systems; CNR-DTA; 10th , 25th , 50th , 
75th , 90th & 98th percentile derived from the mdel dust-PM10 climatology 

 

B1 Observations-based population weighted dust exposure levels; CNR-DTA; Dust-PM10 yearly 
and daily average concentrations weighted by population count over the EU domain 

 
B1 Model-based population weighted dust exposure levels; CNR-DTA; Dust-PM10 yearly and 
daily average concentrations weighted by population count over the Northern Africa, European and 
Middle East domain 

 
C1 Python code for solar energy products; FMI; Available on GitHub under MIT open source 
license at the end of the project. 

 

C1 Python code for aviation products; FMI; Available on GitHub under MIT open source license 
at the end of the project. 

 
C2 Matlab code for air quality products; CNR-DTA ; Accessible via a license without fee 

 
D4 Graphical interface on the provided dust services; BSC; Deliverable 3.5,- web interface, to be 
hosted by WMO Dust Regional Center for Northern Africa, the Middle East and Europe, that displays 
and explores the produced spatial-temporal datasets and spatial-temporal products 

 

E1 Aviation sector network; consortium partners with the support of the WMO Dust Regional 
Center for Northern Africa, the Middle East and Europe ; A network consisting of engine 
manufacturers, airlines and other operators, scientists, aviation meteorologists 

 
E1 Solar energy industry network; consortium partners with the support of the WMO Dust 
Regional Center for Northern Africa, the Middle East and Europe ; A network consisting primarily of 
scientists and research & development experts in solar energy production (e.g. solar panels) 
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E1 Air quality network; consortium partners with the support of the WMO Dust Regional Center 
for Northern Africa, the Middle East and Europe; A network consisting primarily of decision-makers 
(local and regional), environmental agencies and scientists in the air quality, health, and urban & 
regional planning domains 

 

E1 Air quality network for dust-related early-warning system; consortium partners with the 
support of the WMO Dust Regional Center for Northern Africa, the Middle East and Europe; A 
network of stakeholders that can be mobilized to continue the development of a dust-early warning 
system service for Air quality and health 

 
D3/F2 Provision of targeted or specialized services or products for aviation, solar, and air quality; 
BSC, FMI, CNRS, CNR-DTA, AEMET; a subset of the produced services will be available available from 
September 2021 in the WMO Dust Regional Center website (www.dust.aemet.es). Additional funding 
will be needed for providing new services or improving the quality of the service. 
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ECLISEA European advances on CLImate services for coasts and SEAs 
 

https://www.ecliseaproject.eu 
 

ECLISEA is a project that aims to advance coastal and marine climate science and associated 
services through developing innovative research of the sea surface dynamics (i.e. waves and sea 
level) and related impacts, such as coastal flooding and erosion, all of them within a pan-European 
dimension. Present climate conditions, including extreme events and future climate change 
projections are analyzed. Finally, user-friendly prototypes of climate services are produced. They 
included a European database (based on a smart data infrastructure and a related web geoviewer), a 
sea level monitor tool, and a coastal flooding simulator considering different values of mean sea level 
rise, tide and surge. 

 
LEAD PI: Melisa Menendez, UC-IHC (UNIVERSIDAD DE CANTABRIA - IHCANTABRIA), 
OTHER INSTITUTES INVOLVED: HZG (Helmholtz-Zentrum Geestacht,Centre for Materials and Coastal 
Research), BRGM (BRGM, The Franch Geological Survey), NCSRD (National Centre for Scientific 
Reasearch “Demokritos”/ Institute of Nuclear & Radiological Sciences & Technology, Energy & Safety), 
LEGOS(Laboratoire d’Etudes en Géophysique et Océanographie Spatiale) 
LIST OF SUPPORTING RFOs: Spain, France, Germany and Greece. 

 
 

A. Written document 
 

- A1: Articles in scientific peer-reviewed journal: 
17 scientific articles are published in different journals, such as: Ocean Modelling, Journal of 
Geophysical Research: Oceans, Scientific reports, Nature Climate Change and ICES Journal of Marine 
Science. The publications are also available through the ECLISEA website 
(https://www.ecliseaproject.eu/outputs/ ) 

 
1. Camus, P., Herrera, S., Gutiérrez, J. M., & Losada, I. J. (2019). Statistical downscaling of 
seasonal wave forecasts. Ocean Modelling, 138, 1-12. (doi:10.1016/j.ocemod.2019.04.001) 

 
2. Carson, M., Köhl, A., Stammer, D., Meyssignac, B., Church, J., Schröter, J., ... & Hamlington, B. 
(2017). Regional sea level variability and trends, 1960–2007: A comparison of sea level 
reconstructions and ocean syntheses. Journal of Geophysical Research: Oceans, 122(11), 9068- 
9091.(doi: https://doi.org/10.1002/2017JC012992) 

 

3. Costa, W., Idier, D., Rohmer, J., Menendez, M., & Camus, P. (2020). Statistical Prediction of 
Extreme Storm Surges Based on a Fully Supervised Weather-Type Downscaling Model. Journal of 
Marine Science and Engineering, 8(12), 1028.( doi:10.3390/jmse8121028) 

 
4. Le Cozannet, G., Bulteau, T., Castelle, B., Ranasinghe, R., Wöppelmann, G., Rohmer, J., ... & 
Salas-y-Mélia, D. (2019). Quantifying uncertainties of sandy shoreline change projections as sea level 
rises. Scientific reports, 9(1), 1-11.(doi: :10.1038/s41598-018-37017-4) 

 
5. Lemos, G., Menendez, M., Semedo, A., Camus, P., Hemer, M., Dobrynin, M., & Miranda, P. M. 
(2020). On the need of bias correction methods for wave climate projections. Global and Planetary 
Change, 186, 103109.(doi: https://doi.org/10.1016/j.gloplacha.2019.103109) 

https://www.ecliseaproject.eu/
http://www.ecliseaproject.eu/outputs/
https://doi.org/10.1002/2017JC012992
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6. Lemos, G., Semedo, A., Dobrynin, M., Menendez, M., & Miranda, P. M. (2020). Bias-corrected 
cmip5-derived single-forcing future wind-wave climate projections toward the end of the twenty-first 
century. Journal of Applied Meteorology and Climatology, 59(9), 1393-1414.(doi: 
https://doi.org/10.1175/JAMC-D-19-0297.s1.) 

 

7. Lemos, G., Menendez, M., Semedo, A., Miranda, P. M., & Hemer, M. (2021). On the 
decreases in North Atlantic significant wave heights from climate projections. Climate Dynamics, 1- 
24.(doi: https://doi.org/10.1007/s00382-021-05807-8) 

 

8. Lemos, G., Semedo, A., Hemer, M., Menendez, M., & Miranda, P. M. (2021). Remote climate 
change propagation across the oceans–the directional swell signature. Environmental Research 
Letters.(doi: https://doi.org/10.1088/1748-9326/ac046b) 

 
9. Lobeto, H., Menendez, M., & Losada, I. J. (2018). Toward a Methodology for 
Estimating Coastal Extreme Sea Levels From Satellite Altimetry.Journal of Geophysical Research: 
Oceans,123(11), 8284-8298..(doi:https://doi.org/10.1029/2018JC014487) 

 
10. Lobeto, H., Menendez, M., & Losada, I. J. (2021). Future behavior of wind wave extremes due 
to climate change. Scientific reports, 11(1), 1-12.(doi: 10.1038/s41598-021-86524-4) 

 
11. Melet, A., Meyssignac, B., Almar, R., & Le Cozannet, G. (2018). Under-estimated wave 
contribution to coastal sea-level rise. Nature Climate Change, 8(3), 234-239.(doi: 
https://doi.org/10.1038/s41558-018-0088-y) 

 

12. Nidheesh, A. G., Lengaigne, M., Vialard, J., Izumo, T., Unnikrishnan, A. S., Meyssignac, B. & de 
Boyer Montégut, C. (2017). Robustness of observation‐based decadal sea level variability in the Indo‐ 
Pacific Ocean. Geophysical Research Letters, 44(14), 7391- 
7400.(doi:https://doi.org/10.1002/2017GL073955) 

 
13. Tellez-Arenas, A., Quique, R., Boulahya, F., Le Cozannet, G., Paris, F., Le Roy, S., ... & Robida, F. 
(2018). Scalable interactive platform for geographic evaluation of sea-level rise impact combining 
high-performance computing and WebGIS Client. In Communicating Climate Change Information for 
Decision-Making (pp. 163-175). Springer, Cham.(doi: https://hal-brgm.archives-ouvertes.fr/hal- 
02137523) 

 
14. Thiéblemont, R., Le  Cozannet, G., Rohmer, J., Toimil, A., Álvarez-Cuesta, M., & Losada, 
I. J. (2021). Deep uncertainties in shoreline change projections: an extra-probabilistic approach 
applied to sandy beaches. Natural Hazards and Earth System Sciences Discussions, 1-24.(doi: 
https://doi.org/10.5194/nhess-21-2257-2021) 

 
15. Thiéblemont, R., Le Cozannet, G., Toimil, A., Meyssignac, B., & Losada, I. J. (2019). 
Likely and high-end impacts of regional sea-level rise on the shoreline change of European 
sandy coasts under a high greenhouse gas emissions scenario.Water,11(12), 2607. (doi: 
https://doi.org/10.3390/w11122607). 

 

16. Toimil, A., Camus, P., Losada, I. J., Le Cozannet, G., Nicholls, R. J., Idier, D., & Maspataud, A. 
(2020). Climate change-driven coastal erosion modelling in temperate sandy beaches: Methods and 
uncertainty treatment. Earth-Science Reviews, 202, 
103110.(doi:https://doi.org/10.1016/j.earscirev.2020.103110) 

https://doi.org/10.1175/JAMC-D-19-0297.s1
https://doi.org/10.1007/s00382-021-05807-8
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17. Weiss, C. V., Menendez, M., Ondiviela, B., Guanche, R., Losada, I. J., & Juanes, J. (2020). 
Climate change effects on marine renewable energy resources and environmental conditions for 
offshore aquaculture in Europe. ICES Journal of Marine Science, 77(7-8), 3168-3182.(doi: 
0.1093/icesjms/fsaa226) 

 

- A2: Article / Book intended for large audiences including training material. 
Three documents are developed to describe the state of the art or some European review of 
available information: 
1-. Climate information needs from multisector stakeholders (D1B) 
2-. A review of methodologies for regional studies of sea surface dynamics (D2B) 
3-. A review of existing modelling frameworks to assess climate change driven shoreline changes 
(D4A) 

 
 

- A3: Project document of general interest with public access. 
11 documents of public access about different topics within the scope of the project are generated. 
They can be found in the ECLISEA website: https://www.ecliseaproject.eu/outputs/ 

 
B. Datasets that can be used as input to deliver a climate service 

 
- B1: Dataset in open Access: 
ECLISEA has delivered three datasets. They provide regional information of historical sea surface 
dynamics in Europe, the future projected changes of the sea surface dynamics under different 
greenhouse gases scenarios, and a list of impact indicators related to the insurance, energy, tourism, 
and port & navigations sectors. The datasets are compiled in a smart data insfrastructure in open 
access. They are stored in a Thredds catalogue of standardized files. Details of the databases are 
provided in the documents below: 
(i) A European Database from Historical and Present Climate conditions 
(https://www.ecliseaproject.eu/wp- 
content/uploads/2019/08/eclisea_wp2_d2d_a_european_database_from_historical_and_present_cl 
imate_conditions_0.pdf) 
(ii) A European database of regional climate projections of sea surface dynamcis 
(https://www.ecliseaproject.eu/wp-content/uploads/2021/09/Deliverable-D3E_Database-Climate- 
Projections.pdf ) 
(iii) A database with sectorial coastal climate indicators along the European coastline and seas for 
several stakeholders sectors (https://www.ecliseaproject.eu/wp- 
content/uploads/2021/09/Deliverable-D4C_CoastalClimateIndicators.pdf ) 

 
The access links to the databases are structured as follow: 
- Wave databases: 
https://ihthredds.ihcantabria.com/thredds/ECLISEA/Waves/catalog.html 
- Storm surge databases: 
https://ihthredds.ihcantabria.com/thredds/ECLISEA/NTR/catalog.html 
- Mean sea level rise databases: 
https://ihthredds.ihcantabria.com/thredds/ECLISEA/MSLR/catalog.html 
- Impact indicators databases: 
https://ihthredds.ihcantabria.com/thredds/ECLISEA/Impacts/catalog.html 

 
 

C. Software that can be used to deliver a climate service 

http://www.ecliseaproject.eu/outputs/
http://www.ecliseaproject.eu/wp-
http://www.ecliseaproject.eu/wp-content/uploads/2021/09/Deliverable-D3E_Database-Climate-
http://www.ecliseaproject.eu/wp-
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- C1: Software in open Access: This project contains notebooks with different usage examples 
for ECLISEA data. The researcher will be able, with the help of the notebooks, to generate a code to 
work with the data in a simple way. https://github.com/IHCantabria/datahub.client.ECLISEA 

 
- C1: Software in open Access: This is the COasTAUD framework, which allows: to produce 
probabilistic shoreline change projections as in https://doi.org/10.1038/s41598-018-37017-4 : The 
zip file contains R codes allowing to perform retrospective and future shoreline change projections 
and to perform sensitivity analysis. Only codes developed by me are included. https://urlz.fr/9mQi 

 
 

D. Full service ready to operate 
 

- D1: Storm Surge Monitor and Sea Level Monitor 
By contextualizing real-time data with long-term statistics, the Storm Surge Monitor provides 
automated near real-time assessments of the course and severity of the ongoing storm surge season 
and its single events. It also evaluates the seasonal anomalies and systematic changes in storm surge 
activity. The Storm Surge Monitor was developed for several frequently considered indicators such as 
the height, frequency, duration, or intensity of storm surges. Information on these indicators is 
presented freely online and in a user-friendly way with figures, texts and interpretations. Moreover, 
to ensure fast information delivery, the Storm Surge Monitor is automatically updated four times a 
day. The following link provides access to the storm surge monitor: www.stormsurge-monitor.eu 

 

The same concept has been applied and demonstrated in another web tool, the Sea Level Monitor, 
which focuses on the localized information of sea level variability and change. The HZG Sea Level 
Monitor provides information about the sea level rise at the German coasts. It shows how much and 
how fast the sea level has risen in the past, and if there is evidence of a systematic acceleration or if 
the current rise already meets the IPCC scenarios. To connect with the Storm Surge Monitor, it also 
analyzes the possible impact of future mean sea level rise on storm surges under difference IPCC 
scenarios. The Sea Level Monitor enables us to update the statistics and to detect the changes at the 
earliest possible stage. It is automatically updated on yearly basis to make sure the latest information 
is accessible. The following link provides access to the sea level monitor: www.sealevel-monitor.eu 

 

- D1/F1: ECLISEA GeoViewer 
The ECLISEA Geospatial Viewer provides a friendly access to all products generated and stored at the 
data infrastructure in support to coastal climate services. Due to the large number of products, the 
Web application provides a filter based on: 
- Type of data: Impacts or Sea Surface Dynamics (SSD: ocean waves or ocean levels ) 
- Scenario: RCP4.5 or RCP8.5 
- Time period: 2026-2045 or 2081-2100 
Once the user provides the area of interest, the Geospatial viewer provides a table with all the 
variables. This table includes several options: 
- Visualize the products metadata (name, spatial and temporal resolution, etc) 
- Activate the variables for spatial visualization purposes 
- Access the catalogue and interoperability protocols 
- Visualize a graph of the variables 
The following link provides access to the ECLISEA Geospatial Viewer: 
https://eclisea.ihcantabria.com/ 

 

- D1: A coastal flooding simulator 

http://www.stormsurge-monitor.eu/
http://www.sealevel-monitor.eu/
https://eclisea.ihcantabria.com/
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The interactive web application provides coastal flooding under different mean sea level rises. 
Customizing the tide and surge values, the flooding with very high spatial resolutions along the 
French coastline can be visualized ( https://eclisea.brgm-rec.fr/appseclisea/ ) 

https://eclisea.brgm-rec.fr/appseclisea/
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EUPHEME Towards attribution of extreme climate events 
 

https://www.met.ie/ga/climate-change-and-its-role-in-extreme-weather-events-in-europe  

 

Lead PI: Lethem Dom, Met-Office, UK 
 

Research performing organisations: Met-Office, UREAD, Météo France, BRGM, CEA, CNRS, Met 
Éireann, KNMI, UVGZ 

 
A1 EUPHEME WP2 developed methodologies that may be used in a service to produce 
attribution assessments of extreme events. These are described in the following peer-reviewed 
papers: 
- Cattiaux J., A. Ribes (2018) : Defining extreme weather events in a climate perspective, BAMS, 99 (8) 
- Ribes A., S. Thao, J. Cattiaux (2020) : Describing the relationship between a weather event and 
climate change: a new statistical approach, Journal of Climate, 33 (15), 6297–6314. 
- Naveau, P., A. Hannart, A. Ribes (2020) Statistical methods for extreme event attribution in climate 
science, Annual Review of Statistics and its Application, 7, 89–110, doi:10.1146/annurev-statistics- 
031219-041314. 
- Robin, Y., A. Ribes (2020) Non-stationary GEV analysis for event attribution combining climate 
models and observations, ASCMO. 

 

A1 A first study into the change in risk of wildfires due to climate change. Has already been used 
extensively, both cited in the scientific literature and used by the Royal Commission and state 
commissions investigating the extreme bushfire season of 2019/2020 and policy changes needed. 
- Geert Jan van Oldenborgh, Folmer Krikken, Sophie Lewis, Nicholas J. Leach, Flavio Lehner, Kate R. 
Saunders, Michiel van Weele, Karsten Haustein, Sihan Li, David Wallom, Sarah Sparrow, Julie Arrighi, 
Roop P. Singh, Maarten K. van Aalst, Sjoukje Y. Philip, Robert Vautard, and Friederike E. L. Otto. 
Attribution of the Australian bushfire risk to anthropogenic climate change. Under review, discussion 
paper at https://doi.org/10.5194/nhess-2020-69 

 
A1 EUPHEME scientists published a health impacts study that introduces two new indices that 
measure the effect of anthropogenic climate change on the intensity and frequency of health- 
relevant heat extremes. The study demonstrates how the indices can be incorporated into an 
attribution service. 
- Christidis, N., D. Mitchell, and P. A. Stott, Anthropogenic climate change and heat effects on health, 
Int. J. Climatol., 39, 4751-4768, doi:10.1002/joc.6104, 2019 

 

A1/A2 The protocol was tested in rapid attribution studies of the following events in the EUPHEME 
project. These mainly extend the variables that we can consider beyond the simple set that is being 
operationalised in Copernicus (heat, cold, high and low precipitation), preparing them for possible 
operationalisation. The non-peer reviewed scientific reports can always be found on the World 
Weather Attribution web site, the status of the peer review is noted for each study. 
The following paper compares the precipitation-based attribution that has often been used for 
flooding to an attribution of river discharge, which is much more directly related to the impacts. 
- Sjoukje Philip, Sarah Sparrow, Sarah F. Kew, Karin van der Wiel, Niko Wanders, Roop Singh, 
Ahmadul Hassan, Khaled Mohammed, Hammad Javid, Karsten Haustein, Friederike E. L. Otto, Feyera 
Hirpa, Ruksana H. Rimi, A. K. M. Saiful Islam, David C. H. Wallom, and Geert Jan van Oldenborgh 
(2019). Attributing the 2017 Bangladesh floods from meteorological and hydrological perspectives. 
Hydrol. Earth Syst. Sci., 23, 1409–1429, https://doi.org/10.5194/hess-23-1409-2019. 

https://www.met.ie/ga/climate-change-and-its-role-in-extreme-weather-events-in-europe
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A2 A protocol for robust multi-method multi-model extreme event attribution that developed 
by the World Weather Attribution project based on EUCLEIA and EUPHEME results is described in the 
paper below and forms the basis for the operationalisation of straightforward event attributions in 
the prototype Copernicus attribution service being set up. 
- Sjoukje Philip, Sarah Kew, Geert Jan van Oldenborgh, Friederike Otto, Robert Vautard, Karin van der 
Wiel, Andrew King, Fraser Lott, Julie Arrighi, Roop Singh, and Maarten van Aalst (2020). A protocol 
for probabilistic extreme event attribution analyses, Advances in Statistical Climatology, Meteorology 
and Oceanography, accepted. 

 
C1 EUPHEME WP2 developed code that allows users to derive event attribution assessments 
from pre-processed CMIP data. The development of the code ongoing and it is publicly available from 
GitHub: https://github.com/yrobink/NSSEA. 

 

C4 EUPHEME WP4 developed the “attribution sandbox” software that allows users to select 
their region of interest and define an extreme event for which the sandbox returns an attribution 
assessment based on the Hadley Centre’s HadGEM3-A model. The software was trialled with 
stakeholder groups during the project and received positive feedback. 

 
E3 EUPHEME WP4 has produced factsheets on recent high-impact extreme events. The 
factsheets explain how anthropogenic climate change may have affected characteristics of the 
events. The factsheets were continuously improved based on users’ feedback collected during 
stakeholder workshops will be linked to the project’s website. 

 

E1 EUPHEME WP1 has established networks of stakeholders group in different European 
countries that showed interest in extreme event attribution and provided useful feedback for the 
development of a prototype attribution service. 
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EVOKED Exploring the citizen perception of climate change risks 
 

https://www.ngi.no/eng/Projects/EVOKED/ 
 

Project main objective: The objective of EVOKED is to re-frame the risk and uncertainty associated 
with climate data into knowledge products more understandable and useful for end-users concerned 
with risk mitigation and adaptation. 

 
Lead PI: Amy Oen, Norwegian Geotechnical Institute 

 
Research Institutes involved: Swedish Geotechnical Institute (SGI), Deltares (DS), 
Christian-Albrechts University Kiel (CAU) 

 
Supporting RFOs: RCN (NO), FORMAS (SE), NOW (NL), BMBF (DE) 

 
A1: Raaphorst, K., Koers, G., Ellen, G. J., Oen, A., Kalsnes, B., van Well, L., Koerth, J. & van der Brugge, 
R. (2020). Mind the Gap: Towards a Typology of Climate Service Usability Gaps. Sustainability, 12(4), 
1512. https://doi:10.3390/su12041512. Many climate services have ‘usability gaps’: the information 
provided, or the way it is visualized, may be unsuitable for end users to inform decision-making 
processes in relation to adaptation against climate change impacts or for the development of policies 
to this end. The aim of this article is to contribute to more informed and efficient decision-making 
processes in climate adaptation by developing a typology of usability gaps for climate services. 

 
A1: Reimann, L., Vollstedt, B., Koerth, J., Tsakiris, M., Beer, M., Vafeidis, A. T. (2021). Extending the 
Shared Socioeconomic Pathways (SSPs) to support local adaptation planning—A climate service for 
Flensburg, Germany. Futures, 127, 102691, https://doi.org/10.1016/j.futures.2020.102691. In this 
study, we extend the global-scale Shared Socioeconomic Pathways (SSPs) to develop local SSPs as a 
tool to inform adaptation decisions (a so-called ‘climate service’) for the city of Flensburg, Germany. 

 
A1: Vollstedt, B., Koerth, J., Tsakiris, N. Nieskens, M., Vafeidis, A. T. (2021). Co-production of climate 
services: a story map for future coastal flooding for the city of Flensburg. Climate Services, 22, 
100225, https://doi.org/10.1016/j.cliser.2021.100225. Story maps offer the possibility to visualise 
scientific information and climate data in an accessible format and, as web-based tools, reach a large 
audience. However, the use of story maps in the context of climate services has not yet been widely 
explored or implemented. In this study we present a story map for communicating the potential 
impacts of flooding due to sea-level rise for the city of Flensburg, situated at the German Baltic Sea 
coast. 

 

A3: SGI (2018). Living Lab Co-Design Requirements Guiding Paper. Deliverable D1.1 of the EVOKED 
(Enhancing the Value of Climate Data) Project, 22 pp. https://www.ngi.no/download/file/12509). 
Living Labs have been emerging as a form of collective governance and experimentation to address 
societal challenges and opportunities. For the purposes of EVOKED, a Living Lab is to involve a range 
of committed stakeholders in real-life 'laboratory' settings to test and develop alternative solutions 
for complex challenges, such as climate adaptation or for the testing and producing a climate service. 

 
A3: CAU (2019). Local set of scenarios. Deliverable 2.1 of the EVOKED (Enhancing the Value of 
Climate Data) Project, 65 pp. https://www.ngi.no/download/file/14357). The co-development of 
local socioeconomic scenarios for each of the case study sites provided an opportunity for end-user 
partners to consider future climate change impacts using new predictive scenario methods. This 
exercise was based on the Shared Socioeconomic Pathways (SSPs) framework used in climate impact 

https://www.ngi.no/eng/Projects/EVOKED/
http://www.ngi.no/download/file/12509)
http://www.ngi.no/download/file/14357)
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research using five possible pathways for society and society-influenced systems to evolve (SSP1 
Sustainability, SSP2 Middle of the road, SSP3 Regional rivalry, SSP4 Inequality, SSP5 Fossil fueled). 

 
A3: CAU (2019). Case study site maps of exposure and vulnerability. Deliverable 2.2 of the EVOKED 
(Enhancing the Value of Climate Data) Project, 34 pp. https://www.ngi.no/download/file/14867). 
These SSP narratives for each of the EVOKED case study sites are in this report used as input for 
creating site specific maps for visualizing the identified climate change impacts. 

 
A3: CAU (2019). Template for communicating scientific information and results. Deliverable 2.3 of 
the EVOKED (Enhancing the Value of Climate Data) Project, 24 pp. 
https://www.ngi.no/download/file/15197. 

 

A3: Deltares (2019). Field trial framework for the use of knowledge concerning climate adaptation 
measures and their implementation. Deliverable D3.1 of the EVOKED (Enhancing the Value of 
Climate Data) Project, 26 pp. https://www.ngi.no/download/file/14356. This field trial framework 
presents a series of hypotheses to find ways in which climate information meets the needs of the 
end-users and to bridge the usability gap between the producers and users of information. 

 
A3: Deltares (2020). Capacity building material for the field trials. Deliverable D3.2 of the EVOKED 
(Enhancing the Value of Climate Data) Project, 55 pp. https://www.ngi.no/download/file/17813. In 
Deliverable 3.1 (Deltares, 2019) the theoretical background, research questions, hypotheses and 
overall method have been described. This deliverable focuses on the workflow in the field trials and 
provides capacity materials (templates) to carry out the research. 

 

A3: Deltares (2020). Reports on execution of field trails at each case study site. Deliverable D3.3 of 
the EVOKED (Enhancing the Value of Climate Data) Project, 115 pp. 
https://www.ngi.no/download/file/17984. The contribution of the field trials to the overarching 
main research question of EVOKED ‘How to reframe climate data into knowledge products more 
understandable and useful for end-users concerned with risk mitigation and adaptation?’ is twofold: i) 
The proces of designing a climate service: The cases show that this kind of approach works as the 
improved climate services better address the knowledge needs of stakeholders, and are more 
understandable, ii) The communication qualities of the climate service: The climate information 
design framework developed during this project helps guiding the reframing process by looking for 
coherence between four key aspects: intended audience, purpose, information and visual language. 

 

A3: NGI (2021). EVOKED Framework methodology guide. Deliverable D5.4 of the EVOKED (Enhancing 
the Value of Climate Data) Project, 41 pp. https://www.ngi.no/download/file/18520. The EVOKED 
framework methodology places the end-user in the center as the driver of the co-creation process to 
ensure that the needs, wants, and limitations of a potential product or service are placed at the 
forefront. Furthermore, the framework places an emphasis on integrated transdisciplinary research 
that creates a bridge between the enduser (in the center) and climate knowledge providers through 
translators who operate within climate sensitive sectors (e.g. water management, disaster risk 
reduction and coastal management) and have experience in facilitating stakeholder dialogue. 

 
A3: Oen, Amy (2018): EVOKED – Skreddersydde klimadata. Article in NGI Magasinet 2017-2018 
#påsikkergrunn. https://indd.adobe.com/view/b899d9da-a604-4468-b43d-ecacc43b4dc1. 

 
A3: Ekeheien, C.; Kalsnes, B.; Oen, A.M.P.; Vasbotten, M.; Heggelund, I. (2019): Klimatilpasning i en 
usikker fremtid. Article submitted to Geoforskning's dissemination competition. 
https://www.geoforskning.no/nyheter/grunnforskning/2032-klimatilpasning-i-en-usikker-fremtid. 

http://www.ngi.no/download/file/14867)
http://www.ngi.no/download/file/15197
http://www.ngi.no/download/file/14356
http://www.ngi.no/download/file/17813
http://www.ngi.no/download/file/17984
http://www.ngi.no/download/file/18520
http://www.geoforskning.no/nyheter/grunnforskning/2032-klimatilpasning-i-en-usikker-fremtid
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A4: SGI (2019). Climate services needs inventory. Deliverable D1.2 of the EVOKED (Enhancing the 
Value of Climate Data) Project, 46 pp. 

 
A4: Van Well, L.; Vafeidis, A.; Ellen, G.J.; Zetterlund, M.S.; Harbitz, C.; Oen, A.; Koerth, J.; van der 
Brugge, R. (2019): Enhancing the value of climate data through living labs. Special Issue of Urban 
Climate (manuscript). 

 
D4/F1: Värmland County in Sweden launched a story map to create awareness among officials and 
politicians. The story map illustrates what municipalities can do, not what they must do (https://ext- 
geoportal.lansstyrelsen.se/arcgis/ 
apps/MapSeries/index.html?appid=9564686cb9a543f5a72fced67d895bbf). 

 

D4/F1: The City of Flensburg, Germany, also created a story map in an iterative process with citizens. 
Their story map focuses on illustrating flood impacts in the city (http://meeresspiegelanstieg-in- 
flensburg.info). 

 
D4/F1: In the Netherlands, EVOKED carried out Living Labs and field trials and process in North 
Brabaant resulted in a revision of a regional version of the Dutch National Adaptation Strategy (NAS) 
infographic that was designed together with the municipalities, waterboards, and province during an 
interactive session (https://www.klimaatadaptatiebrabant.nl/hulpmiddelen/hulpmiddelen- 
detail/224/NAS-adaptatietool). 

 

E1: Living Labs at Larvik municipality in Norway to include landowners, builders, real estate land 
developers and different departments in the municipality. 

 
E1: Living Labs at Arvika municipality in Sweden to include citizens and different departments in the 
municipality. 

 
E1: Living Labs at in the Fluvius region of the Netherlands strengthened the existing Fluvius region 
work group to include the Municipalities in the Fluvius region, the Water board Drents Overijsselse 
Delta, the Province of Drenthe / Overijssel as well as civic stakeholders are involved which deal with 
the interests of the agricultural industry (LTO) as well as nature conservation (NMF). 

http://meeresspiegelanstieg-in-/
http://www.klimaatadaptatiebrabant.nl/hulpmiddelen/hulpmiddelen-
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INDECIS Developing user-oriented climate indicators based on 
observations 

 

http://www.indecis.eu/ 
 

INDECIS is an integrated approach for the development across Europe of user oriented climate 
indicators for GFCS high-priority sectors: agriculture, disaster risk reduction, energy, health, water 
and tourism. 

 
LPI: Dr Enric Aguilar, Rovira i Virgili University. 

 
Resarch Institutes: C3-URV, RMI, GCRI, BRGM-FGS, Mét Eireann, KNMI, CNR-IRPI, FCUL, MeteoRO, 
AEMET, BSC, CSIC-IPE, UCAN-UH, SMHI, UREAD. 

 

RFOS: FORMAS (SE), DLR (DE), BMWFW (AT), IFD (DK), MINECO (ES), ANR (FR) with co-funding by the 
European Union. Grant Number: 690462 

 
A1 Atmospheric precursors for intense summer rainfall over the UK. International Journal of 
Climatology. Allan, R. P., Blenkinsop, S., Fowler, H.J. & Champion, A. J. (2019). DOI: 10.1002/joc.6431 . 
Atmospheric precursors to intense sub‐daily summer rainfall, linked to flooding impacts in the United 
Kingdom, are characterized over the period 1979–2014. Events are characterised by substantial 
moisture transport from the south or south east and the heaviest events characterized by a tripole 
geopotential anomaly pattern across the North Atlantic that are associated with southerly flows or 
warm,moist air often referred to as Spanish Plumes. 

 
A1 Statistical downscaling with the downscaleR package (v3.1.0): contribution to the VALUE 
intercomparison experiment. Geosci. Model Dev., 13, 1711–1735.DOI: 10.5194/gmd-13-1711-2020. 
Bedia, J., Baño-Medina, J., Legasa, M. N., Iturbide, M., Manzanas, R., Herrera, S., Casanueva, A., San- 
Martín, D., Cofiño, A. S., and Gutiérrez, J. M (2020). The main features of downscaleR are showcased 
through the replication of some of the results obtained in VALUE, placing an emphasis on the most 
technically complex stages of perfect-prognosis model calibration (predictor screening, cross- 
validation, and model selection) that are accomplished through simple commands allowing for 
extremely flexible model tuning, tailored to the needs of users requiring an easy interface for 
different levels of experimental complexity. As part of the open-source climate4R framework, 
downscaleR is freely available and the necessary data and R scripts to fully replicate the experiments 
included in this paper are also provided as a companion notebook. 

 
A1 IMERG-Based Meteorological Drought Analysis over Italy. Climate, 9, 65, DOI: 
10.3390/cli9040065. Caloiero, T., Caroletti, G. N. & Coscarelli, R. (2021). The Mediterranean region is 
an area particularly susceptible to water scarcity and drought. In this work, drought has been 
analyzed in Italy using multiple timescales of the standardized precipitation index (SPI) evaluated 
from the Integrated Multi-satellitE Retrievals for Global Precipitation Measurement product from 
2000 to 2020. In particular, drought characteristics (severity, duration, and intensity) have been 
estimated by means of the run theory applied to the SPI values calculated in 3325 grid points falling 
within the Italian territory. Results clearly indicate that although a high number of drought events 
has been identified for the short timescale, these events present a lower duration and lesser severity 
than the long-timescale droughts. The main outcomes of this study, with the indication of the spatial 
distribution of the drought characteristics in Italy, allow identifying the areas that could also face 

http://www.indecis.eu/
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water stress conditions in the future, thus requiring drought monitoring and adequate adaptation 
strategies. 

 
A1 A Homogeneous Dataset for Rainfall Trend Analysis in the Calabria Region (Southern Italy). 
Water, 12, 2541; doi:10.3390/w12092541. Caloiero, T., Filice, E., Coscarelli, R. & Pellicone G. (2020) 
In order to investigate the tendency in rainfall amount in Calabria (southern Italy), in this work, 
monthly rainfall series were first tested for homogeneity and then a trend analysis was performed. In 
particular, a homogenization approach based on the Climatol method was applied to homogenize 
monthly climatological series. Then, the Mann–Kendall non-parametric test and the Theil–Sen 
estimator were applied to evaluate the presence of trends and their significance in the monthly, 
seasonal and annual rainfall series. Moreover, the trend slopes were further evaluated with a linear 
regression analysis. At the annual scale, results evidenced a decreasing trend mainly in the north- 
eastern part of the region. At the seasonal scale, a spatial distributed negative trend in winter, and a 
positive trend in summer, mainly localized in the north-western part of the region, were identified. 
Finally, on a monthly scale negative trends spreading across the region were detected in January and 
December, with an opposite behavior in July and especially in September, when almost the entire 
region presented a positive trend 

 
A1 A sub-regional approach to the influence analysis of teleconnection patterns on precipitation 
in Calabria (southern Italy). International Journal of Climatology, DOI: 10.1002/joc.7087. Caroletti, G. 
N., Coscarelli, R., & Caloiero, T. (2021). In this study, the problem of determining, with an adequate 
statistical significance, the relationship between teleconnection pattern indices and precipitation at 
climatological time scales has been addressed through a novel technique based on a rainfall zonation, 
by means of creating a regional precipitation database for a whole‐region correlation approach 

 

A1 Validation of Satellite, Reanalysis and RCM Data of Monthly Rainfall in Calabria (Southern 
Italy). Remote Sensing,11(13), 1625.DOI: 10.3390/rs11131625. Caroletti, G. N., Coscarelli, R., & 
Caloiero, T. (2019).Skills in reproducing monthly rainfall over Calabria (southern Italy) have been 
validated for the Climate Hazards group InfraRed Precipitation with Station data (CHIRPS) satellite 
data, the E-OBS dataset and 13 Global Climate Model-Regional Climate Model (GCM-RCM) 
combinations, belonging to the ENSEMBLES project output set. To this aim, 73 rainfall series for the 
period 1951–1980 and 79 series for the period 1981–2010 have been selected from the database 
managed by Multi-Risk Functional Centre of the Regional Agency for Environmental Protection 
(Regione Calabria) 

 
A1 Subdaily Rainfall Estimation through Daily Rainfall Downscaling Using Random Forests in 
Spain. Water, 11(1), 125.DOI: 10.3390/w11010125. Diez-Sierra, J., & del Jesus, M. (2019). Subdaily 
rainfall data, though essential for applications in many fields, is not as readily available as daily 
rainfall data. In this work, regression approaches that use atmospheric data and daily rainfall 
statistics as predictors are evaluated to downscale daily-to-subdaily rainfall statistics on more than 
700 hourly rain gauges in Spain. We propose a new approach based on machine learning techniques 
that improves the downscaling skill of previous methodologies. Results are grouped by climate types 
(following the Köppen–Geiger classification) to investigate possible missing explanatory variables in 
the analysis. The methodology is then used to improve the ability of Poisson cluster models to 
simulate hourly rainfall series that mimic the statistical behavior of the observed ones. This approach 
can be applied for the study of extreme events and for daily-to-subdaily precipitation disaggregation 
in any location of Spain where daily rainfall data are available. 

 
A1 Twelve years of daily weather descriptions in North-America in the 18th century (Mexico 
City, 1775-1786) .Bulletin of the American Meteorological Society. 100: 1531-1547. DOI: 
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10.1175/BAMS-D-18-0236.1. Domínguez-Castro, F., Gallego, M. C., Vaquero, J. M., García-Herrera, R., 
Peña-Gallardo, M., El Kenawy, A., Vicente-Serrano S. M. (2019). The weather diary of Felipe de 
Zúñiga y Ontiveros was recorded in Mexico City from 1775 to 1786. It is the earliest meteorological 
observational record of Mexico. The diary provides daily meteorological information for rain 
frequency, temperature, frost, hail, thunderstorms, and wind, with higher resolution than any other 
contemporary documentation or natural proxy from this region. The seasonal distributions of rainy 
days, temperature, hail, and thunderstorms correspond well with those from the Tacubaya 
Observatory in Mexico City (1886–2016). Two drought periods (1780/81 and 1785/86) and one wet 
period (1782/83) were identified. The drought spanning from 1785 to 1786 is known in the literature 
as “the hunger year” because it represented the most severe famine during the colonial period 
(1521–1821). This paper analyzes—for the first time—this event at a daily scale. Similar to the 
reported droughts of 1909/10 and 2010/11, 1785/86 was a very dry period. But the dry conditions of 
1785 were followed by intense frosts that started in late August and continued through September 
and October. This combination led to the destruction of crops and subsequent famine. The duration 
of the frost does not have analogs during the instrumental period, probably because of the intense 
warming and land changes registered over the last years in the region. 

 
A1 New documentary evidence of the Tunguraghua eruption on 23rd April 1773, 
Ecuador.Natural Hazards. 94, 1463-1473. DOI: 10.1007/s11069-018-3474-x. Domínguez-Castro, F., 
Gonzalez, F., García-Herrera, R., El Kenawy, A., Peña-Gallardo, M., Vicente-Serrano, S. M., González, 
E.(2018). Three documents describing the Tungurahua eruption of April 23, 1773, have been 
retrieved. The first one is a report of the eruption that has been translated, while the other two are 
pictographic documents of high quality. Their analysis provides previously unknown information 
about this eruption. Moreover, our primary sources provide evidences that Cerro Hermoso had an 
important glacier at that time and that the glacier terminus of the Tungurahua was approximately 
148 m below the terminus in the early 1980s. This work is an example that an exhaustive analysis of 
primary documentary sources allows a better characterization of natural hazards that occurred in 
historical periods. 

 
A1 A multidecadal assessment of climate indices over Europe. Sci Data 7, 125 (2020). DOI: 
10.1038/s41597-020-0464-0. Domínguez-Castro, F., Reig, F., Vicente-Serrano, S.M. Aguilar, E., Peña- 
Angulo, D., Noguera, I., Revuelto, J., van der Schrier, G., El Kenawy, A. (2020). Monitoring and 
management of several environmental and socioeconomic sectors require climate data that can be 
summarized using a set of standard and meaningful climate metrics. This study describes a newly 
developed gridded dataset for the whole of Europe, which employed a set of 125 climate indices 
spanning different periods based on data availability, but mainly 1950–2017 and 1979–2017. This 
dataset comprehensively summarizes climate variability in Europe for a wide range of climate 
variables and conditions, including air temperature, precipitation, biometeorology, aridity, 
continentality, drought, amongst others. Climate indices were computed at different temporal scales 
(i.e. monthly, seasonal and annual) and mapped at a grid interval of 0.25°. We intend to update 
these indices on an annual basis. This dataset is freely available to research and end-user 
communities. 

 

A1 Mapping seasonal and annual extreme precipitation risk over the Peruvian Andes. 
International Journal of Climatology 38, 5459-5475. DOI: 10.1002/joc.5739. Dominguez-Castro, F., 
Vicente-Serrano, S. M., López-Moreno, J. I., Correa, K., Avalos, G., Azorin-Molina, C., El Kenawy, A., 
Tomas-Burguera, M., Navarro-Serrano, F., Peña-Gallardo, M., Gimeno, L., Nieto R. (2018). Seasonal 
and annual extreme precipitation over the Peruvian Andes have been mapped for the first time. 
Maps were developed using the most complete, quality‐controlled and homogenous daily 
precipitation records in Peru from 1973 to 2016. For each observed rain gauge series, we defined 



104 

 

 

 
 

parameters as the de‐clustered daily intensity, total precipitation duration, total magnitude and dry‐ 
spell length. Then, we fitted the seasonal and annual series of these variables to a Generalized‐ 
Pareto distribution using a peak‐over‐threshold approach 

 

A1 High spatial resolution climatology of drought events for Spain: 1961-2014. International 
Journal of Climatology. 39, 5046-5062. DOI: 10.1002/joc.6126. Domínguez-Castro, F., Vicente- 
Serrano, S. M., Tomás-Burguera, M., Peña-Gallardo, M., Beguería, S., El Kenawy, A., Luna, Y., Morata, 
A., (2019). This study characterizes the climatology of drought events over the mainland Spain and 
the Balearic Islands using high‐resolution (1.21 km2) meteorological data from 1961 to 2014. The 
climatology of drought was assessed based on two widely‐recognized drought indices: the 
Standardized Precipitation Index (SPI) and the Standardized Precipitation‐Evapotranspiration Index 
(SPEI), considering four different timescales (1‐, 3‐, 6‐ and 12‐months). Drought events were simply 
defined as sequences of months with negative values of the indices. We analysed the spatial and 
temporal variability of the frequency, duration and magnitude of the drought events. 

 

A1. High-spatial resolution probability maps of drought duration and magnitude across Spain. Natural 
Hazards and Earth System Science. 19, 611-628. DOI: 10.5194/nhess-19-611-2019. Domínguez-Castro, 
F., Vicente-Serrano, S. M., Tomás-Burguera, M., Peña-Gallardo, M., Beguería, S., El Kenawy, A., Luna, 
Y., Morata, A., (2019). Assessing the probability of occurrence of drought is important for improving 
current drought assessment, management and mitigation measures, and strategies across Spain. This 
study employed two well-established drought indices, the Standardized Precipitation Index (SPI) and 
the Standardized Precipitation Evapotranspiration Index (SPEI), to characterize drought duration and 
magnitude at different timescales over Spain. In order to map the drought hazard probability, we 
applied the extreme value theory and tested different thresholds to generate peak-over-threshold 
(POT) drought duration and magnitude series. 

 
A1. Anthropogenic intensification of short-duration rainfall extremes, Nature Reviews Earth and 
Environment, 2, 107–122, doi: 10.1038/s43017-020-00128-6. Fowler H, Lenderink G, Prein A, Westra 
S, Allan RP, Ban N, Barbero R, Berg P, Blenkinsop S, Do H, Guerreiro S, Haerter J, Kendon E, Lewis E, 
Schaer C, Sharma A, Villarini G, Wasko C, & Zhang X (2021). Short-duration (1–3 h) rainfall extremes 
can cause serious damage to societies through rapidly developing (flash) flooding and are 
determined by complex, multifaceted processes that are altering as Earth’s climate warms. In this 
Review, we examine evidence from observational, theoretical and modelling studies for the 
intensification of these rainfall extremes, the drivers and the impact on flash flooding. 

 
A1. Towards advancing scientific knowledge of climate change impacts on short-duration rainfall 
extremes, Phil. Trans. R. Soc. A., 379, 20190542, doi: 10.1098/rsta.2019.0542. Fowler H, H Ali, RP 
Allan, N Ban, R Barbero, P Berg, S Blenkinsop, NS Cabi, S Chan, M Dale, RJH Dunn, M Ekstrom, JP 
Evans, G Fosser, B Golding, SB Guerreiro, GC Hegerl, A Kahraman, EJ Kendon, G Lenderink, E Lewis, X 
Li, PA O'Gorman, HG Orr, KL Peat, AF Prein, D Pritchard, C Schar, A Sharma, PA Stott, R Villalobos- 
Herrera, G Villarini, C Wasko, MF Wehner, S Westra and A. Whitford (2021). A large number of recent 
studies have aimed at understanding short-duration rainfall extremes, due to their impacts on flash 
floods, landslides and debris flows and potential for these to worsen with global warming. This has 
been led in a concerted international effort by the INTENSE Crosscutting Project of the GEWEX 
(Global Energy and Water Exchanges) Hydroclimatology Panel. Here, we summarize the main 
findings so far and suggest future directions for research, including: the benefits of convection- 
permitting climate modelling; towards understanding mechanisms of change; the usefulness of 
temperature-scaling relations; towards detecting and attributing extreme rainfall change; and the 
need for international coordination and collaboration. 
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A1. Forest resilience to drought varies across biomes. Global Change Biology, 24 (5) , 2143–2158. DOI: 
10.1111/gcb.14082. Gazol, A., Camarero, J. J., Vicente-Serrano, S. M., Sánchez-Salguero, R., Gutiérrez, 
E., de Luis, M., & Galván, J. D. (2018). Forecasted increase drought frequency and severity may drive 
worldwide declines in forest productivity. Species‐level responses to a drier world are likely to be 
influenced by their functional traits. Here, we analyse forest resilience to drought using an extensive 
network of tree‐ring width data and satellite imagery. We compiled proxies of forest growth and 
productivity (TRWi, absolutely dated ring‐width indices; NDVI, Normalized Difference Vegetation 
Index) for 11 tree species and 502 forests in Spain corresponding to Mediterranean, temperate, and 
continental biomes. 

 
A1. Heat-related mortality at the beginning of the twenty-first century in Rio de Janeiro, Brazil. Int J 
Biometeorol (2020). DOI: 10.1007/s00484-020-01908-x. João L. Geirinhas, Ana Russo, Renata 
Libonati, Ricardo M. Trigo, Lucas C. O. Castro, Leonardo F. Peres, Mônica de Avelar F. M. Magalhães 
& Baltazar Nunes Temperature record-breaking events, such as the observed more intense, longer- 
lasting, and more frequent heat waves, pose a new global challenge to health sectors worldwide. 
These threats are of particular interest in low-income regions with limited investments in public 
health and a growing urban population, such as Brazil. Here, we apply a comprehensive 
interdisciplinary climate-health approach, including meteorological data and a daily mortality record 
from the Brazilian Health System from 2000 to 2015, covering 21 cities over the Metropolitan Region 
of Rio de Janeiro. 

 

A1. High-resolution spatio-temporal analyses of drought episodes in the western Mediterranean 
basin (Spanish mainland, Iberian Peninsula). Acta Geophysica, 66(3), 381–392. DOI: 10.1007/s11600- 
018-0138-x. González-Hidalgo, J. C., Vicente-Serrano, S. M., Peña-Angulo, D., Salinas, C., Tomas- 
Burguera, M., & Beguería, S. (2018). The purpose of this research was to identify major drought 
events on the Spanish mainland between 1961 and 2014 by means of two drought indices, and 
analyze the spatial propagation of drought conditions. The indices applied were the standardized 
precipitation index (SPI) and the standardized evaporation precipitation index (SPEI). 

 
A1. Observed Emergence of the Climate Change Signal: From the Familiar to the Unknown; 
Geophysical Research Letters; Volume47, Issue6. DOI: 10.1029/2019GL086259. Hawkins, E., Frame, 
D., Harrington, L., Joshi, M., King, A., Rojas, M., Sutton, R. (2020). Changes in climate are usually 
considered in terms of trends or differences over time. However, for many impacts requiring 
adaptation, it is the amplitude of the change relative to the local amplitude of climate variability 
which is more relevant. Here, we develop the concept of “signal‐to‐noise” in observations of local 
temperature, highlighting that many regions are already experiencing a climate which would be 
“unknown” by late 19th century standards. The emergence of observed temperature changes over 
both land and ocean is clearest in tropical regions, in contrast to the regions of largest change which 
are in the northern extratropics—broadly consistent with climate model simulations. 

 
A1. Bias-adjusted seasonal forecasts of soil moisture for forestry applications in Finland, Adv. Sci. Res., 
17, 23–27, DOI: 10.5194/asr-17-23-2020. Hyvärinen, O., Venäläinen, A., and Vajda, A.: (2020). 
Seasonal forecasts for forestry have been developed in the Finnish Meteorological Institute in 
cooperation with Finnish end-users. Such forecasts could help forest companies in preparing for 
adverse conditions of timber harvesting operations. Bearing capacity for harvesting operations is 
dependent on soil moisture, and skillful forecasts have potentially large economic value. Using the 
ECMWF seasonal forecasts, we evaluated the monthly mean soil moisture forecasts for four different 
start months, with lead times from 0 to 2 months. Forecasts were bias adjusted, and showed skill in 
the first month for all four months. After the first lead month, winter months fared a bit better than 
summer months. 
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A1. The R-based climate4R open framework for reproducible climate data access and post-processing. 
Environmental Modelling and Software, 111, 42–54. DOI: 10.1016/j.envsoft.2018.09.009. Iturbide, 
M., Bedia, J., Herrera, S., Baño-Medina, J., Fernández, J., Frías, M. D., Gutiérrez, J. M. (2019). 
Climate-driven sectoral applications commonly require different types of climate data (e.g. 
observations, reanalysis, climate change projections) from different providers. Data access, 
harmonization and post-processing (e.g. bias correction) are time-consuming error-prone tasks 
requiring different specialized software tools at each stage of the data workflow, thus hindering 
reproducibility. Here we introduce climate4R, an R-based climate services oriented framework 
tailored to the needs of the vulnerability and impact assessment community that integrates in the 
same computing environment harmonized data access, post-processing, visualization and a 
provenance metadata model for traceability and reproducibility of results. 

 
A1. Trends in LST over the peninsular Spain as derived from the AVHRR imagery data. Global and 
Planetary Change, 166, 75–93. DOI: 10.1016/j.gloplacha.2018.04.006. Khorchani, M., Vicente- 
Serrano, S. M., Azorin-Molina, C., Garcia, M., Martin-Hernandez, N., Peña-Gallardo, M., Domínguez- 
Castro, F. (2018). This study analyzes the spatio-temporal variability and trends of land surface 
temperature (LST) over peninsular Spain, considering all the available historical satellite imagery data 
from the NOAA-AVHRR product from July 1981 to June 2015 and explores whether changes in LST 
are related to the observed changes in air temperature, solar radiation and land cover. 

 
A1. Long-term precipitation in Southwestern Europe reveals no clear trend attributable to 
anthropogenic forcing, Environmental Research Letters, 15, 094070, DOI: 10.1088/1748-9326/ab9c4f. 
Peña-Angulo D., Vicente-Serrano S.M., Domínguez-Castro F, Murphy C, Reig F., Tramblay Y., Trigo 
R.M., Luna M.Y., Turco M., Noguera I., Aznárez-Balta M, García-Herrera R., Tomas-Burguera M., El 
Kenawy A. (2020). We present a long-term assessment of precipitation trends in Southwestern 
Europe (1850–2018) using data from multiple sources, including observations, gridded datasets and 
global climate model experiments. Contrary to previous investigations based on shorter records, we 
demonstrate, using new long-term, quality controlled precipitation series, the lack of statistically 
significant long-term decreasing trends in precipitation for the region 

 
A1. The impact of drought on the productivity of two rainfed crops in Spain. Natural Hazards and 
Earth System Science. 19: 1215-1234. DOI: 10.5194/nhess-19-1215-2019. Peña-Gallardo, M., 
Vicente-Serrano, S. M., Beguería, S. Domínguez-Castro, F. (2019). Drought events are of great 
importance in most Mediterranean climate regions because of the diverse and costly impacts they 
have in various economic sectors and on the environment. The effects of this natural hazard on 
rainfed crops are particularly evident. In this study the impacts of drought on two representative 
rainfed crops in Spain (wheat and barley) were assessed. As the agriculture sector is vulnerable to 
climate, it is especially important to identify the most appropriate tools for monitoring the impact of 
the weather on crops, and particularly the impact of drought. Drought indices are the most effective 
tool for that purpose 

 
A1. Drought sensitiveness on NDVI and forest growth in peninsular Spain and the Balearic Islands. 
Forests. 9, 524 DOI: 10.3390/f9090524. Peña-Gallardo, M., Vicente-Serrano, S. M., Camarero, J. J., 
Gazol, A., Sánchez-Salguero, R., Domínguez-Castro, F., El Kenawy, A., Beguería-Portugés, S., Gutiérrez, 
E., de Luis, M., Sangüesa-Barreda, G., Novak, K., Rozas, V., Tíscar, P. A., Linares, J. C., Martínez del 
Castillo, E., Ribas Matamoros, M., García-González, I., Silla, F., Camisón, A., Génova, M., Olano, J. M., 
Longares, L. A., Hevia, A., Galván, J. D. (2018). Drought is one of the key natural hazards impacting 
net primary production and tree growth in forest ecosystems. Nonetheless, tree species show 
different responses to drought events, which make it difficult to adopt fixed tools for monitoring 
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drought impacts under contrasting environmental and climatic conditions. In this study, we assess 
the response of forest growth and a satellite proxy of the net primary production (NPP) to drought in 
peninsular Spain and the Balearic Islands, a region characterized by complex climatological, 
topographical, and environmental characteristics. 

 

A1. Complex influences of meteorological drought time-scales on hydrological droughts in natural 
basins of the contiguous Unites States. Journal of Hydrology. 568: 611-625. DOI: 
10.1016/j.jhydrol.2018.11.026. Peña-Gallardo, M., Vicente-Serrano, S. M., Hannaford, J., Lorenzo- 
Lacruz, J., Svoboda, M., Domínguez-Castro, F., Maneta, M., Tomas-Burguera, M., El Kenawy, A. (2019). 
We analyzed the relationships between meteorological drought and hydrological drought using very 
dense and diverse network of gauged natural drainage basins across the conterminous U.S. 
Specifically, this work utilized a dataset of 289 gauging stations, covering the period 1940–2013. 

 
A1. Analysis of the performance of drought indices to identify drought impacts in different crops over 
United States. Climate Research, 75: 221-240. DOI: 10.3354/cr01519. Peña-Gallardo, M., Vicente- 
Serrano, S. M., Quiring, S., Svoboda, M., Beguería, S., Hannaford, J. (2018). in North America, the 
occurrence of extreme drought events has increased significantly in number and severity over the 
last decades. Past droughts have contributed to lower agricultural productivity in major farming and 
ranching areas across the US. We evaluated the relationship between drought indices and crop yields 
across the US for the period 1961-2014. In order to assess the correlations with yields from the major 
cash crops in the country, we calculated several drought indices commonly used to monitor drought 
conditions, including 4 Palmer-based and 3 multiscalar indices (Standardized Precipitation Index, 
Standardized Precipitation Evapotranspiration Index, Standardized Precipitation Drought Index). 

 
A1. Response of crop yield to different time-scales of drought in the United States: spatio-temporal 
patterns and climatic and environmental drivers. Agricultural and Forest Meteorology. 264: 40-55. 
DOI: 10.1016/j.agrformet.2018.09.019. Peña-Gallardo, M., Vicente-Serrano, S. M., Quiring, S., 
Svoboda, M., Hannaford, J., Tomas-Burguera, M., Martin-Hernandez, N., Domínguez-Castro, F., El 
Kenawy, A. (2019). This article presents an analysis of the response of the annual crop yield in five 
main dryland cultivations in the United States to different time-scales of drought, and explores the 
environmental and climatic characteristics that determine the response. 

 
A1. A perfect prognosis downscaling methodology for seasonal prediction of local-scale wind speeds. 
Environmental Research Letters. https://doi.org/10.1088/1748-9326/abe491. Ramon, J., Lledó, L., 
Bretonnière, P.-A., Samsó, M., and Doblas-Reyes, F. J. (2021). This work provides a new methodology 
based on a statistical downscaling with a perfect prognosis approach to produce seasonal predictions 
of near-surface wind speeds at the local scale. Hybrid predictions combine a dynamical prediction of 
the four main Euro-Atlantic Teleconnections (EATC) and a multilinear statistical regression, which is 
fitted with observations and includes the EATC as predictors. Once generated, the skill of the hybrid 
predictions is assessed at 17 tall tower locations in Europe targeting the winter season. 

 
A1. The Tall Tower Dataset: a unique initiative to boost wind energy research, Earth Syst. Sci. Data, 
12, 429–439. DOI: 10.5194/essd-12-429-2020. Ramon, J., Lledó, L., Pérez-Zanón, N., Soret, A., and 
Doblas-Reyes, F.J. (2020). A dataset containing quality-controlled wind observations from 222 tall 
towers has been created. Wind speed and wind direction measurements covering the 1984–2017 
period have been collected from existing tall towers around the world in an effort to boost the 
utilization of these non-standard atmospheric datasets, especially within the wind energy and 
research fields. Observations taken at several heights greater than 10 m above ground level have 
been retrieved from various sparse datasets and compiled in a unique collection with a common 
format, access, documentation and quality control. 
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A1. What global reanalysis best represents near‐surface winds? Quarterly Journal of the Royal 
Meteorological Society, 145,3236–3251. DOI: 10.1002/qj.3616. Ramon, J., L. Lledó, V. Torralba, A. 
Soret, & F. J. Doblas‐Reyes (2019). Since global reanalysis datasets first appeared in the 1990s, they 
have become an essential tool to understand the climate of the past. The wind power industry uses 
those products extensively for wind resource assessment, while several climate services for energy 
rely on them as well. Nowadays various datasets coexist, which complicates the selection of the most 
suitable source for each purpose. In an effort to identify the products that best represent the wind 
speed features at turbine hub heights, five state‐of‐the‐art global reanalyses have been analysed: 
ERA5, ERA‐Interim, the Japanese 55‐year Reanalysis (JRA55), the Modern Era Retrospective Analysis 
for Research and Applications‐2 (MERRA2), and the National Centers for Environmental Prediction 
(NCEP)/National Center for Atmospheric Research (NCAR) Reanalysis 1 (R1). 

 
A1. Standardized metrics are key for assessing drought severity. Global Change Biology 26: e1-e3. 
DOI: 10.1111/gcb.14899. Standardized metrics are key for assessing drought severity. Global Change 
Biology 26: e1-e3. DOI: 10.1111/gcb.14899. Response to Zang et al. 

 
A1. Saharan air intrusions as a relevant mechanism for Iberian heatwaves: The record breaking 
events of August 2018 and June 2019; Water and Climate Extrems, 26, 2019. DOI: 
10.1016/j.wace.2019.100224. Sousa, P. M., Barriopedro, D., Ramos, A. M., García-Herrera, R., 
Espírito-Santo, F., Trigo, R. M. (2019). The summers of 2018 and 2019 were characterized by 
unusually warm conditions over Europe. Here, we describe the intense heatwaves striking the Iberian 
Peninsula in early August 2018 and late June 2019. The 2018 episode was relatively short-lived but 
outstanding in amplitude, particularly in western Iberia. Similar to previous mega-heatwaves, the 
2019 event was long-lasting and affected large areas of western and central Europe, including 
eastern Iberia. During these events, many absolute temperature records were broken in western and 
eastern Iberia, respectively (some of them standing since 2003). In both cases, a cyclonic circulation 
off the coast in the northeastern Atlantic and a strong subtropical ridge pattern over the affected 
area promoted the advection of an anomalously warm air mass. This paper highlights the role of 
these very warm, stable and dry air intrusions of Saharan origin in the western and eastern Iberia 
heatwave events 

 

A1. Responses of European precipitation distributions and regimes to different blocking locations. 
Climate Dynamics, 48(3–4), 1141–1160. DOI: 10.1007/s00382-016-3132-5. Sousa, P. M., Trigo, R. M., 
Barriopedro, D., Soares, P. M. M., Ramos, A. M., & Liberato, M. L. R. (2017). In this work we 
performed an analysis on the impacts of blocking episodes on seasonal and annual European 
precipitation and the associated physical mechanisms. Distinct domains were considered in detail 
taking into account different blocking center positions spanning between the Atlantic and western 
Russia. 

 
A1. European temperature responses to blocking and ridge regional patterns. Climate Dynamics, 
50(1–2), 457–477. DOI: 10.1007/s00382-017-3620-2. Sousa, P. M., Trigo, R. M., Barriopedro, D., 
Soares, P. M. M., & Santos, J. A. (2018). Blocking occurrence and its impacts on European 
temperature have been studied in the last decade. However, most previous studies on blocking 
impacts have focused on winter only, disregarding its fingerprint in summer and differences with 
other synoptic patterns that also trigger temperature extremes. In this work, we provide a clear 
distinction between high-latitude blocking and sub-tropical ridges occurring in three sectors of the 
Euro-Atlantic region, describing their climatology and consequent impacts on European temperature 
during both winter and summer. 
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A1. Surface temperature during summer days in Craiova, Romania, from satellite observations and 
infrared thermovision measurements, AIP Conference Proceedings, 2075, 130009; 
https://doi.org/10.1063/1.5091294. Udristioiu, M. T., Rosca, D., Velea, L., Bojariu, R., Sararu, S. C., 
Rosca, A. (2019). The study aims to highlight the limits and advantages of two types of remote 
sensing measurements for the study of urban heat island (UHI) effect at meso- and micro-scales 
(102-103 m2) for a medium-size city. The study focuses on Craiova, located in the South-West region 
of Romania and characterized by a continental-temperate climate with hot summers. 

 
A1. Uncertainity evaluation of Climatol's adjustment algortihm applied to daily air temperature time 
series. https://doi.org/10.1002/joc.6854 . O. Skrynyk, E. Aguilar, J.Guijarro, L.Y.A. Randriamarolaza, S. 
Bubin. The present study investigated the uncertainty associated with Climatol's adjustment 
algorithm applied to daily minimum and maximum air temperature. The uncertainty quantification 
was performed based on several numerical experiments and the benchmark data that were created 
in the framework of the INDECIS project. Using a complex approach, the uncertainty was evaluated 
at different levels of detail (day-to-day evaluation through formalism of random functions and six 
statistical metrics) and time resolution (daily and yearly). 

 
A1. The Gaussian copula model for the joint deficit index for droughts. Journal of Hydrology, 561, 
987–999. DOI: 10.1016/j.jhydrol.2018.03.064. Van de Vyver, H., & Van den Bergh, J. (2018). The 
characterization of droughts and their impacts is very dependent on the time scale that is involved. 
In order to obtain an overall drought assessment, the cumulative effects of water deficits over 
different times need to be examined together. For example, the recently developed joint deficit 
index (JDI) is based on multivariate probabilities of precipitation over various time scales from 1- to 
12-months, and was constructed from empirical copulas. In this paper, we examine the Gaussian 
copula model for the JDI. 

 
A1. Modeling the Scaling of Short‐Duration Precipitation Extremes With Temperature. Earth and 
Space Science, 6(10), 2031–2041. DOI: 10.1029/2019EA000665. Van de Vyver, H., Van Schaeybroeck, 
B., De Troch, R., Hamdi, R., & Termonia, P. (2019). The Clausius‐Clapeyron (CC) relation expresses the 
exponential increase in the moisture‐holding capacity of air of approximately 7%/°C. Earlier studies 
show that extreme hourly precipitation increases with daily mean temperature, consistent with the 
CC relation. Recent studies at specific locations found that for temperatures higher than around 
12 °C, hourly precipitation extremes scale at rates higher than the CC scaling, a phenomenon that is 
often referred to as “super‐CC scaling.” These scalings are typically estimated by collecting rainfall 
data in temperature bins, followed by a linear fit or a visual inspection of the precipitation quantiles 
in each bin. In this study, a piecewise linear quantile regression model is presented for a more 
flexible, and robust estimation of the scaling parameters, and their associated uncertainties. 

 
A1. Summer thermal discomfort conditions in Romania under climate change scenarios, Carpathian 
Journal of Earth and Environmental Sciences, Vol. 13, No. 2, p. 595 - 603; 
DOI:10.26471/cjees/2018/013/050. Velea L. and Bojariu, R. (2018). We use temperature-humidity 
index (THI) and the Net Effective Temperature (NET) index to estimate the occurrence of thermal 
stressful conditions during summer in Romania under the RCP 4.5 and RCP 8.5 climate change 
scenarios. We employ results from four regional climate models for the periods 2021-2050 and 2071- 
2100, obtained within EURO-CORDEX initiative. 

 
A1. Assessment of summer thermal comfort using the net effective temperature index over Romania, 
AIP Conference Proceedings, 2071, 040004; https://doi.org/10.1063/1.5090071. Velea, L., Tinca- 
Udristioiu, M., Sararu, S.C., Bojariu, R., Gothard, M. and Dascalu, S.I. (2019). The paper investigates 
the added-value brought by Net Effective Temperature (NET) index and its comparison with the 
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already in-use Temperature-Humidity Index (THI) in characterizing the thermal comfort conditions in 
Romania during the warm season (May-September). In this context, two approaches are applied: (a) 
one based on the NET threshold values at daily scale obtained from the 30-years local climatology 
and (b) by using a comfort scale on monthly mean NET values. The second approach is further used 
to examine the changes in the comfort classes under climate change scenarios. 

 

A1. A high-resolution spatial assessment of the impacts of drought variability on vegetation activity in 
Spain from 1981 to 2015. Natural Hazards and Earth System Science. 19: 1189-1213. DOI: 
10.5194/nhess-19-1189-2019. Vicente-Serrano, S.M., Azorin-Molina, C., Peña-Gallardo, M., Tomas- 
Burguera, M., Domínguez-Castro, F., Martín-Hernández, N., Beguería, S., El Kenawy, A., Noguera, I., 
García, M.(2019). Drought is a major driver of vegetation activity in Spain, with significant impacts on 
crop yield, forest growth, and the occurrence of forest fires. Nonetheless, the sensitivity of 
vegetation to drought conditions differs largely amongst vegetation types and climates. We used a 
high-resolution (1.1 km) spatial dataset of the normalized difference vegetation index (NDVI) for the 
whole of Spain spanning the period from 1981 to 2015, combined with a dataset of the standardized 
precipitation evapotranspiration index (SPEI) to assess the sensitivity of vegetation types to drought 
across Spain. Specifically, this study explores the drought timescales at which vegetation activity 
shows its highest response to drought severity at different moments of the year. 

 
A1. Global characterization of hydrological and meteorological droughts under future climate change: 
The importance of time-scales, vegetation-CO2 feedbacks and changes to distribution functions. Int. J. 
Climatol. 40: 2547-2557. https://doi.org/10.1002/joc.6350. Vicente-Serrano, S. M., Domínguez- 
Castro, F., McVicar, T., Tomas-Burguera, M., Peña-Gallardo, M., Noguera, I., López-Moreno, J. I., Peña, 
D.,El Kenawy, A. (2020). There is a strong scientific debate on how drought will evolve under future 
climate change. This study provides evidence that characterization of drought from different 
statistical perspectives can lead to unreliable detection of climatological/hydrological droughts in 
model projections and accordingly give a “false alarm” of the impacts of future climate change. In 
particular, this study analyses future projections based on different drought metrics and stresses that 
detecting trends in drought behavior in future projections must consider the extreme character of 
drought events by comparing the percentage change in drought magnitude relative to a reference 
climatological period and rely on the frequency of events in the tail of the distribution. 

 

A1. Linking tree-ring growth and satellite-derived gross primary growth in multiple forest biomes. 
Temporal-scale matters. Ecological Indicators 108,105753. DOI: 10.1016/j.ecolind.2019.105753. 
Vicente-Serrano, S. M., Martín-Hernández, N., Camarero, J. J., Gazol, A., Sánchez-Salguero, R., Peña- 
Gallardo, M., El Kenawy, A., Domínguez-Castro, F., Tomas-Burguera, M., Gutiérrez, E., de Luis, M., 
Sangüesa-Barreda, G., Novak, K., Rozas, V., Tíscar, P. A., Linares, J. C., Martínez del Castillo, E., Ribas, 
M., García-González, I., Silla, F., Camisón, A., Génova, M., Olano, J. M., Longares, L. A., Hevia, A., 
Galván, J. D. (2020). This study links tree-ring growth and gross primary production for a variety of 
forest types under different environmental conditions across Spain. NOAA-AVHRR satellite imagery 
data were combined with dendrochronological records and climate data at a fine spatial resolution 
(1.21 km2) to analyze the interannual variability of tree-ring growth and vegetation activity for 
different forest biomes from 1981 to 2015. Specifically, we assessed the links between tree-ring 
width indices (TRWi), the Normalized Difference Vegetation Index (NDVI) and a variety of 
environmental conditions, represented by climatic variables (air temperature, precipitation, 
evapotranspiration and water balance) and elevation. The impact of these variables on tree growth 
was assessed by means of the Predictive Discriminant Analysis (PDA). 

 
A1. Vegetation greening in Spain detected from long term data (1981-2015). International Journal of 
Remote Sensing. 41: 1709-1740. DOI: 10.1080/01431161.2019.1674460. Vicente-Serrano, S. M., 
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Martín-Hernández, N., Reig, F., Azorin-Molina, C., Zabalza, J., Beguería, S., Domínguez-Castro, F., El 
Kenawy, A., Peña-Gallardo, M., Noguera, I., García, M. (2020). This study describes a newly 
developed high-resolution (1.1 km) Normalized Difference Vegetation Index dataset for the 
peninsular Spain and the Balearic Islands (Sp_1km_NDVI). This dataset is developed based on 
National Oceanic and Atmospheric Administration–Advanced Very High Resolution Radiometer 
(NOAA–AVHRR) afternoon images, spanning the past three decades (1981–2015). After a careful pre- 
processing procedure, including calibration with post-launch calibration coefficients, geometric and 
topographic corrections, cloud removal, temporal filtering, and bi-weekly composites by maximum 
NDVI-value, we assessed changes in vegetation greening over the study domain using Mann-Kendall 
and Theil-Sen statistics. 

 

A1. Unravelling the influence of atmospheric evaporative demand on drought under climate change. 
WIREs Climate Change 11: e632. https://doi.org/10.1002/wcc.632. Vicente-Serrano, S. M., McVicar, 
T., Miralles, D., Yang, Y., Tomas-Burguera, M. (2020). This review examines the role of the 
atmospheric evaporative demand (AED) in drought. AED is a complex concept and here we discuss 
possible AED definitions, the subsequent metrics to measure and estimate AED, and the different 
physical drivers that control it. The complex influence of AED on meteorological, 
environmental/agricultural and hydrological droughts is discussed, stressing the important spatial 
differences related to the climatological conditions. Likewise, AED influence on drought has 
implications regarding how different drought metrics consider AED in their attempts to quantify 
drought severity 

 
A1. Global assessment of the standardized evapotranspiration deficit index (SEDI) for drought 
analysis and monitoring. Journal of Climate, 31(14), 5371–5393. DOI: 10.1175/JCLI-D-17-0775.1. 
Vicente-Serrano, S. M., Miralles, D. G., Domínguez-Castro, F., Azorin-Molina, C., El Kenawy, A., 
Mcvicar, T. R., Peña-Gallardo, M. (2018). This article developed and implemented a new 
methodology for calculating the standardized evapotranspiration deficit index (SEDI) globally based 
on the log-logistic distribution to fit the evaporation deficit (ED), the difference between actual 
evapotranspiration (ETa) and atmospheric evaporative demand (AED). 

 
A1. Recent changes of relative humidity: regional connections with land and ocean processes. Earth 
System Dynamics, 9, 915–937. DOI: 10.5194/esd-9-915-2018. We analyzed changes in surface 
relative humidity (RH) at the global scale from 1979 to 2014 using both observations and the ERA- 
Interim dataset. We compared the variability and trends in RH with those of land evapotranspiration 
and ocean evaporation in moisture source areas across a range of selected regions worldwide. The 
sources of moisture for each particular region were identified by integrating different observational 
data and model outputs into a Lagrangian approach. The aim was to account for the possible role of 
changes in air temperature over land, in comparison to sea surface temperature (SST), but also the 
role of land evapotranspiration and the ocean evaporation on RH variability. 

 
A1. Climate, irrigation and land-cover change explain streamflow trends in Western Europe. 
Geophysical Research Letters, 46, 10,821-10,833 DOI: 10.1029/2019GL084084. Vicente-Serrano, S. 
M., Peña-Gallardo, M., Hannaford, J. , Murphy, C., Lorenzo-Lacruz, J., Dominguez-Castro, F., López- 
Moreno, J., Begueria, S., Noguera, I., Harrigan, S., Vidal, J. P. (2019). Reduced water resources 
availability is one of the most serious impacts of climate change since reductions in streamflow may 
cause noticeable ecological and socioeconomic impacts. However, attribution of streamflow trends 
to climate change is complex given the influence of other drivers of catchment change, including 
human and vegetation water uses, agriculture, and land use change. We show that for northwestern 
Europe most observed trends in annual streamflow are associated with climate change. 
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A1. A review on environmental droughts: Increased risk under global warming? Earth Science 
Reviews. 201, 102953. DOI: 10.1016/j.earscirev.2019.102953. A review on environmental droughts: 
Increased risk under global warming? Earth Science Reviews. 201, 102953. DOI: 
10.1016/j.earscirev.2019.102953. Vicente-Serrano, S. M., Quiring, S., Peña-Gallardo, M., Shanshui 
Yuan, Domínguez-Castro, F. (2020). This article reviews current drought effects on environmental 
systems. It stresses the need for considering environmental drought as a relevant type to be included 
in drought classifications. Here we illustrate that drought has complex environmental effects and 
affects many different systems (e.g., soils, air, vegetation, and forests, aquatic systems and wildlife). 
Droughts can affect the quality, structure, and diversity of these systems. 

 
A1. A High Resolution Dataset of Drought Indices for Spain. Data, 2(3), 22. DOI: 
10.3390/data2030022. Vicente-Serrano, S. M., Tomas-Burguera, M., Beguería, S., Reig, F., Latorre, B., 
Peña-Gallardo, M., González-Hidalgo, J. C. (2017). Drought indices are essential metrics for 
quantifying drought severity and identifying possible changes in the frequency and duration of 
drought hazards. In this study, we developed a new high spatial resolution dataset of drought indices 
covering all of Spain. The dataset includes seven drought indices, spans the period 1961–2014, and 
has a spatial resolution of 1.1 km and a weekly temporal resolution. A web portal has been created 
to enable download and visualization of the data. The data can be downloaded as single gridded 
points for each drought index, but the entire drought index dataset can also be downloaded in 
netCDF4 format. The dataset will be updated for complete years as the raw meteorological data 
become available. 

 

A1. The influence of climate and land-cover scenarios on dam management strategies in a high water 
pressure catchment in North-east Spain. Water. 10, 1668 DOI: 10.3390/w10111668. Zabalza- 
Martínez, J., Vicente-Serrano, S. M., Ignacio López-Moreno, J. I., Borràs, G., Savé, R., Pascual, D., Plá, 
E., Morán-Tejeda, E., Domínguez-Castro,F., Tague, C. L (2018). This paper evaluates the response of 
streamflow in a Mediterranean medium-scaled basin under land-use and climate change scenarios 
and its plausible implication on the management of Boadella–Darnius reservoir (NE Spain). Land 
cover and climate change scenarios supposed over the next several decades were used to simulate 
reservoir inflow using the Regional Hydro-Ecologic Simulation System (RHESsys) and to analyze the 
future impacts on water management (2021–2050). Results reveal a clear decrease in dam inflow 
(−34%) since the dam was operational from 1971 to 2013. The simulations obtained with RHESsys 
show a similar decrease (−31%) from 2021 to 2050. Considering the ecological minimum flow 
outlined by water authorities and the projected decrease in reservoir’s inflows, different water 
management strategies are needed to mitigate the effects of the expected climate change. 

 
A1. The 1921 European drought: Impacts, reconstruction and drivers, Clim. Past Discuss. doi: 
doi.org/10.5194/cp-2021-41. van der Schrier, G.,RP Allan, Ossó, A., Sousa, P. M., Van de Vyver, H., 
Van Schaeybroeck, B., Coscarelli, R., Pasqua, A. A., Petrucci, O., Curley, M., Mietus, M., Filipiak, J., 
Štěpánek, P., Zahradníĉek, P., Brázdil, R., Řezníĉková, L., van den Besselaar, E. J. M., Trigo, R., and 
Aguilar, E. (2021). The European drought of 1921 is assessed in terms of its impacts on society and in 
terms of its physical characteristics. The development of impacts of the drought are categorized by a 
systematic survey of newspaper reports from five European newspapers covering the area from 
England to the Czech Republic and other parts of Europe. This is coupled to a reconstruction of daily 
temperature and precipitation based on (rescued) meteorological measurements to quantify the 
drought severity and extent, and reanalysis data is used to identify its drivers. This analysis shows 
that the first impacts of the drought started to appear in early spring and lingered on until well into 
autumn and winter, affecting water supply and agriculture and livestock farming. IN REVIEW 
A1. Emerging new climate extremes over Europe, Climate Dynamics,. Ossó, A., Allan, R.P., Hawkins, 
E., Shaffrey, L., & Maraun, D. (2021). PROVISIONALLY ACCEPTED 
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A1. Role of teleconnection patterns in the variability and trends of growing season indices across 
Europe, International Journal of Climate. Craig, P. & Allan, R.P. (2021). PROVISIONALLY ACCEPTED. 

 
A2. Tendenze climatiche e flussi turistici: prime analisi tratte dal Progetto europeo “INDECIS”. 
Quaderni della Società Italiana di Scienze del Turismo, Aracne Editrice, Roma, Vol. II. ISBN: 978-88- 
255-3918-9. Coscarelli, R., Antronico, L., De Pascale, F., Boqué Ciurana, A., Font Barnet, A., Russo, P. 
A., Saladié Borraz Ò. (2021). In this book contribution, the Authors focus on the perceptions of the 
stakeholders whose activities fall within the Sila National Park regarding the possible relationships 
between climate services and the tourism sector. The qualitative data were obtained through three 
focus groups held during a workshop organized by CNR/IRPI and C3/URV. These data will support the 
quantitative ones that will characterize the tourism indices, elaborated within the INDECIS Project. 

 
A2. Valutazioni di condizioni di siccità in Calabria. In Technologies for Integrated River Basin 
Management (40th ed., pp. 777–790). Cosenza: Edibios. ISBN: 978-88-97181-71-2. Coscarelli, R., 
Caloiero, T. & Caroletti, G. N. (2019). In recent decades, satellite observations and climate reanalysis 
have been increasingly used to have regular data grids to complement ground observations and, 
therefore, also solve the problem of missing data. In this memo, the data of the Climate Hazards 
group InfraRed Precipitation with Station data (CHIRPS) series, with a spatial resolution of about 5 km, 
and those of the reanalysis of the European Climate Assessment Dataset's E-OBS, with a spatial 
resolution of 25 km , have been compared for Calabria with the data recorded on the ground by the 
network of the Multi-Risk Regional Functional Center (ARPACAL) for the period 1981-2010. The 
results obtained from the comparison tests showed a better performance of the CHIRPS database, 
also due to the high spatial resolution. 
A3. Inventory and Catalog of Climate Datasets 
(http://www.indecis.eu/docs/Deliverables/Deliverable_2.1.pdf). G. Van der Schrier KNMI) , J. Ramon 
(BSC) , Ll. Lledó (BSC) , R. Coscarelli (CNPR-IRPI) , T. Caloiero (CNPR-IRPI) , L. Velea (MeteoRo) and J.R 
Coll (C3-URV). The search for daily temperature and precipitation observational data and the efforts 
to discover and include more such data lead to the analysis of two global station-based dataset, 
availability of a new regional dataset in Italy. Non-standard variables intended for specific usage in 
specific sectors, as the tall wind mast data from 292 sites around the globe, were also investigated. 
Progress in the identification and inclusion of panEuropean global radiation data is quantified. 

 
A3. Report on Data Rescue Missions (http://www.indecis.eu/docs/Deliverables/Deliverable_2.2.pdf). 
J.R. Coll (C3-URV) , J. Ramon (BSC) , Ll. Lledó (BSC) , G. van der Schrier (KNMI) , E. Aguilar (C3-URV) , 
M. Curley (Mét Eireann) and A. Bishop (C3-URV) Thi. document thoroughly describes all data rescue 
missions executed under the INDECIS project; from the identification of data gaps in the European 
Climate Assessment & Dataset (ECA&D) and the inspection of undigitized data sources to the 
digitizing process together with data and metadata collection for the main climate variables. 

 
A3. INDECIS Quality Control Software and Manual: MetQC software. J. Ramon, L. L. Lledó. 
http://www.indecis.eu/docs/Deliverables/Deliverable_3.1.b.pdf . Comparisons of various 
approaches to quality control methods were made, tested on a benchmark dataset into which 
realistic errors were introduced; based on the testing, the final software was prepared. The quality 
check module is developed as open-source software in R (https://www.r-project.org/), available to 
the science community. 

 

A3. Report on Recommended Homogenization Techniques based on Benchmarking Results. Enirc 
Aguilar, Joan Ramon Coll, Javier Sigró, Erik Engström, Mary Curley. 
Background: 

http://www.indecis.eu/docs/Deliverables/Deliverable_2.1.pdf)
http://www.indecis.eu/docs/Deliverables/Deliverable_2.1.pdf)
http://www.indecis.eu/docs/Deliverables/Deliverable_2.2.pdf)
http://www.indecis.eu/docs/Deliverables/Deliverable_3.1.b.pdf
http://www.r-project.org/)
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(http://www.indecis.eu/docs/Deliverables/Deliverable_3.2.b.pdf ) Deliverable presents the software 
INDECIS QC, beta version (inqc_beta.R). 
Benchmarking results: 
(http://www.indecis.eu/docs/Deliverables/Deliverable_3.2.b.pdf) This report summarizes the 
procedures followed to generate homogeneous databases, their perturbation with realistic 
inhomogeneities and other quality problems and missing data to be used as benchmarks for the 
evaluation of available homogenization and quality control packages applied to the nine essential 
climatic variables used in the INDECIS project. 
Parallel Series 
(http://www.indecis.eu/docs/Deliverables/Delierable_3.2c.pdf ) From these pairs of "parallel" 
stations, composite series have been built combining both stations. In this way we obtain a 
composite series from a station 1, which on a given date we replace by station 2, within the common 
measurement period. 

 

A3. Report on the uncertainty of the homogenization process. 
http://www.indecis.eu/docs/Deliverables/Deliverable3.5.pdf. O.Skrynyk, E. Aguilar, G.N. Caroletti, R. 
Coscarelli, J.Guijarro, L.Y.A. Randriamarolaza, S.M. Vicente-Serrano. performing a homogenization, 
one aims to remove the detected inhomogeneities (abrupt shifts/jumps, gradual trends, outliers etc.) 
and approximate the data to the real climate signal, that took place in some area 

 
A3. Report on the Inventory and Catalogue of Indices Datasets. 
http://www.indecis.eu/docs/Deliverables/Deliverable_4.1.pdf .CSIC-IPE, BSC and CNR-IRPI 
researchers. A comprehensive catalogue of a broad range of standard climate indices. These indices 
were selected, based on their direct and significant impacts on the INDECIS target sectors, after a 
thorough review of the literature in the field of extreme weather events and natural hazards. In the 
literature, these indices have been specified by the Expert Team of the World Meteorological 
Organization and Climate Variability and Predictability (ETCCDMI), and substantially applied in many 
hydrometeorological studies. 

 
A3. Report on Indices of INDECIS-ISD, including defnitions, and accompanyig sectorial data. 
http://www.indecis.eu/docs/Deliverables/Deliverable_4.2.pdf . CSIC-IPE, BSC, BRGM and CNR-IRPI 
researchers. The overriding aim is to assess the response of these relevant sectors to different 
climate indices. Recalling the diversity of the sectorial data, combined with a comprehensive 
catalogue of climate extremes, this huge amount of information can be translated into “effective” 
climate services that can provide local and national European decision makers and stakeholders with 
information and tools required for better adaptation and planning to climate change, especially for 
agriculture, crop yield, power generation and health sectors. 
A3. INDECIS-ISD released and integrated into the IDISP. 
http://indecis.eu/docs/Deliverables/INDECIS_D4.4_.pdf .F. Domínguez Castro, D. Peña Angulo,J. 
Revuelto, F. Reig, S.M. Vicente-Serrano, E. Aguilar, I. Noguera, G. van der Schrier, A.M. El Kenawy. 
This document describes the latest analysis of the climate indices calculated in the frame of INDECIS 
European project. In total, 125 standard climate indices spanning in two distinct time periods, 1950- 
2017 and 1979-2017 and distributed for the whole Europe with a 0.25º grid cell size have been 
calculated. This database allows a deeper understanding of recent climate evolution, with important 
implications for different sectors and socioeconomic activities, mainly focusing on water resources, 
health, energy, tourism and agriculture. Here it is firstly described a multidecadal assessment on 
these climatic indices computed at different temporal scales and secondly it is detailed a new dataset 
of four statistical parameters (climatology, coefficient of variation, slope and significant trend) of the 
125 indices. 

http://www.indecis.eu/docs/Deliverables/Deliverable_3.2.b.pdf
http://www.indecis.eu/docs/Deliverables/Deliverable_3.2.b.pdf
http://www.indecis.eu/docs/Deliverables/Deliverable_3.2.b.pdf)
http://www.indecis.eu/docs/Deliverables/Deliverable_3.2.b.pdf)
http://www.indecis.eu/docs/Deliverables/Delierable_3.2c.pdf
http://www.indecis.eu/docs/Deliverables/Delierable_3.2c.pdf
http://www.indecis.eu/docs/Deliverables/Deliverable3.5.pdf
http://www.indecis.eu/docs/Deliverables/Deliverable_4.1.pdf
http://www.indecis.eu/docs/Deliverables/Deliverable_4.2.pdf
http://indecis.eu/docs/Deliverables/INDECIS_D4.4_.pdf
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A3. Report on comparision of the ISD with sectorial data. 
http://indecis.eu/docs/Deliverables/Deliverable4.5.pdf. Researchers of CSIC/IPE, CNR-IRPI, BRGM, 
FMI This document analyses the relationship between climate indices and sectorial data in different 
countries of Europe. In general, we have showed a very good correspondence between the variability 
of climate indices and key impact data with implications for different sectors: crop yields, 
groundwater, streamflow, landslides, mortality. This reinforces the use of the developed climate 
indices for the multisectorial monitoring and the assessment of impacts. 

 
A3. Inventory and Catalog of Indicators of Circulation Variability for Comparison with INDECIS-ISD. 
http://www.indecis.eu/docs/Deliverables/Deliverable_5.1.pdf. A. Ossó, R. Allan, L. Shaffrey. This 
document provides a comprehensive list of indicators of circulation variability, which have the 
potential to influence the evolution of WP4 indices. All the indicators selected have been reported to 
influence European variability. The indicators have been classified as a function of their relevance for 
European climate and by the season at which their influence is expected. 

 
A3. Report on temporal evolution of the INDECIS-ISD, including the time-emergence of climate- 
change signals. http://www.indecis.eu/docs/Deliverables/Deliverable_5.2.pdf . A. Ossó, R. Allan, L. 
Shaffrey, A. Casanueva, J. Bedia, S. Herrera, M.D. Frías, J. Hernández, A. S. Cofiño, J.M. Gutiérrez, M. 
del Jesús, A. Espejo, C. Izaguirre, P. Bueno, H. Van de Vyver, B. Van Schaeybroeck, P. M. Sousa, R. M. 
Trigo, R. Coscarelli, T. Caloeiro, G. Nils-Caroletti. Climate impact indices, such as INDECIS-ISD, are 
practical tools to assess local and regional sector-specific climate impacts such as floods, droughts, 
heatwaves or wildfires, among others. Their temporal and spatial variability is, therefore impact- 
relevant and can be related to climate forcings such as GHG emissions and internal variability. The 
goal of the document is to analyse their climatology, temporal evolution, and assess their Time of 
Emergence (ToE). 

 
 

A3. Report on the relation between INDECIS-QCHDS and INDECIS-ISD and atmospheric patterns. 
http://www.indecis.eu/docs/Deliverables/WP5_deliverable5.3.pdf . R.P. Allan, A. Ossó, P. Craig, L. 
Shffrey, E. Hawkings , P.M. Sousa, R.M. Trigo, A. Casanueva, J. Bedia, S. Herrera, M.D. Frías, J. 
Fernández, A.S. Cofiño, J.M. Gutiérrez, L. Lledó, J.Ramón, R. Coscarelli, T. Caloeiro, G. Nils-Caroletti, 
M. del Jesús, S. Navas, D. Urrea. In this report are explored the relationships between the indices 
(INDECIS-ISD) and patterns of atmospheric circulation. 

 

A3. Release of the datasets comparison software suite, including the description of statistical 
measures used for the datasets intercomparison. 
http://www.indecis.eu/docs/Deliverables/Deliverable_6.1.pdf. MeteoRo Researchers. The document 
concerns an inventory and catalogue of selected hindcast climate simulations (e.g. FP6-CECILIA, 
CMIP5, ENSEMBLE or EURO-CORDEX), reanalysis products (e.g.ERAI, MERRA, JRA55, ERA-20C, 20CR; 
REAN6, MÉRA and MESCAN at regional level) as well as gridded observational datasets. Next, within 
a set of statistical measures, including the widely used Taylor diagram, for the inter-comparison of 
selected datasets, was defined. Finally, a software suite was designed and built for this purpose, 
focusing on the comparison of newly developed, sectorial INDECIS-ISD indices. 

 

A3. Report on the datasets inter-comparisons with regard to selected ECVs and INDECIS-ISD. 
http://www.indecis.eu/docs/Deliverables/62summary.pdf . The main objective of the inter- 
comparison exercise is to document the limits and strengths in using reanalysis and modelled climate 
data as alternative data sources for climate indices computation in the absence of observations. This 
report has 5 annexes. 

http://indecis.eu/docs/Deliverables/Deliverable4.5.pdf
http://www.indecis.eu/docs/Deliverables/Deliverable_5.1.pdf
http://www.indecis.eu/docs/Deliverables/Deliverable_5.2.pdf
http://www.indecis.eu/docs/Deliverables/WP5_deliverable5.3.pdf
http://www.indecis.eu/docs/Deliverables/Deliverable_6.1.pdf
http://www.indecis.eu/docs/Deliverables/62summary.pdf
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ANNEX A: European Reanalysis ERA5, UERRA MESCAN-SURFEX, COSMO_REA6 compared to station- 
based data. http://www.indecis.eu/docs/Deliverables/INDECIS_D62_AnnexA.pdf . S.I. Dascalu, M. 
Gothard,A. Dumitrescu. This Annex A present the results of validation of the European reanalysis 
datasets ERA5, UERRA MESCANSURFEX, COSMO_REA6 against the observation-based data available 
from the Horizon 2020 EUSTACE Project, with respect to daily minimum, maximum and average air 
temperature, for the period 1995-2017. Furthermore, we investigate the changes in the regime of 4 
extreme temperature indices relevant for agro-meteorological studies, from the list of indices 
adopted in INDECIS project. 
ANNEX B: Met Éireann Regional Reanalysis (MÉRA) compared to station data and other reanalysis 
datasets. http://www.indecis.eu/docs/Deliverables/INDECIS_D62_AnnexB.pdf. E. Gleeson, E.Whelan. 
Annex B pressents an evaluation of a range of maximum and minimum temperature and 
precipitation climate indices using MÉRA and gridded observation data. 
ANNEX C: ERA5 and MERRA2 compared to in-situ wind data. 
http://www.indecis.eu/docs/Deliverables/INDECIS_D6.2_AnnexC.pdf .J.Ramon, L. Lledó. This 
document is an intercomparison of two global widely used reanalysis datasets with reference data 
has been performed in terms of wind speeds, Capacity Factor (CF) and Wind Power Density (WPD). 
Both CF and WPD are energy indices extensively used within the wind energy field to anticipate the 
power production or evaluate the performance of a running wind farm, among others. 
ANNEX D: Report on the datasets inter-comparisons with regard to selected ECVs and INDECIS-ISD. 
http://www.indecis.eu/docs/Deliverables/INDECIS_D62_AnnexD.pdf . A. Casanueva, J. Bedia, S. 
Herrera, J.M. Gutiérrez. This contribution evaluates daily precipitation and minimum and maximum 
temperature of eight ERA-Interim-driven (control) simulations of EURO-CORDEX over the Iberian 
Peninsula (IP), with a special focus on observational uncertainty. 
ANNEX E. Intercomparison of selected ECVs and indecis for the area of the Czech Republic. 
http://www.indecis.eu/docs/Deliverables/INDECIS_D62_AnnexE.pdf . P. Stepanek, J. Meitner, P. 
Zahradnicek, P. Skalák, A. Farda. This contribution concentrates the validation of RCM’s in the area 
of the Czech Republic. We analyzed 11 experiments coming from pair combination of 5 GCM and 5 
RCM available within the Euro-CORDEX project 

 
A3. Report on the reliability and uncertainties associated with the (hindcast-type) seasonal forecasts 
of selected sectorial INDECIS indices. http://www.indecis.eu/docs/Deliverables/D6_3_summary.pdf . 
L. Velea. This report focus on the applicability of INDECIS-ISD in terms of seasonal forecasting. To this 
end, the skills of seasonal forecast systems and the applicability of seasonal forecast outputs for 3 
sectors (agriculture, energy and tourism) have been evaluated through a series of selected indices 
from INDECIS-ISD. Report has four annexes. 
ANNEX A: Seasonal predictions of wind-power-derived indices: A case study in the North Sea. 
http://www.indecis.eu/docs/Deliverables/D6.3_AnnexA.pdf. J.Ramon, L.Lledó. This report aims to 
study the applicability of the wind-energy indices in INDECIS-ISD for producing seasonal forecasts 
tailored to the wind energy sector. Anticipating higher- or below-than-normal wind power indices 
accurately allows quantifying the wind power production over the predicted season. Therefore, wind 
farm managers can plan their activities accordingly, such as the maintenance activities of the 
turbines. 
ANNEX B: Seasonal forecast for the wine sector – Douro Valley case study. 
http://www.indecis.eu/docs/Deliverables/D6.3_AnnexB.pdf 
N. González-Reviriego, R. Marcos-Matamoros. This study analyses three historical years based on 
ASO precipitation highlighted by winemaker end-users from the Douro region (MEDGOLD, 2020). 
Two are good years, 2007 and 2011, and one is a bad one, 2002, attending to a classification based 
on the quantity and quality of the wine obtained those years. 
ANNEX C: Applications of seasonal forecasting for agriculture, winter tourism and hydropower. 
http://www.indecis.eu/docs/Deliverables/D6.3_AnnexC.pdf . A. Vajda, O. Hyvärinen, T. Ervasti, A. 

http://www.indecis.eu/docs/Deliverables/INDECIS_D62_AnnexA.pdf
http://www.indecis.eu/docs/Deliverables/INDECIS_D62_AnnexB.pdf
http://www.indecis.eu/docs/Deliverables/INDECIS_D6.2_AnnexC.pdf
http://www.indecis.eu/docs/Deliverables/INDECIS_D62_AnnexD.pdf
http://www.indecis.eu/docs/Deliverables/INDECIS_D62_AnnexE.pdf
http://www.indecis.eu/docs/Deliverables/D6_3_summary.pdf
http://www.indecis.eu/docs/Deliverables/D6.3_AnnexA.pdf
http://www.indecis.eu/docs/Deliverables/D6.3_AnnexB.pdf
http://www.indecis.eu/docs/Deliverables/D6.3_AnnexC.pdf
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Karpechko, J. Ikonen. The aime of this study is to assess the applicability of seasonal forecast outputs 
for the abovementioned sectoral application in Finland and to develop and pilot a set of seasonal 
climate indices both with farmers and ski resort managers. The indices developed for agriculture 
were tested with farmers during two pilot seasons: May-October 2019 and April-October 2020 (still 
on-going), ski resorts managers tested the seasonal climate indices developed during November 
2019-April 2020. 
ANNEX D: Seasonal predictability of Fire Weather Index (INDECIS-ISD 128) components over Europe. 
http://www.indecis.eu/docs/Deliverables/D6.3_AnnexD.pdf . R. Manzanas, J. Bedia, A. Casanueva, M. 
del Jesús, S. Herrera. This study analyses whether dangerous episodes can be predicted months in 
advance using the seasonal predictions of coupled ocean-atmosphere models, focusing the analysis 
in the EuroMediterranean (EUMED) region, where the serious wildfires of the last years are of 
serious concern. We built upon previous studies showing the adequacy of the Fire Weather Index 
System (FWI, INDECIS-ISD 128) in order to characterize actual fire danger conditions and the 
potential seasonal predictability of FWI in certain areas of EUMED, further advancing this knowledge 
by analyzing the differing seasonal predictability of the various intermediate FWI components 

 
A3. Report on the assessment of sectorial climatechange impact based on INDECIS-ISD in the context 
of climate change scenarios. http://www.indecis.eu/docs/Deliverables/64_Overview.pdf. L. Velea. In 
order to investigate the added values of the INDECIS-ISD, a series of pilot sectorial applications have 
been developed. The first type of applications focused on the applicability of INDECIS-ISD in terms of 
seasonal forecasting; the skills of seasonal forecast systems and the applicability of seasonal forecast 
outputs for 3 sectors (agriculture, energy and tourism) have been evaluated through a series of 
selected indices from INDECIS-ISD and the results have been reported within deliverable D6.3. The 
second type of application of the INDECIS-ISD, presented in this report, focuses on the assessment of 
sectorial climate change impact based on INDECIS derived indices in the context of the latest climate 
change scenarios (EUROCORDEX), in the near-future (2021-2050) and on long term (2070-2100). This 
report has two annexes. 
ANNEX A: Climate change projections for INDECIS-ISD indices representative of extremes for 
precipitation and temperature. http://www.indecis.eu/docs/Deliverables/D64_AnnexA.pdf . J. Bedia, 
A. Casanueva, J.A:Fernéandez Granja, S. Herrera, M. del Jesús, J. Díez Sierra. This document presents 
future climate change projections for three INDECIS-ISD indices representative of extremes for 
precipitation (Rx1day), maximum (XTX) and minimum (NTN) temperatures, using an ensemble of 
state-of-the-art RCM simulations from EURO-CORDEX. To this aim, we compute delta change maps 
using the reference CMIP5 historical period (1986-2005) and two future time slices (mid term, 2021- 
2050) and long-term (2071-2100), analysing the projections for RCPs 4.5 and 8.5. 
ANNEX B: Temperature-based climate indicators relevant for agriculture sector in the context of 
climate changes in Romania. http://www.indecis.eu/docs/Deliverables/6.4_AnnexB.pdf. L. Velea, R.D. 
Burcea. This study presents an analysis of the physical impacts of climate changes on agriculture with 
the use of five thermal indices relevant for this sector, targeting the Romanian territory. We consider 
two climate change scenarios (RCP45 and RCP85) for near-future (2021-2050) and the period toward 
the end of the century (2071-2100). 

 

A3. Communication stretegy fo delivering effective Climate Services. 
http://www.indecis.eu/docs/Deliverables/Deliverable_7.1.pdf . J. Prades-Tena, J. Farré-Coma, J.L. 
Gonzalo-Iglesia, J.R. Coll, E. Aguilar. This document aims to design a communication strategy for 
delivering effective Climate Services and provide a list of useful recommendations to allow Climate 
Services providers target intermediary users, end users and stakeholders. From the early steps of the 
project it is critical to understand the users’ needs and the stakeholders’ requirements. Decision 
making should be connected to science knowledge so relationships between scientists and official 
bodies, and between economic sectors and affected communities, are crucial to know what each 

http://www.indecis.eu/docs/Deliverables/D6.3_AnnexD.pdf
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group are waiting for under climate change conditions. Contextualization and guidance are 
requirements to turn data into useful and useable information to deliver effective Climate Services 
(Bessembinder et al, 2013). 

 

A3. Document Business Cases Study for the Delivery of Climate Services in the Tourism Sector. 
http://www.indecis.eu/docs/Deliverables/Deliverable_7.2.pdf . E. Aguilar, S. Anton-Clavé, A. Boqué, 
A. Font, A. Russo, O. Saladié. The aim of this report is to introduce the relationships between tourism, 
climate and societal wellbeing, as well as the factors and processes that are found to frame the 
creation and communication of climate services for tourism. In order to test these conceptual 
arguments and move to an operational level, we then present our method of research, its 
implementation and the main results achieved. Finally, we generalize these findings, illustrating the 
contribution that this exploratory work could provide to the broader WP7 and the whole INDECIS 
project. 

 
B1. Daily rescued meteorological observations across Europe (1917-1990). 
https://doi.org/10.1594/PANGAEA.896957 J.R. Coll, G. van der Schrier, E. Aguilar, D. Rasol, R. 
Coscarelli, A. Bishop. In the INDECIS project, around 610K meteorological station-based observations 
were rescued over the Balkans and Central Europe for the main climate variables along the 20th 
century at daily scale. This dataset is considered as raw data since any consistent quality control and 
homogenisation testing were applied to identify potential errors and data bases. 

 

B1. The Tall Tower Dataset. 
http://doi.org/10.23728/b2share.159158152f4d4be79559e2f3f6b1a410. 
J. Ramon, L. Lledó. A dataset containing quality controlled wind observations from 183 different tall 
towers has been created. High resolution wind speed and wind direction measurements have been 
collected from existing tall towers around the world within the context of the INDECIS project in an 
effort to boost the utilization of these non-standard atmospheric datasets. Wind observations taken 
at several heights greater than 10 meters above ground level have been retrieved from various 
sparse datasets and compiled in a unique collection with a common format, access, documentation 
and quality control. For the latter, a total of 18 Quality Control checks have been considered to 
ensure a high quality of the wind observations. Non quality-controlled temperature, relative 
humidity and barometric pressure data have been also obtained and made available. 

 
B4. Rainfall and temperature daily data. R. Coscarelli, T. Caloeiro, E. Valente, L. Aceto, D. D'Onofrio. 
Daily rainfall and temperature data from about 70 stations, with an observation period that can 
reach 90 years, were joint with the ECA&D database (an average of about 30,000 rescue daily data – 
about 82 years - per station). Data were provided by the Centro Regionale Funzionale Multirischi 
Sicurezza del Territorio (ARPACAL) of Regione Calabria. 

 
B4. Sectorial data of the Calabria region (Southern Italy). R. Coscarelli, L Antonico, G. Gullà. A.A 
Pasqua, O. Petrucci, C. Bruno, L. Aceto, D. D'Onofrio, E. Valente, S. Guardia. Databases of sectorial 
indices regard hydrogeological events, burned areas, tourism, water springs. The data, at various 
temporal and spatial scales, are referred to the territory of Calabria and were provided by the 
Administrations/Companies that collect these data. 

 

C1. INDECIS QC software (INQC). https://github.com/INDECIS-Project/INQCre.php . E. Aguilar. INQC 
is designed to quality control European Climate Assessment and Dataset (ECA&D) daily data of 
maximum, minimum and average temperature, precipitation, sea level pressure, relative humidity, 
wind speed, snow depth, cloud coverage and sunshine duration. INQC is available from GitHub. 

http://www.indecis.eu/docs/Deliverables/Deliverable_7.2.pdf
http://doi.org/10.23728/b2share.159158152f4d4be79559e2f3f6b1a410
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C1. METQC Software. http://www.indecis.eu/software.php . P. Stepanek. Original QC functions 
converted from ProClimDB into R software (called MetQC) form the basis of the presented software 
in order to be better usable by various users and applicable stand-alone. The main script 
(MetQC_frame.R) uses three main steps of the data processing, and is divided into functions 
accordingly: getting information about data, finding neighbours for subsequent data quality control, 
and data quality control itself. 

 

C1. INDECIS software for intercomparison of reanalysis datasets (INTERDECIS). 
https://github.com/alexdum/interdecis .A. Dumitrescu. INTERDECIS is an open-source software, 
stand-alone and designed in R with capabilities to analyse the various climatic datasets performance 
using as reference E-OBS gridded dataset and ERA5 reanalysis product. The functions can be applied 
to any NetCDF files, as long as they are regularly spaced in the lat/lon grid format. Accuracy 
measures can be computed from the values extracted from the cells (grids) of the reference (E- 
OBS/ERA5) and analysed datasets, in which a given coordinates (points) fall. The development 
version of the interdecis can be installed in R environment from the GitHub repository, with sample 
data available on interdecisdata R package. 

 
C1. INDECIS Software Suite for Indices Calculation. https://gitlab.com/indecis-eu/indecis/ . S.M. 
Vicente-Serrano. Open-source software, stand-alone and designed in R with capabilities to compute 
the 136 indices defined in the INDECIS project. Each index corresponds to a single function with 
options to be calculated on different time scales: annual, monthly and seasonal. Some of the indices 
only show an annual functionality, but most of them can be calculated at the three different time 
scales. The functions can be adapted to any format of data inputs and they can be adapted to 
calculate iteratively the climate indices from large datasets. The software has been tested by using 
gridded climate data from ECA&D and ERA5. Library of the climate indices available in CRAN 
(https://cran.r-project.org/web/packages/ClimInd/index.html). 

 
C1. INDECIS Software Suite of Atmospheric Circulation Indices Calculation. 
https://github.com/SantanderMetGroup/climate4R.indices . A. Casanueva. Open-source software, 
stand-alone and designed in R with capabilities to compute standard large-scale circulation indices. 
This package is integrated in the climate4R suite of climate analysis 
(https://github.com/SantanderMetGroup/climate4R.indices/wiki). 

 

C1. QC software for tall towers wind data (QCSS4TT). https://earth.bsc.es/gitlab/jramon/INDECIS- 
QCSS4TT/. Created by BSC. A tall tower or met mast consists of a high vertical structure (often 
reaching heights up to 100 meters above ground) with several booms distributed along the vertical 
mast. Those booms are instrumented with meteorological sensors that record wind speed, wind 
direction and other parameters at multiple heights above ground level. The special nature of this 
observational sites allows to perfrom some non-standard quality control techniques. 

 
C1. fireDanger: R package for calculation of fire danger indices 
https://github.com/SantanderMetGroup/fireDanger. Santander Meteorology Group (UC-CSIC). R 
package for the calculation of fire danger indices, including INDECIS set of forest fire indices: Fire 
Weather Index, Finnish Forest Fire Danger Index, Keetch-Byram Drought Index, McArthur Forest Fire 
Danger Index, Modified Nesterov Index 

 

D1. INDECIS Project Website. http://www.indecis.eu.. URV Team. INDECIS’ website provides access 
to the project description and objectives, consortium, deliverables, products and services and host 
the access portal to data and services. 

http://www.indecis.eu/software.php
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D1. ECTACI: European Climatology and Trends Atlas of Climate Indices. https://ectaci.csic.es/ . CSIC- 
IPE. Interactive portal that includes a set of 125 sector-oriented climate indices 

 
E2. Workshop: Pilot experience to involve tourism stakeholders on climate services co‐creation. 
Presentation of the project and introduction to Climate Services for the Tourist Sector. Input of 
sectorial data. Media coverage before and during the event spread INDECIS project as well asthe 
linkages between tourism and climate to the general audience, at regional, provincial and county 
media. Alcañiz (Spain), 22-23 January 2018. 

 
E2. Workshop: Co-developing climate services for tourism. Case of study. The workshop consisted on 
a conference session on vulnerability of mountain destinations and strategies to adapt to climate 
change; and a collective work session for the design of climate indicators and services to adapt 
mountain destinations to climate change. Social agents from the Jacetania region and other 
destinations in the Pyrenees are expected to attend. Jaca (Spain), 25th April 2019. 

 

E2. Workshop: Co-developing climate services for tourism. Case of study. The aim was to involve 
tourism stakeholders on climate services co‐creation. Stakeholders were divided in different 
discussion groups in order to discuss about the specialized tourism product of the destination 
(sun&beach Tourism) taking into account regional climate conditions. Calvià (Majorca, Spain). 9th 
May 2019. 

 

E2. Workshop: Co-developing climate services for tourism. Case of study. "Main objective was to 
examine different types of outdoor tourism (mountain/lake/sky tourism) involving stakeholders of 
the Sila Park. The stakeholders will be divided into groups of 6‐7 people. Each group focused on a 
specific tourism product/aspect. Sila National Park (Calabria, Italy), 30th May 2019. 

 
E2. Workshop: Co-developing climate services for tourism. Case of study. The workshop highlighted 
the importance of Climate Services for tourism. Stakeholders discussed about climate indicators and 
strategies to adapt to climate change. Barcelona (Spain), 27th June 2019. 

 
E4. OTHERS (Contributions to National and International Conferences) 
E4. A sub-regional approach for the analysis of atmospheric teleconnection influence on precipitation 
in Calabria (southern Italy). Caroletti, G. N., Coscarelli, R., & Caloiero, T.; EGU General Assembly 2020 
online, 5-9 May 2020.https://meetingorganizer.copernicus.org/EGU2020/EGU2020-3078.html 

 
E4. Evaluating the skill of satellite data on the individuation of extreme precipitation events in 
Calabria (southern Italy); Caloiero T., Coscarelli R., Caroletti G.N.; EGU General Assembly 2020 online, 
5-9 May 2020 https://meetingorganizer.copernicus.org/EGU2020/EGU2020-3071.html 

 
E4. Assessement of thermal regime in Oltenia using temperature-based climate indicators relevant 
for agriculture sector; . Colan M., Velea L., Burada C., Constantinescu, E., Bojariu R., Udristioiu. M, 
Bacescu, A.; Annals of the University of Craiova - Agriculture, Montanology, Cadastre Series, Vol. 
XLIX/2019 Conference paper 

 
E4. Climate trends and tourist flows: first results of the case study in the Sila National Park (southern 
Italy) within the INDECIS Project; R. Coscarelli, L.Antronico, A. Boqué Ciurana, F. De Pascale, A. Font 
Barnet, A. P. Russo and Ò.Saladié Borraz; EGU General Assembly 2020 online, 5-9 May 2020 
https://meetingorganizer.copernicus.org/EGU2020/EGU2020-2978.html 
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E4. Co-developing climate services with local agents: The INDECIS Snow Tourism Index; Olano Pozo 
J.X.; Boqué Ciurana, A.; Font Barnet, A.; Russo, A.; Saladié Borraz, O.; Anton-Clavé, S.; Aguilar, E.; EGU 
General Assembly 2020 online, 5-9 May 2020 
https://meetingorganizer.copernicus.org/EGU2020/EGU2020-8926.html 

 

E4. Drought assessment in a changing climate with the joint deficit index; Hans Van de Vyver and 
Joris Van den Bergh; EGU2020, 3-8 May 

 
E4. European reanalysis datasets as alternative data sources for agro-meteorological studies. Dascalu 
S., Gothard M., Bojariu R., Dumitrescu A., Velea L., Barbu A., Burada C.; Conference "Durable 
agriculture – agriculture of the future’, Craiova (Romania), 7-8 Nov. 2019 

 

E4. Tendenze climatiche e flussi turistici: prime analisi tratte dal Progetto europeo "INDECIS". 
Coscarelli R., Antronico L., Boqué A., De Pascale F., Font A., Russo P. A. and Saladié O. (2019). 
Congress “Turismo, Paesaggio e Beni Culturali: prospettive di tutela, valorizzazione e sviluppo 
sostenibile”, 11th Scientific Meeting Sistur, 24-26 October, Rende - Cosenza (Italy). Oral presentation 

 
E4. Development of seasonal climate indices for agriculture in Finland. Vajda A. and Hyvärinen O. 
(2019). EMS 2019, 9-13 September, Copenhagen (Denmark). Oral presentation 

 
E4. Exploring bias adjustment methods of seasonal forecasts for applications in Northern Europe. 
Hyvärinen O. and Vajda A.(2019).EMS 2019, 9-13 September, Copenhagen (Denmark). Oral 
presentation 

 

E4. A multiscaling intensity–duration–frequency model for extreme precipitation. Hans Van de Vyver 
(2019). 11th International Conference on Extreme Value Analysis, 1-5 July, Zagreb (Croatia). Oral 
presentation. 

 
E4. Valutazioni di condizioni di siccità in Calabria; Coscarelli, R., Caloiero, T. & Caroletti, G. N.; . 40° 
Corso in Tecniche per la Difesa del Suolo e dall?inquinamento, 19-22 June 2019, Guardia Piemontese 
- Cosenza (Italy) 

 

E4. Communication Strategy for Delivering Effective Climate Services: The INDECIS project. Prades- 
Tena, Jordi (2019). European Climate Change Adaptation Conference. 28-31 May, Lisbon (Portugal). 
Oral presentation. 

 
E4. Testing daily homogenisation methods in parallel series data base. Erik Engström, Javier Sigró and 
Mary Curley (2019). EGU 2019, 7-12 April, Vienna (Austria) Oral presentation 

 
E4. Benchmarking results of the homogenization of daily Essential Climatic Variables within the 
INDECIS project. José A. Guijarro, Enric Aguilar, Peter Domonkos, Javier Sigró, Petr Štěpánek, Victor 
Venema, and Pavel Zahradníček (2019). EGU 2019, 7-12 April, Vienna (Austria) Oral presentation 

 

E4. The data and climate indicators suite within the INDECIS project. Rebeca Álvarez, Marcelino 
Nuñez, and Yolanda Luna (2019). EGU 2019, 7-12 April, Vienna (Austria) Oral presentation 

 
E4. Statistical methods for the scaling of precipitation extremes with temperature. Hans Van de 
Vyver, Bert Van Schaeybroeck, Rafiq Hamdi, and Piet Termonia (2019) EGU 2019, 7-12 April, Vienna 
(Austria). Oral presentation 
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E4. INDECIS Quality Control Software Suite (INQC). Enric Aguilar and José Antonio Guijarro (2019). 
EGU 2019, 7-12 April, Vienna (Austria) Poster presentation 

 
E4. Integrated approach for the development across Europe of user oriented climate indicators for 
GFCS high-priority sectors: agriculture, disaster risk reduction, energy, health, water and tourism 
(INDECIS). Joan Ramon Coll, Enric Aguilar, Gerard van der Schrier, Roberto Coscarelli, Erik Engström, 
Yolanda Luna, Sergio Vicente-Serrano, Petr Stepanek, Liliana Velea, Richard Allan, Ricardo Trigo, Ali 
Nadir Arslan, Manuel del Jesus, Yvan Caballero, Patrick Fournet, Albert Soret, and Hans van de Vijver 
(2019). EGU 2019, 7-12 April, Vienna (Austria). Poster presentation 

 
E4. Benchmarking and Homogenisation of daily Essential Climate Variables within the INDECIS 
Project. José A. Guijarro, Enric Aguilar, Tommaso Caloiero, Giulio Caroletti, Silvia Carvalho, Roberto 
Coscarelli, Mary Curley, Erik Engström, Llorenç Lledó, Jaume Ramon, Gerard van der Schrier, Javier 
Sigró, Petr Stepanek, Maria A. Valente, and Pavel Zahradnicek (2019). 7th International Conference 
of Meteorology and Climatology of the Mediterranean, 4-6 March, Palma de Mallorca (Spain). Oral 
presentation. 

 
E4. Towards a new tall tower database: building a quality controlled and homogenized database of 
wind observations from existing tall towers. . Ramon J., Lledó Ll., Soret A., Aguilar E., (2018). EMS 
2018, 3-7 September, Budapest (Hungary) Poster presentation 

 

E4. Benchmarking and Homogenisation of daily Essential Climate Variables within the INDECIS 
Project. José A. Guijarro, Enric Aguilar, Tommaso Caloiero, Roberto Coscarelli, Mary Curley (2018). 
EMS 2018, 3-7 September, Budapest (Hungary) Oral presentation 

 
E4. New data quality control tolls for operational use in ProClimDB software. Stepanek P., 
Zahradnicek P., Meitner J., Squintu A., van der Schrier G. (2018). EMS 2018, 3-7 September, Budapest 
(Hungary). Poster presentation 

 
E4. Long-term variability comfort conditions based on the Universal Thermal Climate Index over 
Romania. Velea L., Bojariu R. (2018). EMS 2018, 3-7 September, Budapest (Hungary). Oral 
presentation 

 

E4. Qualitative climatological features of observed intense precipitation extremes over Western and 
Northern Europe. Hans Van de Vyver, Bert Van Schaeybroeck, and Rafiq Hamdi (2018) . EMS 2018, 3- 
7 September, Budapest (Hungary). Oral presentation 

 
E4. Quality control and homogenization benchmarking-based progress from the INDECIS project. 
Aguilar E., van der Schrier G., Guijarro J.A., Stepanek P., Zahradnicek P., Sigró J., Coscarelli R., 
Engström E., Curley M., Caloiero T., Lledó Ll., Ramon J., Valente M.A., Pérez-Zanón N., Carvalho S. 
(2018) EGU 2018, 8-13 April, Vienna (Austria). Poster presentation 

 

E4. INDECIS. Integrated approach for the development across Europe of user oriented climate 
indicators for GFCS high-priority sectors: Agriculture, disaster risk reduction, energy, health, water 
and tourism. Aguilar E. (2018). EGU 2018, 8-13 April, Vienna (Austria) EGU-PICO session 

 
E4. Data rescue activities in the INDECIS project. Coll J.R., van der Schrier G., Aguilar E., Bishop A. 
(2018). Spanish Climatology Association Congress, 17-19 October, Cartagena (Spain). Short 
communication & Oral presentation. 
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E4. Evaluación de métodos de homogenización de series climáticas diarias en el marco del proyecto 
INDECIS. Guijarro J.A., Aguilar E., Caloiero T., Carvalho S., Coscarelli R., Curley M., Engström E., Lledó 
Ll., Pérez-Zanón N., Ramón J., Sigró J., Stepanek P., Valente M.A., van der Schrier G., Zahradnicek P. 
(2018). Spanish Climatology Association Congress, 17-19 October, Cartagena (Spain). Oral 
presentation & Short comunication 

 

E4. Assessing the Italian climate and the European perspective. Coscarelli R., Caloiero T., van der 
Schrier G., Aguilar E., Coll J.R., Fusto F., Niccoli R. (2018). 1st Congresso Nazionale AISAM, 10-13 
September, Bologna (Italy). Poster presentation 

 
E4. Tourism Stakeholders involvement for climate services co-creation: A pilot experience. Santos- 
Lacueva R., Clavé S.A., Russo A., Saladié O., Aguilar E. (2018). 5th International Conference on Climate, 
Tourism and Recreation, 25-27 June, Umea (Sweden). Oral presentation 

 

E4. From climate change information to climate services communication: The INDECIS project. 
Prades J. (2018). 24th International Sustainable Development Research Society Conference, 13-15 
June, Messina (Italy). Oral presentation. 

 
E4. Climate services for ecological and climate justice: The INDECIS Project. Prades J., Luna Y., Santos- 
Lacueva R. (2018). International Environmental Law Colloquium, 17-18 May, Tarragona (Spain). 
Poster presentation. 

 

E4. The influence of climate and land-cover scenarios on dam management strategies in a high water 
pressure catchment in North-east Spain. Zabalza-Martínez, J., Vicente-Serrano, S.M., Juan Ignacio 
López-Moreno, Gabriel Borràs-Calvo, Robert Savé, Diana Pascual, Eduard Plá, Enrique Morán-Tejeda, 
Christina L. Tague (2017). The 1st International Electronic Conference on Hydrological Cycle (CHyCle‐ 
2017), 12‐16 November, Sciforum Electronic Conference Series, Vol. 1. Conference paper 

 
E4. Influence on atmospheric evaporative demand in Estonia (1951-2015). . Domínguez-Castro, F., 
Vicente-Serrano, S.M., Jaak Jaagus, Miquel Tomas-Burguera, Makki Khorchani, Marina Peña-Gallardo, 
Tim McVicar (2017). The 1st International Electronic Conference on Hydrological Cycle (CHyCle‐2017), 
12‐16 November, Sciforum Electronic Conference Series, Vol. 1. Conference paper 

 

E4. Spatial and temporal variability of droughts in Estonia (1951-2015). Domínguez-Castro, F., 
Vicente-Serrano, S.M., Jaak Jaagus, Makki Khorchani, Marina Peña-Gallardo (2017). The 1st 
International Electronic Conference on Hydrological Cycle (CHyCle‐2017), 12‐16 November, Sciforum 
Electronic Conference Series, Vol. 1. Conference paper 

 
E4. Seasonal and annual daily precipitation risk maps for the Andean region of Peru. Vicente-Serrano, 
S.M., Juan Ignacio Lopez-Moreno, Kris Correa, Grinia Avalos, Cesar Azorin-Molina, Ahmed El Kenawy, 
Miquel Tomas-Burguera, Francisco Navarro-Serrano, Marina Peña-Gallardo, Luis Gimeno, Raquel 
Nieto (2017). The 1st International Electronic Conference on Hydrological Cycle (CHyCle‐2017), 12‐16 
November, Sciforum Electronic Conference Series, Vol. 1. Conference paper 

 

E4. A proposed robust approach for calculating the Standardized Evapotranspiration Deficit Index 
(SEDI) at the global scale. . Vicente-Serrano, S.M., Diego Miralles, Fernando Dominguez-Castro, Cesar 
Azorin-Molina, Ahmed El Kenawy, Tim McVicar, Miquel Tomas-Burguera, Santiago Begueria, Marco 
Maneta, Marina Peña-Gallardo (2017). The 1st International Electronic Conference on Hydrological 
Cycle (CHyCle‐2017), 12‐16 November, Sciforum Electronic Conference Series, Vol. 1. Conference 
paper 
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E4. Complex spatial and temporal influences of climatic drought time-scales on hydrological droughts 
in natural basins of U.S. Vicente-Serrano, S.M., Marina Peña-Gallardo, Jamie Hannaford, Jorge 
Lorenzo-Lacruz, Mark Svoboda, Steven Quiring, Fernando Dominguez-Castro, Marco Maneta, Miquel 
Tomas-Burguera, Ahmed El Kenawy (2017). The 1st International Electronic Conference on 
Hydrological Cycle (CHyCle‐2017), 12‐16 November. Sciforum Electronic Conference Series, Vol. 1. 
Conference paper 
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INNOVA Applying business model concept for innovative climate service 
provision 

 

https://www.innovaclimate.org/ 
 

Lead PI: Dr. Maria Manez Costa (GERICS) 
Research institutes involved in INNOVA: 
Ecologic institut gemeinnützige GmbH, Germany 
Universitat politecnica de Valencia, Spain 
Université des Antilles, France 
Stichting Wageningen Research, part of Wageningen UR, The Netherlands 
Climate Service Center Germany (GERICS), Helmholtz Center Hereon, Centre for Materials and 
Coastal Research, Germany 

 

List of supporting RFOs (for cash projects): 
National Funding Agencies including BMBF, MINECO, ANR, and NWO. 

 
 

A1: Articles in scientific peer-reviewed journal 
 

1. Swart, R., Celliers, L., Collard, M., Prats, A.G., Huang-Lachmann, J.T., Sempere, F.L., de Jong, F., 
Costa, M.M., Martinez, G., Velazquez, M.P. and Martín, A.R., 2021. Reframing climate services to 
support municipal and regional planning. Climate Services, 22, p.100227. 

 

2. In print: Martinez, G., Costas, S., Ferreira, O., The role of culture for coastal disaster risk 
reduction measures: Empirical evidence from northern and southern Europe, Advances in Climate 
Change Research 

 
3. Rölfer, L., Winter, G., Costa, M. M., & Celliers, L. (2020). Earth observation and coastal 
climate services for small islands. Climate Services, 18, 100168. DOI: 10.1016/j.cliser.2020.100168 

 

4. Rubio-Martín, Adrià; Pulido-Velazquez, M.; Macian-Sorribes, Hector; Garcia-Prats, Alberto. 
(2020) System Dynamics Modeling for Supporting Drought-Oriented Management of the Jucar River 
System, Spain. Water, 147 (12), - . DOI: 10.3390/w12051407 

 
5. Collard, M.; Stattner, E.; Segretier, W.; Eugenie, R.; Jadoul, N. DKP: A Geographic Data and 
Knowledge Platform for Supporting Climate Service Design. ISPRS Int. J. Geo-Inf. 2020, 9, 337. DOI: 
10.3390/ijgi9050337 
In this paper, we presented the INNOVA Data and Knowledge Platform (DKP) that was built to meet 
the needs of the four hubs of the project, but which is also an extensible tool that can be tailored to 
new local issues requiring the development of climate services.We set the scene for supporting 
climate-service elaboration: - a local issue on an identified geographic climate-related risk, - CS 
providers and end users who have to work in a co-design dynamic, analyze local trends    in 
numerical indicators and other available resources (images, videos, narratives, scientific publications), 
and assess the risk on the basis of visualizations and geographic representations. 

 
6. Chabay, I., Koch, L., Martinez, G., & Scholz, G. (2019). Influence of narratives of vision and 
identity on collective behavior change. Sustainability, 11(20), 5680. DOI 10.3390/su11205680 

https://www.innovaclimate.org/
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7. Celliers, L., Máñez Costa, M., Williams, D. S., & Rosendo, S. (2021). The “last mile” for climate 
data supporting local adaptation. Global Sustainability, 4, 1–17. https://doi.org/10.1017/sus.2021.12 
8. Reframing climate services to support municipal and regional planning, Swart, R., Celliers, L., 
Collard, M., Prats, A. G., Huang-Lachmann, J. T., Sempere, F. L., de Jong, F., Máñez Costa, M., 
Martinez, G., Velazquez, M. P., Martín, A. R., Segretier, W., Stattner, E. & Timmermans, W., Apr 2021, 
In: Climate Services. 22, 100227. 
https://www.sciencedirect.com/science/article/pii/S2405880721000157?via%3Dihub 
Focusing on urban and rural development at the regional and local level as key areas of application 
for climate services, this paper characterizes the so-called ‘valley of death’ and suggests options to 
bridge the gap. We suggest that reframing of the concept of climate services can help expand their 
applications and effectiveness, taking local non-climate challenges, opportunities and narratives into 
account. We provide examples from the European ERA4CS project INNOVA. The current focus of 
climate service development is very much on digital forms of climate change information. While this 
may provide a useful “back office” function, active brokerage and mediated transfer of knowledge 
between public and private actors, face-to-face collaboration between providers and clients (“front 
office”), and integration of social, economic and non-climate environmental challenges with climate 
risks can help bridging the “valley of death”. 

 
A2: Article / Book intended for large audiences 
1. Nathan Jadoul and Erick Stattner. "Climate change data analysis : case study of banana in the 
French West Indies". In Proceedings of the 23rd International Database Applications & Engineering 
Symposium, IDEAS 2019, Athens, Greece, June 10-12, 2019, pages 38:1-38:5. ACM, 2019. 
In this paper, we presented a study conducted on the French island of Guadeloupe in the French 
West Indies that had two goals. Firstly, we analysed climate information from the previous 50 years 
regarding feature observers to climate deregulation. Then, we demonstrated the effects of these 
interruptions on the agricultural area, specifically on the development of bananas broadly cultivated 
on the island. This methodology, guided by field information, gives a superior comprehension of the 
difficulties presented by environmental changes in this area and their effects on certain yields touchy 
to this kind of deregulation. 

 
2. Didier Henry, Nathan Jadoul, Reynald Eugenie, and Erick Stattner. "Climate change 
perception in scientific and public spheres". In IEEE International Conference on Data Mining (ICDM 
2019), Joint Workshop on Data Mining in Earth System Science and Data Mining in Climate Change 
Impact, Mitigation and Human Behavior, DMESS-DMCIH 2019, Beijing, China, November 8-11, 2019, 
pages 1-8. IEEE, 2019. 
While a lot of effort has been made on the proposal of efficient models able to provide reliable 
climate projections for the future years, very little work has been done on the global population's 
feelings regarding climate change. In this paper we focused on the social dimension of the problem 
and we adopted a data analytics approach that aimed at studying human perception of the change. 
First, we analyzed a corpus of scientific papers published during the last forty years and we tried to 
understand what were the topics addressed and their evolution. Then, we collected data on Twitter 
to understand what were the feelings and the topics addressed by the individuals regarding climate 
change. 

 

3. Erick Stattner and Nathan Jadoul. "Climate data analytics applied to sugar cane crop in the 
French West Indies". In IEEE International Conference on Data Mining (ICDM 2019), Joint Workshop 
on Data Mining in Earth System Science and Data Mining in Climate Change Impact, Mitigation and 
Human Behavior, DMESS-DMCIH 2019, Beijing, China, November 8-11, 2019, pages 1-8. IEEE, 2019. 
In recent decades, many studies have been focused on climate change. While several studies have 
addressed the problem on a global scale, very few studies have focused on targeted geographical 

http://www.sciencedirect.com/science/article/pii/S2405880721000157?via%3Dihub
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areas. This is for example the case of Lesser islands in the Caribbean sea, for which very little work 
has been done to understand locally the impact of climate change. In this paper we focused on the 
Guadeloupe French island located in the French West Indies and we carried out a data driven 
approach that had two goals. We first conducted a data analytic work over the last 50 years in order 
to highlight witnesses of climate change. Then, we showed the impact of these disturbances on the 
agriculture sector, in particular on the sugar cane crop that is widely cultivated on the island. This 
approach, led by field data, provided insights on climate change challenges in this territory as well as 
their impact on some sensitive crops. 

 
4. Wilfried Segretier and Martine Collard. "Caribbean Flash Floods Modeling and their impact 
on water supply". Abstract. Communication at the Workshop on Challenges and solutions for urban 
water supply in a changing climate and world, Valencia, 17-18 October 2019. 
In this work, we implemented an heuristic based approach for feature selection in the context of 
flash flood prediction in the Caribbean area. Features are complex variables that represent aggregate 
values. We applied a preprocessing method on data in order to elicit relevant information that could 
not be easily accessible initially because it was split through several lines of a dataset. A genetic 
algorithm was used in order to search for the features that may prove the best performances for 
flood prediction. 

 
5. A system dynamics approach for evaluation of climate change impact and adaptation 
strategies on the Jucar River Basin. Authors: Adrià Rubio-Martín; Alberto García-Prats; Héctor 
Macián-Sorribes; Patricia Marcos-García and Manuel Pulido-Velázquez. 4th ECCA conference (Lisbon, 
May 2019). Link: https://www.ecca2019.eu/a-system-dynamics-approach-for-evaluation-of-climate- 
change-impact-and-adaptation-strategies-on-the-jucar-river-basin/ 

 

6. Optimal operating rules under climate change combining agricultural and environmental 
goals with multiobjective programming in the Serpis River Basin (Spain). Authors: Francisco Martinez- 
Capel; Manuel Pulido-Velazquez; Hector Macian-Sorribes; Rafael Muñoz-Mas; João Vieira; Cristina 
Barea-Sanchez and Martin Ruiz-Rodriguez. 4th ECCA conference (Lisbon, May 2019). Link: 
https://www.ecca2019.eu/optimal-operating-rules-under-climate-change-combining-agricultural- 
and-environmental-goals-with-multiobjective-programming-in-the-serpis-river-basin-spain/ 

 
7. System dynamics for integrated management of the Jucar River Basin. Authors: Adrià Rubio- 
Martín; Alberto García-Prats; Héctor Macián-Sorribes and Manuel Pulido-Velázquez. 11th World 
Congress of EWRA, Madrid, June 2019. 

 
8. A DSS tool for stochastic optimization of large-scale water resource systems. Authors: Héctor 
Macián-Sorribes and Manuel Pulido-Velázquez. 11th World Congress of EWRA, Madrid, June 2019. 

 
9. System Dynamics Model to Evaluate Climate and Global Change Impact and Adaptation 
Strategies on the Jucar River Water Resource System. Authors: Adrià Rubio-Martín; Alberto García- 
Prats; Héctor Macián-Sorribes and Manuel Pulido-Velázquez. 
https://agu.confex.com/agu/fm19/meetingapp.cgi/Paper/504928 

 

10. Estimating the added value of seasonal forecasting systems through hydro-economic 
stochastic programming and model predictive control in the Jucar River Basin (Spain). Authors: 
Hector Macian-Sorribes; Ilias Pechlivanidis; Patricia Marcos-Garcia; Manuel Pulido-Velazquez and 
Louise Crochemore. 2019 AGU Fall Meeting. 
https://agu.confex.com/agu/fm19/meetingapp.cgi/Paper/502141 

http://www.ecca2019.eu/a-system-dynamics-approach-for-evaluation-of-climate-
http://www.ecca2019.eu/optimal-operating-rules-under-climate-change-combining-agricultural-
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11. Effects of climate change on water quality for urban water supply of Valencia (Spain). 
Authors: Ferran Llario-Sempere; Manuel Pulido-Velazquez; Adrià Rubio-Martín; Alberto García-Prats; 
Héctor Macián-Sorribes; Javier Macián-Cervera; María Pedro-Monzonís and María Mañez-Costa. 
2019 AGU Fall Meeting. https://agu.confex.com/agu/fm19/meetingapp.cgi/Paper/504953 

 

12. Effect of climate change on water supply in the Metropolitan area of Valencia. Authors: 
Rubio-Martin, Adrià; Llario, Ferran; Garcia-Prats, Alberto; Macián-Cervera, Javier; Pulido-Velázquez, 
Manuel. Communication at the Workshop on Challenges and solutions for urban water supply in a 
changing climate and world, Valencia, 17-18 October 2019. 

 
13. Workshop report: Workshop on “Earth Observation and Coastal Climate Services for Small 
Islands” https://www.innovaclimate.org/workshop-on-earth-observation-and-coastal-climate- 
services-for-small-islands/ 

 

14. Workshop report: INNOVA Expert Workshop: “Climate change and beach wrack – expected 
changes and socio-economic implications” https://www.innovaclimate.org/innova-expert-workshop- 
climate-change-and-beach-wrack-expected-changes-and-socio-economic-implications/ 

 
15. Workshop report: INNOVA International Workshop exploring challenges and solutions for 
urban water supply in a changing climate and world https://www.innovaclimate.org/innova- 
international-workshop-exploring-challenges-and-solutions-for-urban-water-supply-in-a-changing- 
climate-and-world/ 

 

16. A fuzzy logic approach for the prediction of sapid compounds concentration in a water supply 
system under climate change. Authors: Alberto Garcia-Prats, Ferran Llario, Hector Macian-Sorribes, 
Adria Rubio-Martin, Javier Macian-Cervera, and Manuel Pulido-Velazquez. EGU General Assembly 
2021. 
https://doi.org/10.5194/egusphere-egu21-6370 

 
17. Nico Stelljes: “Using Seagrass as insulation material”. In: Baltic Stories Magazin (EUSBSR) June 
2021, p. 16/17. Link: 
https://issuu.com/pomorskieregion/docs/baltic_stories_magazine_issue_2_final 

 

18. Presentation: “Using Seagrass as insulation material” at BSSSC webinar ‘GREEN DEAL - THE 
STRATEGY THAT IS CHANGING EUROPE’ by Nico Stelljes. June 15th 2021. Link: 
https://www.ubc.net/content/webinar-green-deal-strategy-changing-europe 

 
19. Presentation: “Using Seagrass as insulation material” at EMSEA webinar ‘EMSEAgrass 
Awareness Month’ by Nico Stelljes. March 31st 2021. Link: 
http://www.emsea.eu/info.php?pnum=1603533c7477ae 

 

A3: Project document with public access 
D5.1 Risk Management: This document describes INNOVA Task 5.3 that deals with risk and 
information management. https://www.innovaclimate.org/documents/ 
D4.2 Innovation Hubs: The objective of this report aims to provide a context analysis (especially on 
physical and governance structure) of the INNOVA hubs. 
https://www.innovaclimate.org/documents/ 
D3.1.1 Climate Service Development: This document aims to support the development of the Tasks 
3.1, 3.2 and 3.3 regarding business model identification, description and development for each of the 
hubs of the INNOVA consortium. https://www.innovaclimate.org/documents/ 

http://www.innovaclimate.org/workshop-on-earth-observation-and-coastal-climate-
http://www.innovaclimate.org/innova-expert-workshop-
http://www.innovaclimate.org/innova-
http://www.ubc.net/content/webinar-green-deal-strategy-changing-europe
http://www.emsea.eu/info.php?pnum=1603533c7477ae
http://www.innovaclimate.org/documents/
http://www.innovaclimate.org/documents/
http://www.innovaclimate.org/documents/
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D3.2.1 Business models of the climate services developed in the four INNOVA hubs: This document 
contains the description of the climate services and business models developed in each hub, 
following the guidelines established by D3.1.1. 
https://www.innovaclimate.org/documents/ 
D.4.3.3: Report on business opportunities related to upscaling from innovation hubs. This deliverable 
aims to support the development of the Tasks 4.3.2 regarding the identification of chances for 
businesses to develop and deploy new products and services in innovation hubs and beyond 
https://www.innovaclimate.org/documents/ 

 
D2.1 Risk Framework: Deliverable 2.1. supports best practices of multi- and trans-disciplinary 
collaborations while analyzing resilience and co-producing climate services. 
https://www.innovaclimate.org/documents/ 
D1.5 Stakeholder Engagement Framework: The development of a stakeholder interaction protocol 
for INNOVA is a deliverable of Work Package 1 (WP1). The development of the stakeholder 
engagement framework and protocol underscores the importance of developing a strong 
relationship between science and societal partners. https://www.innovaclimate.org/documents/ 

 
 

B. Datasets that can be used as input to deliver a climate service 
B1: In open access: 
1. The Data Knowledge Platform of INNOVA is a prototype in development to deliver climate 
services of data in diverse forms for the innovation hubs: http://innova.univ-antilles.fr/innova/ 
a. The users could upload data in different forms, e.g. narratives, literatures, and climate data 
to visualise on the website feature. 
b. One of the data analytics features aims to conduct key-words searches, advanced searches 
and searching text (text-mining tool): resulting in tables and graphs, e.g. word clouds. 

 
C. Software that can be used to deliver a climate service 
- C1: In open access 
- C2: Accessible via a license without fee 
1. The output software of Data and Knowledge Platform (DKP) is co-designed with users and 
stakeholders to support to the agro-ecological transition in Guadeloupe. 

 
- C3: Accessible via a license with a fee 
- C4: Accessible only to project partners 
1. DSS for the management of the Jucar River system (Spain). Rubio-Martin, Adria; Pulido- 
Velázquez, Manuel, Macian-Sorribes, Hector. DSS that simulates the management of the integrated 
water resource system of the Jucar River. It allows estimating the impact of climate change in the 
system and the selection of different adaptation options. 

 
2. Water quality model of the Tous reservoir (Spain). Llario, Ferran; Rubio-Martin, Adria; Pulido- 
Velazquez, Manuel; Garcia-Prats, Alberto. Simulation model of the Tous reservoir, point of raw water 
intake, for researching the interaction between physical, chemical and biological processes and their 
impact on water quality parameters. Temperature, nutrients, phytoplankton, dissolved oxygen and 
trophic state have been predicted in different scenarios of climate change. 

 

D. Full service ready to operate 
D1: Interactive Web Site: 
1. INNOVA project website: www.innovaclimate.org 
2. Twitter account: @innovaclimate 

http://www.innovaclimate.org/documents/
http://www.innovaclimate.org/documents/
http://www.innovaclimate.org/documents/
http://www.innovaclimate.org/documents/
http://www.innovaclimate.org/documents/
http://innova.univ-antilles.fr/innova/
http://www.innovaclimate.org/
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3. The Data and Knowledge Platform at http://innova.univ-antilles.fr/innova/ 
 

- D3: Service based on tailored reports and advices 
1. Results of sapid compounds model using fuzzy logic. Llario, Ferran; Macian-Sorribes, Héctor; 
Rubio-Martin, Adrià; Pulido-Velázquez, Manuel; Garcia-Prats, Alberto. This model evaluates the 
impact of climate change on the production of sapid compounds (MIB and geosmin) in a reservoir 
used to take raw water to the Valencia Metropolitan Area. 

 
- D4: Training Sessions 
1. Participatory modelling: an interview methods to collect users’ input to feed in the co-design 
and co-production processes in order to develop user-oriented climate data. 

 

2. Business model concept of climate services: a step-by-step guide for users to engage in the 
climate service co-development processes. 

 
- D5: Digital Magazines: Ezines 
Ezines (www.innovaclimate.org website): 
1. INNOVA Ezine 1 – Nijmegen, the EU Green Capital 2018 and Room for the River Waal 
Nijmegen is situated along the Waal river, one of Europe’s largest transport and ecological corridors. 
More than 250M euro has been spent on a new bypass of the Waal, called the Mirror Waal, one of 
the major urban examples of the Dutch Room for the River project. This e-zine shows the Mirror 
Waal project. From awareness of upcoming flooding risks, via complex planning and design efforts 
into the final result, including innovative ecological engineering, new sport activities and 
spontaneous festivals. 

 

2. INNOVA Ezine 2 – Valencia Region, Droughts and Agricultural Interests in a Metropolitan 
Area in Spain 
Valencia is surrounded by an agricultural landscape with deep cultural significance and with a multi- 
sectoral structure in which irrigated agriculture plays an important role in the consumption of water. 
The Albufera Natural Park, less than 10 km south of Valencia, is a freshwater lagoon and its 
surroundings rice plots. Given the predicted adverse effects of climate change, it is important for the 
City of Valencia to develop adaptation strategies for the future climate. The mandate for the INNOVA 
project is to develop a climate service that satisfies the water use needs to support the distribution 
of potable water to its users. 

 
3. INNOVA Ezine 3 – Kiel Bay, Heavy rains and erosion in the Baltic coastal area 
This e-zine describes the effects and opportunities of beach wrack washed up on shores of Kiel Bay, 
Germany. Beaches with large volumes of beach wrack generally considered, by tourists, to be “dirty”, 
which detracts from its attraction. “Dirty” or unattractive beaches attract fewer visitors, and reduce 
economic activity associated with a beach experience, i.e. food sales, canopy and chair rentals, hotel 
accommodation, etc. As a result, local communities on the Kiel Bay remove beach wrack in the 
tourist season on a daily basis. The INNOVA project is investigating whether this natural process is 
being affected by climate change and at the same time show solutions how this material can be 
regarded as a resource. 

 
4. INNOVA Ezine 4 – Experimenting to reducing the French West-Indies islands’ vulnerability to 
global change 
These French West-Indies islands (FWI) are investigating solutions to reduce their vulnerability to 
global climate change. During the last decades, the FWI were subject to many and intense climate 
impacts on agricultural production. This e-zine highlights the environmental and climatic challenges 

http://innova.univ-antilles.fr/innova/
http://www.innovaclimate.org/
http://www.innovaclimate.org/
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related to the agro-ecological transition of predominantly banana and sugar cane production, to 
more sustainable and locally important crops for Guadeloupe and Martinique. Even so, both these 
crops are important contributors to the gross domestic product (GDP) of the FWI. 

 

5. INNOVA Ezine 5 – Taiwan megacity Kaohsiung: how to beat extreme climate events in a 
tropical metropole 
Kaohsiung is a tropical city and is a major international port and industrial city in the southwest of 
Taiwan. The city is known for its industries and harbor, Love River, agriculture, mountains and history. 
Fruits, vegetables and rice are the main agricultural products of Kaohsiung. It is the largest producer 
of high-value crops such as guava, jujubes, banana and lychees among many others. The mountains 
in the North East are important natural attractions. The tropic metropole Kaohsiung already faces a 
wide variety of disasters. The influence of climate change makes them even more complex. 

 
6. INNOVA Ezine 6 – Beyond Kiel Bay: beach wrack and seagrass in an international and circular 
economy context 
This E-Zine highlighted some of the potential usage of beach wrack, and also explains the 
uncertainties of the availability and distribution of beach wrack as a resource as the climate is 
changing. The magazine also reports on the progress of the INNOVA project: Activities in the projects 
are presented, such as first results from an expert workshop and the presentation of a video series 
dealing with seagrass and beach wrack, called ‘Seagrass & Co’. The international examples will span 
from the Baltic Sea, where two research projects present their latest findings. It will also highlight the 
final conference of the POSIMA beach wrack project, where in cooperation with INNOVA English 
versions of the video series ‘Seagrass & Co.’ were made available. 

 
7. INNOVA Ezine 7 – Challenges and Solutions for Urban Water Supply in a Changing Climate 
and World 
Fresh water is a vital resource for human life – not just for drinking, but also for agriculture, washing 
and many other activities. Water is among the key natural resources that is going to suffer from the 
impact of climate change. Some of the main questions that the water sector is forced to answer are 
how to improve the efficiency of water treatment and supply facilities; how to face different extreme 
weather conditions, such as drought or flooding scenarios; and how to increase the ratio of reused 
water. Analysing the effect of climate change in the water cycle is also required to start developing 
tools that will assist decision making. 

 

8. INNOVA Ezine 8 – ‘Long term planning scenarios - Nijmegen’ - in development 
The French West Indies (Guadeloupe and Martinique), as one of the INNOVA hubs, are 
representative for other Small Island States around the globe. Even though Small Island States are 
distinct in their geographical, biophysical, socio-economic and cultural characteristics, they share 
common challenges with respect to risk reduction and climate change adaptation. With this Ezine we 
want to highlight the need for specific climate services, which are tailored to the needs of Small 
Island States and account for their specific challenges for climate adaptation. A case-study example 
from Zanzibar will present the usage of newest technology to identify areas affected by salt-water 
intrusion and sea inundation – a challenge, which is common to many Small Island States 

 
9. INNOVA Ezine 9: - Climate and earth observation services for Small Islands - in development 
To be released in summer 2021 

 
10. INNOVA Ezine 10 – Final edition - to be started and released in Autumn 2021 
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Indicate also the intentions of the project consortium regarding the future of this service: 
F3: Transfer the service to an operational actor, e.g. an operational public agency or a private 
company, or a mix of the above options) 
1. The climate services co-development processes of the INNOVA have been transferred to an 
Asian coastal city, Kaohsiung City in Taiwan. Through the interactions between INNOVA hubs, 
workshops and training sessions, the service is transferred to the Environmental Protection Bureau 
of Kaohsiung City Government in Taiwan. The operational public agency has acted as a 
transdisciplinary actor to work with stakeholders with the citizens, private sectors as well as across 
sectors within the public sector. 

 
E. Other results not falling into the above categories 
E1: A network of stakeholders that can be mobilized to continue the development of a service 

The design of the INNOVA project is to engage the stakeholders (they are users of climate 
services as well) in the project as the Advisory Board. They are engaged in the whole process for the 
climate service development and are invited to provide feedback of the project’s General Assembly 
taken place regularly. The stakeholders together with the project consortium form a network which 
can be mobilised to continue for the development of services. The stakeholders details are described 
as the following table: 

 
Acronym of stakeholder organization Full name of stakeholder 

1 Gemeente Nijmegen Municipality of Nijmegen, Gemeente Nijmegen 
2 Aguas de Valencia Water utility company in Valencia, Aguas de Valencia 
3 INRAE French National Institute for Agricultural, Food and Environment Research, Paris 
4 Stadt Eckernförde Department of Environmental protection, City of Eckernförde 
5 Ostseebad Eckernförde Eckernförde Touristik & Marketing GmbH Eckernförde 
6 Strandmanufaktur Entrepreneur ‚Strandmanufaktur‘ (Usage of Seagrass) 
7 Environmental Protection Bureau, Kaohsiung City Government,Taiwan Transdisciplinary 
coordinator for the climate change projects 

 
- E2: Videos (public access) 

 

INNOVA has produced a series of videos for communicating processes and outcomes of climate 
services delivered by the INNOVA project. All the videos are made publicly available and 
disseminated through different channels such as EU-wide newsletters, the project website, and 
online platforms. 

 
Video Link 
INNOVA Expert Workshop: “Earth Observation and Coastal Climate Services for Small Islands”. The 
workshop on “Coastal Climate and Earth Observation Services for Small Islands” was held from 13th 
to 15th of November 2019 at the Memorial ACTe Museum in Pointe-à-Pitre, Guadeloupe. 

https://www.innovaclimate.org/workshop-on-earth-observation-and-coastal-climate- 
services-for-small-islands/ 
Additional video material: 
General: https://youtu.be/tJp2xa2dBH8 
Video 1: 
https://www.youtube.com/watch?v=RocH28YyGeE&feature=emb_imp_woyt 
Video 2: 
https://www.youtube.com/watch?v=RocH28YyGeE&feature=emb_imp_woyt 
Video 3: 
https://www.youtube.com/watch?v=RocH28YyGeE&feature=emb_imp_woyt 

http://www.innovaclimate.org/workshop-on-earth-observation-and-coastal-climate-
http://www.youtube.com/watch?v=RocH28YyGeE&feature=emb_imp_woyt
http://www.youtube.com/watch?v=RocH28YyGeE&feature=emb_imp_woyt
http://www.youtube.com/watch?v=RocH28YyGeE&feature=emb_imp_woyt
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Video 4: 
https://www.youtube.com/watch?v=RocH28YyGeE&feature=emb_imp_woyt 

 
INNOVA Expert Workshop: “Climate change and beach wrack – expected changes and socio- 
economic implications”. An expert workshop was conducted in the Kiel Bay hub to study the link 
between climate change and beach wrack on June 12th in Eckernförde in conjunction with the 
General Assembly of the INNOVA project. https://www.innovaclimate.org/innova-expert- 
workshop-climate-change-and-beach-wrack-expected-changes-and-socio-economic-implications/ 

 
INNOVA International Workshop: “Exploring challenges and solutions for urban water supply in a 
changing climate and world”. 17th and 18th October 2019 in Valencia, Spain 

https://www.innovaclimate.org/innova-international-workshop-exploring-challenges-and- 
solutions-for-urban-water-supply-in-a-changing-climate-and-world/ 

 

Coverage: 
https://www.innovaclimate.org/innova-international-workshop-exploring-challenges-and-solutions- 
for-urban-water-supply-in-a-changing-climate-and-world/ 

 
INNOVA Video Series: Beyond Kiel Bay: beach wrack and seagrass in an international and circular 
economy context Video 1: https://www.youtube.com/watch?v=Swj7PbdcLzc 
Video 2: https://www.youtube.com/watch?v=_kgGbjajzi4 
Video 3: https://www.youtube.com/watch?v=_Y5OATYN5lU 
Video 4: https://www.youtube.com/watch?v=X6Q4RFTxtg0 
Video 5: https://www.youtube.com/watch?v=xXSJiQzdqzU 
Video 6: https://www.youtube.com/watch?v=Kc06ZihTlv8 
Video 7: https://www.youtube.com/watch?v=VxM761uTpMI 

INNOVA Hub Video - Kaoshung https://www.youtube.com/watch?v=Cz0yPFxlsAE 

INNOVA Video Summary - Climate Services Provision Project - Who we are (multi-lingual) 
Spanish: https://www.youtube.com/watch?v=NNUBbeJ0bV8 

German: https://www.youtube.com/watch?v=PwOmDaz3OUU 
French: https://www.youtube.com/watch?v=_nVXO0h2AFs 
Dutch: https://www.youtube.com/watch?v=x2jO3RVorAc 
Chinese: https://www.youtube.com/watch?v=_jFxzURnNMs 
English: https://www.youtube.com/watch?v=6_LitiSdTn4 

 
INNOVA Video: ECCA 2021 - Climate Adaptation solutions - ERA4CS 

https://www.youtube.com/watch?v=jjTr1ymWeTU&t=3s 

http://www.youtube.com/watch?v=RocH28YyGeE&feature=emb_imp_woyt
http://www.innovaclimate.org/innova-expert-
http://www.innovaclimate.org/innova-international-workshop-exploring-challenges-and-
http://www.innovaclimate.org/innova-international-workshop-exploring-challenges-and-solutions-
http://www.youtube.com/watch?v=Swj7PbdcLzc
http://www.youtube.com/watch?v=_kgGbjajzi4
http://www.youtube.com/watch?v=_Y5OATYN5lU
http://www.youtube.com/watch?v=X6Q4RFTxtg0
http://www.youtube.com/watch?v=xXSJiQzdqzU
http://www.youtube.com/watch?v=Kc06ZihTlv8
http://www.youtube.com/watch?v=VxM761uTpMI
http://www.youtube.com/watch?v=Cz0yPFxlsAE
http://www.youtube.com/watch?v=NNUBbeJ0bV8
http://www.youtube.com/watch?v=PwOmDaz3OUU
http://www.youtube.com/watch?v=_nVXO0h2AFs
http://www.youtube.com/watch?v=x2jO3RVorAc
http://www.youtube.com/watch?v=_jFxzURnNMs
http://www.youtube.com/watch?v=6_LitiSdTn4
http://www.youtube.com/watch?v=jjTr1ymWeTU&t=3s
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INSEAPTION Sea-level projections for coastal adaptation 
 

http://www.inseaption.eu 
 

INSeaPTION is a research project, which aims at addressing these limitations by co-designing and co- 
developing, together with users, coastal climate services based on state-of-the art sea-level rise, 
impact, adaptation and transdisciplinary science. 

 
Lead PI: Gonéri Le Cozannet, BRGM, g.lecozannet@brgm.fr 

 
List of other research institutes involved in the project: Créocean, Global Climate Forum, University 
of La Rochelle (LIENSs, UMR 7266), University of Balearic Islands (IMEDEA), University of Utrecht 
(IMAU). 

 
List of supporting RFOs: France, The Netherlands, Germany and Spain. 

Contact : g.lecozannet@brgm.fr 

 
A. Written documents 

 
INSeaPTION aims at developing climate services for coastal adaptation to sea-level rise. To this aim, 
INSeaPTION starts with analyzing the user context, where sea-level and impact information can be 
useful, in order to co-design climate services with adaptation practitioners. 
The written documents below describe different aspects of the INSeaPTION approach and climate 
services. The overall approach is discussed in one paper taking the perspective of coastal climate 
services market development (Le Cozannet et al., 2017) and user decision making schemes on the 
other hand (Hinkel et al., 2019). Other reports and papers describe the user decision context (e.g., 
Polynesia and Global user reports, Terrorotua et al., 2020, Bisaro et al., 2019;2020; Gussmann and 
Hinkel, 2020;2021) and scientific results supporting these needs. This includes research on mean sea- 
level changes (Frederikse et al., 2020; Jevrejeva et al., 2019; Le Cozannet et al., 2019; Van der Pol et 
al., 2018; Stammer et al., 2019), on extreme sea-levels and their changes (Marcos et al., 2019; 
Amores and Marcos, 2020; Lambert et al., 2020; Calafat and Marcos, 2020), on impacts and 
adaptation (Duvat and Magnan, 2019a, 2019b; Amores et al., 2020; Hinkel et al., 2021; Rohmer et al., 
2021). The two papers Poitevin et al. (2019) and Becker et al. (2020) use outcomes and expertise 
produced within the INSeaPTION project. The paper Le Cozannet et al. (2020) contributes to framing 
space-based services for coastal risk assessments. 

 

A1: articles: As of 17 June 2020, 29 articles have been published in journals such as Earth Future, 
Environmental Research Letters, Nature Communication, Journal of Marine Science and Engineering, 
etc. The full list is available on http://www.inseaption.eu/index.php/dissemination/publications 

 
1. Amores, A. and Marcos, M. (2020). Ocean Swells along the Global Coastlines and Their 
Climate Projections for the Twenty-First Century. Journal of Climate, 33(1), pp.185-199 ; 
http://doi.org/10.1175/JCLI-D-19-0216.1 

 
2. Amores, A., Marcos, M., Pedreros, R., Le Cozannet, G., Lecacheux, S., Rohmer, J., Hinkel, H., 
Gussmann, G., van der Pol, T., Shareef, A., and Khaleel, Z. (2021). Coastal flooding in the Maldives 
induced by mean sea-level rise and wind-waves: from global to local coastal modelling. In press. 
Frontiers in Marine Science. http://doi.org/10.3389/fmars.2021.665672 

http://www.inseaption.eu/
mailto:g.lecozannet@brgm.fr
mailto:g.lecozannet@brgm.fr
http://www.inseaption.eu/index.php/dissemination/publications
http://doi.org/10.1175/JCLI-D-19-0216.1
http://doi.org/10.3389/fmars.2021.665672
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3. Becker, M., Papa, F., Karpytchev, M., Delebecque, C., Krien, Y., Khan, J.U., Ballu, V., Durand, F., 
Le Cozannet, G., Islam, A.S. and Calmant, S. (2020). Water level changes, subsidence, and sea level 
rise in the Ganges–Brahmaputra–Meghna delta. Proceedings of the National Academy of Sciences, 
117 (4) 1867-1876; https://doi.org/10.1073/pnas.1912921117 

 
4. Bisaro, A., de Bel, M., Hinkel, J. et al. (2019). Leveraging public adaptation finance through 
urban land reclamation: cases from Germany, the Netherlands and the Maldives. Climatic Change, 
160, 671–689 (2020). https://doi.org/10.1007/s10584-019-02507-5. 

 
5. Bisaro, A., de Bel, M., Hinkel, J., Kok, S., Stojanovic, T., Ware, D., (2020). Multilevel 
governance of coastal flood risk reduction: A public finance perspective. Environ. Sci. Policy 112, 
203–212. https://doi.org/10.1016/j.envsci.2020.05.018 

 

6. Calafat, F.M., and M. Marcos (2020).Probabilistic reanalysis of storm surge extremes in 
Europe. Proceedings of the National Academy of Sciences, 117(4), 1877-1883, 
https://doi.org/10.1073/pnas.1913049117 

 
7. Duvat V.K.E. (2020). Human-driven atoll island expansion in the Maldives. Anthropocene 32, 
100265. https://doi.org/10.1016/j.ancene.2020.100265 

 
8. Duvat V.K.E., Magnan A. (2019), Rapid human-driven undermining of atoll island capacity to 
adjust to ocean climate-related pressures. Scientific Reports 9, 15129. 
http://doi.org/10.1038/s41598-019-51468-3 

 
9. Duvat V.K.E., Magnan A. (2019). Contrasting potential for nature-based solutions to enhance 
coastal protection services in atoll islands. In: C. Klöck & M. Fink (Eds.) Dealing with climate change in 
small islands: towards effective and sustainable adaptation? Göttingen University Press, Göttingen, 
pp. 45-75. https://doi.org/10.17875/gup2019-1211 

 
10. Frederikse, T., Buchanan, M. K., Lambert, E., Kopp, R. E., Oppenheimer, M., Rasmussen, D.J., 
van de Wal, R. S. W. (2020). The role of emission scenarios and Antarctica in 21st century extreme 
water level changes, Nat Commun 11, 390. https://doi.org/10.1038/s41467-019-14049-6 

 

11. Gussmann, G., Hinkel, J. (2020). What drives relocation policies in the Maldives? Clim. 
Change 163, 931–951. https://doi.org/10.1007/s10584-020-02919-8 

 
12. Gussmann, G., Hinkel, J. (2021). A framework for assessing the potential effectiveness of 
adaptation policies: Coastal risks and sea-level rise in the Maldives. Environmental Science & Policy 
115, 35–42. https://doi.org/10.1016/j.envsci.2020.09.028 

 

13. Hay J.E., Duvat V.K.E., Magnan A. (2019). Trends in vulnerability to climate-related hazards in 
the Pacific: research, understanding and implications. In: W.T. Pfeffer, J.B. Smith & K.L. Ebi (Eds.) The 
Oxford Handbook of Planning for Climate Change Hazards, Oxford University Press. 
https://doi.org/10.1093/oxfordhb/9780190455811.013.45 

 
14. Hinkel, J., Church, J. A., Gregory, J. M., Lambert, E., Le Cozannet, G., Lowe, J., ... & van de Wal, 
R. (2019). Meeting user needs for sea level rise information: A decision analysis perspective. Earth's 
Future, 7(3), 320-337; http://doi.org/10.1029/2018EF001071 

http://doi.org/10.1038/s41598-019-51468-3
http://doi.org/10.1029/2018EF001071
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15. Hinkel, J., Feyen, L., Hemer, M., Le Cozannet, G., Lincke, D., Marcos, M., et al. (2021). 
Uncertainty and bias in global to regional scale assessments of current and future coastal flood risk. 
Earth's Future, 9, e2020EF001882. https://doi.org/10.1029/2020EF001882 

 

16. Jevrejeva, S., Frederikse, T., Kopp, R.E., Le Cozannet, G., Jackson, L.P. and van de Wal, R.S.W. 
(2019). Probabilistic sea level projections at the coast by 2100. Surveys in Geophysics, 40(6), 
pp.1673-1696. https://doi.org/10.1007/s10712-019-09550-y 

 
17. Lambert, E., Rohmer, J., Le Cozannet, G. and van de Wal, R.S.W. (2020). Adaptation time to 
magnified flood hazards underestimated when derived from tide gauge records. Environmental 
Research Letters, 15 074015, https://doi.org/10.1088/1748-9326/ab8336 

 

18. Le Cozannet, G., Nicholls, R., Hinkel, J., Sweet, W., McInnes, K., Van de Wal, R., ... & White, K. 
(2017). Sea level change and coastal climate services: The way forward. Journal of Marine Science 
and Engineering, 5(4), 49. https://doi.org/10.3390/jmse5040049 

 
19. Le Cozannet, G., Thieblemont, R., Rohmer, J., Idier, D., Manceau, J.C. and Quique, R. (2019). 
Low-end probabilistic sea-level projections. Water, 11(7), p.1507. 
https://doi.org/10.3390/w11071507 

 
20. Le Cozannet, G., Kervyn, M., Russo, S., Speranza, C.I., Ferrier, P., Foumelis, M., Lopez, T. and 
Modaressi, H., 2020. Space-based earth observations for disaster risk management. Surveys in 
geophysics, pp.1-27. https://doi.org/10.1007/s10712-020-09586-5 

 

21. Magnan A.K., Duvat V.K.E. (2020).Towards adaptation pathways for atoll islands. Insights 
from the Maldives. Regional Environmental Change, 20, 119. https://doi.org/10.1007/s10113-020- 
01691-w 

 
22. Magnan A.K., Schipper, L.E.F., Duvat V.K.E. (2020). Frontiers in climate change adaptation 
science: advancing guidelines to design adaptation pathways. Current Climate Change Reports. 
https://doi.org/10.1007/s40641-020-00166-8 

 

23. Marcos, M., Rohmer, J., Vousdoukas, M. I., Mentaschi, L., Le Cozannet, G., & Amores, A. 
(2019). Increased Extreme Coastal Water Levels Due to the Combined Action of Storm Surges and 
Wind Waves. Geophysical Research Letters, 46(8), 4356-4364 
https://doi.org/10.1029/2019GL082599 

 
24. Poitevin, C., Wöppelmann, G., Raucoules, D., Le Cozannet, G., Marcos, M., & Testut, L. (2019). 
Vertical land motion and relative sea level changes along the coastline of Brest (France) from 
combined space-borne geodetic methods. Remote Sensing of Environment, 222, 275-285. 
https://doi.org/10.1016/j.rse.2018.12.035 

 

25. Rohmer, J., Lincke, D., Hinkel, J., Le Cozannet, G., Lambert, E., Vafeidis, A.T. (2021). 
Unravelling the Importance of Uncertainties in Global-Scale Coastal Flood Risk Assessments under 
Sea Level Rise. Water 13(6), 774. https://doi.org/10.3390/w13060774 
26. Stammer, D., Van de Wal, R.S.W., Nicholls, R.J., Church, J.A., Le Cozannet, G., Lowe, J.A., 
Horton, B.P., White, K., Behar, D. and Hinkel, J. (2019). Framework for high‐end estimates of sea level 
rise for stakeholder applications. Earth's Future, 7(8), pp.923-938. 
https://doi.org/10.1029/2019EF001163 
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27. Terorotua H., Duvat V., Maspataud A., Ouriqua J. (2020). Assessing perception of climate 
change by decision-makers and designing coastal climate services: lessons learnt from French 
Polynesia. Frontiers in Marine Science, 7: 160. https://doi.org/10.3389/fmars.2020.00160 

 

28. Van Der Pol, T. D., & Hinkel, J. (2019). Uncertainty representations of mean sea-level change: 
a telephone game?. Climatic Change, 152(3-4), 393-411. http://doi.org/10.1007/s10584-018-2359-z 

 
29. Wreford A, Dittrich R, van der Pol TD (2020) The added value of real options analysis for 
climate change adaptation. WIREs Climate Change, https://doi.org/10.1002/wcc.642 

 
 

A3: Global User Workshop reports on Coastal Climate Services Identification and specifications 
http://www.inseaption.eu/images/pdf_fr/D11_Synthesis_First_user_workshop_FINAL_EN.pdf 

 
A3: Regional Polynesia User Workshop reports on Coastal Climate Services Identification and 
specifications (in French, plus english summary). This report sumarises stakeholder workshop and 
related meetings and adoption of our Coastal Climate Services 
http://www.inseaption.eu/images/pdf_fr/INSeaPTION_Rapport_synthese_worskhop_mars_2018_Vfi 
nale.pdf 

 
http://www.inseaption.eu/images/pdf_fr/D31_EN_Summary_First_user_workshop_FINAL_EN.pdf 

 

A4 (Project document with access reserved to project partners): Maldives user workshop report 
(2018) 

 
B. Datasets that can be used as input to deliver a climate service 

 
INSeaPTION has delivered datasets on mean and extreme sea-level changes, in particular through a 
significant contribution to the Special Report on Ocean and Cryosphere in a Changing Climate of the 
6th assessment report of the International Panel on Climate Change (IPCC). This includes mean and 
extreme sea-level projections, considering dependencies between different processes. Most of these 
datasets are delivered as supplementary materials of the publication above. 

 

B1: Dataset in open access: 
 

B1 Mean and extreme sea-level projection of the SROCC report include a strong contribution 
from INSeaPTION partners, especially the university of Utrecht 
(https://www.ipcc.ch/srocc/chapter/chapter-4-sea-level-rise-and-implications-for-low-lying-islands- 
coasts-and-communities/), and their data are now a reference for sea-level and impact assessments. 
Furthermore, low-end probabilistic sea-level projections have been produced: they provide best-case 
potential sea-level changes and providing the basis for estimating minimum adaptation needs 
https://doi.org/10.3390/w11071507. These datasets were used as inputs of an in-depth sensitivity 
analysis for global-scale coastal flood risk assessments under sea level rise with all materials and 
codes being available here: https://www.mdpi.com/2073-4441/13/6/774/s1 (Rohmer et al., 2021). 

 
B1 Extreme sea-levels: INSeaPTION has produced extreme wave heights around the Maldivian 

coastlines for return periods of 10, 20, 50 and 100 years (http://doi.org/10.3389/fmars.2021.665672): 
this dataset will provide extreme waves heights, typically at 20m depth, that are required for local 
coastal modelling, coastal flood hazard assessment and evaluation of adaptation options (including 
nature based solutions and coastal engineering design). For example, a previous similar dataset was 

http://doi.org/10.1007/s10584-018-2359-z
http://www.inseaption.eu/images/pdf_fr/D11_Synthesis_First_user_workshop_FINAL_EN.pdf
http://www.inseaption.eu/images/pdf_fr/INSeaPTION_Rapport_synthese_worskhop_mars_2018_Vfi
http://www.inseaption.eu/images/pdf_fr/D31_EN_Summary_First_user_workshop_FINAL_EN.pdf
http://www.ipcc.ch/srocc/chapter/chapter-4-sea-level-rise-and-implications-for-low-lying-islands-
http://www.mdpi.com/2073-4441/13/6/774/s1
http://doi.org/10.3389/fmars.2021.665672)
http://doi.org/10.3389/fmars.2021.665672)
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produced for Polynesia as part of the design of coastal risk prevention plans 
(https://doi.org/10.5194/nhessd-2-725-2014). Finally, an extreme Coastal Water Levels accounting 
for dependencies between Storm Surges and Wind Waves (50-yr return periods) has been produced 
(https://doi.org/10.1029/2019GL082599). This dataset is useful to determine where, along the world 
shorelines, dependencies between waves and surges need to be considered for accurate coastal risk 
assessment. 

 

B4 Dataset accessible only to project partners: such products include multi-decadal shoreline 
change dataset, which relates to the Coastal Climate Service "Risk of Shoreline Destabilisation" 
(French Polynesia) has already partly been and will fully be delivered to the Town and Planning 
Division of the Polynesian government. 

 

C. Software that can be used to deliver a climate service 
The added value of INSeaPTION is more on using existing softwares and determining where they best 
perform, rather than developing new softwares. For example, we use the DIVA platform for 
economic assessments of sea-level rise, SWASH for local coastal modelling, WW3 for wave modelling, 
HYRISK for uncertainty analysis, as described in the papers listed in Annex 1. Some developments 
that have been done in R and Matlab to use and analyse these software are available as a C1 product: 

 
C1/F2: Software in open access : software based in Matlab to prepare the input data for running the 
SWASH model in an atoll island in 1D and to process the output of the model 

 

C1/F2: Software in open access : R codes to support sea-level impact assessments (COaSTAUD 
framework), which are mostly developed within the ECLISEA project but also used and further 
developed for the specific needs of INSeaPTION 
(https://www.researchgate.net/publication/330320455_The_COasTAUD_framework_COASTAl_Unce 
rtainties_Demystification). Recent developments include wave climate data analysis based on the 
C3S Copernicus Data Store reanalysis. This will require further developments. 

 
 

D. Full service ready to operate 
 

D1/F1: Interactive Web Site: the sea-level rise interactive scenario viewer: 
https://sealevelrise.brgm.fr/sea-level-scenarios/ allows to visualize and evaluate different types of 
sea-level projections, including those from the 5th Assessment report of the IPCC, the SROCC, high 
end and low-end scenarios. It also allows to compute on the fly total regional sea-level scenarios 
based on assumptions on components (for context, see also: 
http://www.inseaption.eu/index.php/news/23-web-map-of-sea-level-rpojections). The methods to 
compute these data on the fly have been mostly developed within INSeaPTION, and the portal has 
been developed within the in-kind project ECLISEA. The methods for regionalization are essentially 
the same as those presented in IPCC reports and developed i.a. by INSeaPTION partner IMAU. The 
service is considered TRL3/4 and essentially useful for experts in sea-level rise adaptation. Funding is 
secured until 2024 to support further developments of this tool within the H2020 PROTECT project. 
The service is now available as a demonstrator through DRIAS, the French Climate Service, owing to a 
collaboration with Météo-France as part of the French Convention for Climate Services: 
http://www.drias-climat.fr/accompagnement/sections/273. 

 
D1/F1: Interactive Web Site: the interactive viewer for low-lying coastal areas is a joint spin-off of the 
ECLISEA and INSeaPTION projects: https://sealevelrise.brgm.fr/slr/. It allows to visualize areas below 
high-tides plus a user-defined amount of sea-level rise in France. The service uses the national Lidar 

http://www.researchgate.net/publication/330320455_The_COasTAUD_framework_COASTAl_Unce
http://www.inseaption.eu/index.php/news/23-web-map-of-sea-level-rpojections)
http://www.drias-climat.fr/accompagnement/sections/273
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topographic data of IGN and the tidal levels of SHOM, as well as BRGM’s high-performance servers 
for displaying pre-cooked maps and on the fly high-resolution maps. Compared to other similar 
portal, data are thus the best available in terms of resolution, accuracy and precision. The portal has 
been mainly developed within internal BRGM projects and the in-kind project ECLISEA, but it also 
benefited from additional funding from INSeaPTION for improvements conducted in 2021. The 
service is considered TRL4/5 and essentially useful for coastal engineers looking for a first screening 
ahead of more detailed coastal flooding studies. Funding is secured until 2025 to support further 
developments of this tool within the H2020 CoCliCo project. The service is now also available as a 
demonstrator through DRIAS, the French Climate Service, owing to a collaboration with Météo- 
France as part of the French Convention for Climate Services: http://www.drias- 
climat.fr/accompagnement/sections/273. 

 

D3/F2: Service based on tailored reports and advices: Services ready to operate are coastal flood and 
erosion hazard and risk assessments, as already performed by GCF, IMEDEA, CREOCEAN and BRGM 
as part of their operational support to public policies and international partners. These services 
existed before INSeaPTION, but they benefit from the project because they can use methods and 
data (e.g., sea-level projections, decision context analysis. This type of tailored service can be 
accessed by contacting partner organization or by issuing a call for tender. For the particular case of 
the Maldives, there is a need for validation of models with in-situ data that could not be fulfilled due 
to travel restrictions due to Covid. This remains a task to be done to ensure operationalization in the 
Maldivian context. 

 
D4/F2: Interactive training material or service: a training session on coastal hydrodynamic modelling 
has been organized for local stakeholders in the Maldives. The aim of this training is to enable users 
to develop their own coastal flood model, allowing them to assess coastal flood hazards under 
several sea-level rise, adaptation and development scenarios. The code used for this training is 
UHAINA, a high-performance nearshore wave model developed by French research organizations 
(see e.g. Filippini et al., 2018). Yet, the training also delivers an overview of codes available for flood 
modelling and some theoretical background on the equations and their formulation. UHAINA uses an 
open GIS software (QGIS) and Python codes for pre and post processing, and some basic knowledge 
in this area is required for this training. After the training, users in the Maldives were able to do a 
profile-flood study with UHAINA, including all pre and post processing, for different types of relevant 
events in the Maldives. This training was given for a first time with UHAINA in June 2021, and can be 
delivered and further improved by contacting the project coordinator, who will liaise with the 
UHAINA consortium. 

 
Reference: Filippini, A.G., De Brye, S., Perrier, V., Marche, F., Ricchiuto, M., Lannes, D. and Bonneton, 
P., 2018, May. UHAINA: A parallel high performance unstructured near-shore wave model. In 
Journées Nationales Génie Côtier-Génie Civil (Vol. 15, pp. 47-56). Editions Paralia. 
https://hal.inria.fr/hal-01824108/file/UHAINA_A_parallel_high_performance_unstructured_ad.pdf 
D4/F2: Interactive training material or service: a virtual training material for coastal adaptation in 
French Polynesia. A virtual training session has been developed to help French Polynesia 
stakeholders to build capacity in the area of climate services for coastal adaptation. The training 
includes: (1) basic knowledge and observations on tropical coasts; (2) methodologies for assessing 
impacts of climate change on tropical coasts; (3) approaches for adaptation to sea-level rise. The 
approaches that are presented in this training are directly inspired by the results of INSeaPTION. The 
training material is available here http://inseaption.eu/index.php/news/31-lancement-de-la- 
formation-en-polynesie-francaise. It has been developed as a substitute to face-to-face training, 
which was made impossible due to Covid19 travel restrictions. Yet it is not considered a sufficient 
feedback to Polynesian stakeholders to support efficiently capacity building in coastal adaptation 

http://inseaption.eu/index.php/news/31-lancement-de-la-
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E. Other results not falling into the above categories 
 

E1/F1-F2-F3: A network of stakeholders that can be mobilized to continue the development of a 
service. A network of Maldivian stakeholders: INSeaPTION has established a network of Maldivinan 
stakeholders that contributed to the development of two climate services in several co-development 
workshops conducted in the Maldives. This group includes stakeholders from the Ministries 
responsible for coastal adaptation (e.g. Infrastructure, Environment, etc.), firms that are involved in 
coastal protection planning and implementation as well as civil society. Building on the experiences 
in the INSeaPTION project, this network will be mobilized in further projects to improve and develop 
further coastal climate services. This network will continue to be active after INSeaPTION with 
external funding already acquired until 2024, but not covering all topics relevant to coastal 
adaptation in the Maldives (e.g., coastal flood and erosion hazards not covered). 

 
E1/F1: A network of stakeholders that can be mobilized to continue the development of a service. A 
network of Polynesian stakeholders: INSeaPTION has developed a network of Polynesian 
stakeholders concerned with sea-level rise, and who are co-developing four climate services, namely: 
critical infrastructures (stakeholders: harbor of Papeete, airport authorities in Faa and Polynesia); 
destabilization of beaches in high and low-lying islands (Tahiti, Tubuai, Tuamotus; stakeholders: 
French and Polynesian state, municipalities, associations, businesses); Professional training 
(stakeholders: different organisations in Polynesia, especially those concerned with risk prevention 
and climate adapatation, associations, etc.); Observatories (Stakeholders: Ademe and academic 
stakeholders in Polynesia as leaders, INSeaPTION providing elements on Sea-level rise and feedback 
from other observatories). 

 
E1/F2-F3: A network of stakeholders that can be mobilized to continue the development of a service. 
Global networks of decision makers concerned with global sea-level rise risks.: INSeaPTION has 
established a network of global stakeholders that have informed the development of two global 
climate services through participation in a user co-development user workshop in the Netherlands, 
and will contribute to refining these at a second workshop to be held in Berlin (or virtually due to 
current travel restrictions) in June 2020. This group consists of users facing decisions that rely on SLR 
information at world-regional or global scales, and includes stakeholders from development banks, 
utilities, as well as private sector multinational coastal engineering firms, and financial institutions, 
i.e., insurers and rating agencies, assessing coastal risks. Building on the experiences in INSeaPTION, 
this network is mobilized in H2020 projects PROTECT and CoCliCo to further develop coastal climate 
services for coastal adaptation applicable worldwide. 

 
E3: Resource for educational activities or capacity building not falling into the above categories this 
includes lecturing contributions to the Clivar summer schools on past, present and future sea level 
changes (Qingdao, China, 2018; http://www.clivar.org/events/clivar-fio-joint-summer-school-2018) 
and impacts Of Sea-Level Rise From Past To Present (ISLR18) (Utrecht,NL, 2018; 
http://www.islr18.org/). 

 

E4/F1: Others: Finally, the project is providing Emerging standard on sea-level information for 
stakeholders needs https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2018EF001071 

http://www.clivar.org/events/clivar-fio-joint-summer-school-2018)
http://www.islr18.org/)
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2018EF001071
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ISIPEDIA An Internet portal for multi-sectoral climate impacts 
 

The purpose of ISIPEDIA was to create an Internet portal to offer tailored access to multi-sectoral 
climate impacts assessments and data 

Lead PI: Frieler Katja, Potsdam Institute for Climate Impact Research, Germany 

Partner institutes: 
Karlsruhe Institute of Technology, Germany 
Global Climate Forum, Germany 
Senckenberg Biodiversity and Climate Research Centre, Germany 
Climate Analytics, Germany 
Institute of Physical Geography, Goethe University Frankfurt, Germany 
International Institute for Applied Systems Analysis, Austria 
Universidad Pablo de Olavide, Spain 
Universitat Autonoma de Barcelona, Spain 
Commissariat à l’Energie Atomique, France 
Utrecht University, The Netherlands 
Umeå Centre for Global Health Research, Department of Public Health and Clinical Medicine, Unit of 
Epidemiology and Global Health, Umeå University, Sweden 

 
Research funding agencies: DLR, BMWFW, MINECO, ANR, NWO, FORMAS 

 
 

A1: Articles in scientific peer-reviewed journal 
 

Title: Intergenerational inequities in exposure to climate extremes 
Authors: Thiery, W., Lange, S., Rogelj, J., Schleussner, C.-F., Gudmundsson, L., Seneviratne, S.I., 
Andrijevic, M., Frieler, K., Emanuel, K., Geiger, T., Bresch, D.N., Zhao, F., Willner, S.N., Büchner, M., 
Volkholz, J., Bauer, N., Chang, J., Ciais, P., Dury, M., François, L., Grillakis, M., Gosling, S.N., Hanasaki, 
N., Hickler, T., Huber, V., Ito, A., Jägermeyr, J., Khabarov, N., Koutroulis, A., Liu, W., Lutz, W., Mengel, 
M., Müller, C., Ostberg, S., Reyer, C.P.O., Stacke, T., Wada, Y. 
Journal: Science https://doi.org/10.1126/science.abi7339 
Short description: By developing a “cohort” perspective to quantify changes in lifetime exposure to 
climate extremes and compare across generations, we estimate that children born in 2020 will 
experience a two- to sevenfold increase in extreme events, particularly heat waves, compared with 
people born in 1960, under current climate policy pledges. Our results highlight a severe threat to 
the safety of young generations and call for drastic emission reductions to safeguard their future. 

 

Title: Human impact parameterizations in global hydrological models improve estimates of monthly 
discharges and hydrological extremes: a multi-model validation study. 
Authors: Veldkamp, T. I. E., Zhao, F., Ward, P. J., de Moel, H., Aerts, J. C. J. H., Müller Schmied, H., 
Portmann, F. T., Masaki, Y., Pokhrel, Y., Liu, X., Satoh, Y., Gerten, D., Gosling, S. N., Zaherpour, J., 
Wada, Y. 
Journal: Environmental Research Letters, https://doi.org/10.1088/1748-9326/aab96f 
Short description: Human activity has a profound influence on river discharges, hydrological 
extremes and water-related hazards. In this study, we compare the results of five state-of-the-art 
global hydrological models (GHMs) with observations to examine the role of human impact 
parameterizations (HIP) in the simulation of mean, high- and low-flows. 
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Title: Evapotranspiration simulations in ISIMIP2a - Evaluation of spatio-temporal characteristics with 
a comprehensive ensemble of independent datasets 
Journal: Environmental Research Letters, https://doi.org/10.1088/1748-9326/aac4bb 
Authors: Wartenburger, R., Seneviratne, S. I., Hirschi, M., Chang, J., Ciais, P., Deryng, D., Elliott, J., 
Folberth, C., Gosling, S. N., Gudmundsson, L., Henrot, A.-J., Hickler, T., Ito, A., Khabarov, N., Kim, H., 
Leng, G., Liu, J, Liu, X., Masaki, Y., Morfopoulus, C., Müller, C., Müller Schmied, H., Nishina, K., Orth, 
R., Pokhrel, Y., Pugh, T. A. M., Satoh, Y., Schaphoff, S., Schmid, E., Sheffield, J., Stacke, T., Steinkamp, 
J., Tang, Q., Thiery, W., Wada, Y., Wang, X., Weedon, G. P., Yang, H., Zhou, T. 
Short description: Actual land evapotranspiration (ET) is a key component of the global hydrological 
cycle and an essential variable determining the evolution of hydrological extreme events under 
different climate change scenarios. However, recently available ET products show persistent 
uncertainties that are impeding a precise attribution of human-induced climate change. Here, we 
aim at comparing a range of independent global monthly land ET estimates with historical model 
simulations from the global water, agriculture, and biomes sectors participating in the second phase 
of the Inter-Sectoral Impact Model Intercomparison Project (ISIMIP2a). 

 
Title: Worldwide evaluation of mean and extreme runoff from six global-scale hydrological models 
that account for human impacts 
Journal: Environmental Research Letters, https://doi.org/10.1088/1748-9326/aac547 
Authors: Zaherpour, J., Gosling, S. N., Mount, N., Müller Schmied, H., Veldkamp, T. I. E., Dankers, R., 
Eisner, S., Gerten, D., Gudmundsson, L., Haddeland, I., Hanasaki, N., Kim, H., Leng, G., Liu, J., Masaki, 
Y., Oki, T., Pokhrel, Y., Satoh, Y., Schewe, J., Wada, Y. 
Short description: Global-scale hydrological models are routinely used to assess water scarcity, flood 
hazards and droughts worldwide. Recent efforts to incorporate anthropogenic activities in these 
models have enabled more realistic comparisons with observations. Here we evaluate simulations 
from an ensemble of six models participating in the second phase of the Inter-Sectoral Impact Model 
Inter-comparison Project (ISIMIP2a). 

 
Title: Exploring the value of machine learning for weighted multi-model combination of an ensemble 
of global hydrological models 
Journal: Environmental Modelling and Software, 
https://doi.org/10.1016/j.envsoft.2019.01.003 
Authors: Zaherpour, J., Mount, N., Gosling, S.N., Dankers, R. Eisner, S., Gerten, D., Liu, X., Masaki, Y., 
Müller Schmied, H., Tang, Q., Wada, Y. 
Short description: This study presents a novel application of machine learning to deliver optimised, 
multi-model combinations (MMCs) of Global Hydrological Model (GHM) simulations. We exemplify 
the approach using runoff simulations from five GHMs across 40 large global catchments. 

 
Title: State-of-the-art global models underestimate impacts from climate extremes 
Journal: Nature Communications, https://doi.org/10.1038/s41467-019-08745-6 
Authors: Schewe, J., Gosling, S. N., Reyer, C., Zhao, F., Ciais, P., Elliott, J., Francois, L., Huber, V., Lotze, 
H. K., Seneviratne, S. I., van Vliet, M. T. H., Vautard, R., Wada, Y., Breuer, L., Büchner, M., Carozza, D. 
A., Chang, J., Coll, M., Deryng, D., de Wit, A., Eddy, T. D., Folberth, C., Frieler, K., Friend, A. D., Gerten, 
D., Gudmundsson, L., Hanasaki, N., Ito, A., Khabarov, N., Kim, H., Lawrence, P., Morfopoulos, C., 
Müller, C., Müller Schmied, H., Orth, R., Ostberg, S., Pokhrel, Y., Pugh, T. A. M., Sakurai, G., Satoh, Y., 
Schmid, E., Stacke, T., Steenbeek, J., Steinkamp, J., Tang, Q., Tian, H., Tittensor, D. P., Volkholz, J., 
Wang, X., Warszawski, L. 
Short description: Global impact models represent process-level understanding of how natural and 
human systems may be affected by climate change. Their projections are used in integrated 
assessments of climate change. Here we test, for the first time, systematically across many important 
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systems, how well such impact models capture the impacts of extreme climate conditions. Using the 
2003 European heat wave and drought as a historical analogue for comparable events in the future, 
we find that a majority of models underestimate the extremeness of impacts in important sectors 
such as agriculture, terrestrial ecosystems, and heat-related human mortality, while impacts on 
water resources and hydropower are overestimated in some river basins; and the spread across 
models is often large. 

 

Title: Multimodel assessments of human and climate impacts on mean annual streamflow in China 
Journal: Hydrology and Earth System Sciences, 
https://doi.org/10.5194/hess-23-1245-2019 
Authors: Liu, X., Liu, W., Yang, H., Tang, Q., Flörke, M., Masaki, Y., Müller Schmied, H., Ostberg, S., 
Pokhrel, Y., Satoh, Y., Wada, Y. 
Short description: Human activities, as well as climate variability, have had increasing impacts on 
natural hydrological systems, particularly streamflow. However, quantitative assessments of these 
impacts are lacking on large scales. In this study, we use the simulations from six global hydrological 
models driven by three meteorological forcings to investigate direct human impact (DHI) and climate 
impact on streamflow in China. 

 
Title: Climate change impact on water availability of main river basins in 
Ukraine. 
Journal: Journal of Hydrology: Regional Studies, 32:100761. doi:10.1016/j.ejrh.2020.100761. 
Authors: Didovets, I., Krysanova, V., Hattermann, F. F., Rivas López, M. d. R., Snizhko, S., & Müller 
Schmied, H. 
Short description: The main aim of this study was to provide an assessment of climate change 
impacts on water availability across Ukraine using global hydrological models. Six global hydrological 
models were evaluated for their performance in the historical period in the basins under study. 
Future river discharge was simulated by using the best performing model and all available models 
driven by bias-corrected GCM projections from the ISIMIP project under the RCP 2.6 and RCP 8.5 
scenarios. 

 
Title: Performance evaluation of global hydrological models in six large Pan-Arctic watersheds. 
Journal: Climatic Change, 163(3), 1329-1351. doi:10.1007/s10584-020-02892-2. 
Authors: Gädeke, A., Krysanova, V., Aryal, A., Chang, J., Grillakis, M., Hanasaki, N., Koutroulis, A., 
Pokhrel, Y., Satoh, Y., Schaphoff, S., Müller Schmied, H., Stacke, T., Tang, Q., Wada, Y., & Thonicke, K. 
Short description: Here we performed a systematic model performance evaluation in six major Pan- 
Arctic watersheds for different hydrological indicators (monthly and seasonal discharge, extremes, 
trends (or lack of), and snow water equivalent (SWE)) via a novel Aggregated Performance Index (API) 
that is based on commonly used statistical evaluation metrics. 

 
Title: Climate change reduces winter overland travel across the Pan-Arctic even under low-end global 
warming scenarios. 
Journal: Environmental Research Letters, 16(2), 024049. doi: 10.1088/1748-9326/abdcf2. 
Authors: Gädeke, A., M. Langer, J. Boike, E. J. Burke, J. Chang, M. Head, C. P. O. Reyer, S. Schaphoff, 
W. Thiery, and K. Thonicke 
Short description: Here we use, for the first time, four state-of-the-art Land Surface Models that 
explicitly consider ground freezing states, forced by a subset of bias-adjusted CMIP5 General 
Circulation Models to estimate the impact of different global warming scenarios (RCP2.6, 6.0, 8.5) on 
two modes of winter travel: overland travel days (OTDs) and ice road construction days (IRCDs). We 
show that OTDs decrease by on average −13% in the near future (2021–2050) and between −15% 
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(RCP2.6) and −40% (RCP8.5) in the far future (2070–2099) compared to the reference period (1971– 
2000) when 173 d yr−1 are simulated across the Pan-Arctic. 

 
Title: High resolution climate data for Europe. 
Journal: EnviDat. doi:10.16904/envidat.150. 
Authors: Karger, Dirk Nikolaus; Dabaghchian, Babek; Lange, Stefan; Thuiller, Wilfried; Zimmermann, 
Niklaus E.; Graham, Catherine H. 
Short description: Here we present downscaled climate data for the CORDEX EUR11 domain at a high 
resolution of 30 arc sec. The temperature algorithm is based on statistical downscaling of 
atmospheric temperature lapse rates. The precipitation algorithm incorporates orographic predictors 
including wind fields, valley exposition, and boundary layer height. The resulting data consist of a 
daily temperature and precipitation timeseries. 

 
Title: Projecting exposure to extreme climate impact events across six event categories and three 
spatial scales. 
Journal: Earth's Future, 8(12): e2020EF001616. doi:10.1029/2020EF001616. 
Authors: Lange, S., Volkholz, J., Geiger, T., Zhao, F., Vega, I., Veldkamp, T., Reyer, C. P. O., Warszawski, 
L., Huber, V., Jägermeyr, J., Schewe, J., Bresch, D. N., Büchner, M., Chang, J., Ciais, P., Dury, M., 
Emanuel, K., Folberth, C., Gerten, D., Gosling, S. N., Grillakis, M., Hanasaki, N., Henrot, A., Hickler, T., 
Honda, Y., Ito, A., Khabarov, N., Koutroulis, A., Liu, W., Müller, C., Nishina, K., Ostberg, S., Mueller 
Schmied, H., Seneviratne, S. I., Stacke, T., Steinkamp, J., Thiery, W., Wada, Y., Willner, S., Yang, H., 
Yoshikawa, M., Yue, C., & Frieler, K. 
Short description: Here we quantify the pure effect of historical and future climate change on the 
exposure of land and population to extreme climate impact events using an unprecedentedly large 
ensemble of harmonized climate impact simulations from the Inter-Sectoral Impact Model 
Intercomparison Project phase 2b. 

 
Title: One simulation, different conclusions - the baseline period makes the difference! 
Journal: Environmental Research Letters, 15(10): 104014. doi:10.1088/1748-9326/aba3d7. 
Authors: Liersch, S., Drews, M., Pilz, T., Salack, S., Sietz, D., Aich, V., Larsen, M. A. D., Gädeke, A., 
Halsnæs, K., Thiery, W., Huang, S., Lobanova, A., Koch, H., & Hattermann, F. F. 
Short description: Here we investigated the effects of different baseline periods on the interpretation 
of discharge simulations from eight river basins in the period 1960-2099. The simulations were 
forced by four bias-adjusted and downscaled Global Climate Models under two radiative forcing 
scenarios (RCP 2.6 and RCP 8.5). 

 

Title: Tackling unresolved questions in forest ecology: lessons learned from modeling and promising 
future paths. 
Journal: Ecology & Evolution. https://doi.org/10.1002/ece3.7391 
Authors: Marechaux I, F Langerwisch, A Huth, HKM Bugmann, X Morin, CPO Reyer, R Seidl, A Collalti, 
M Dantas de Paula, R Fischer, M Gutsch, MJ Lexer, H Lischke, A Rammig, E Rödig, B Sakschewski, F 
Taubert, K Thonicke, G Vacchiano, FJ Bohn 
Short description: This overview shows that forest models, due to their complementarity and mutual 
enrichment, represent an invaluable toolkit to address a wide range of fundamental and applied 
ecological questions, hence fostering a deeper understanding of forest dynamics in the context of 
global change. 

 
Title: Event-based models to understand the scale of the impact of extremes [Comment]. 
Journal: Nature Energy, 5(2), 111-114. doi:10.1038/s41560-020-0562-4. 
Authors: Otto, C., Piontek, F., Kalkuhl, M., & Frieler, K. 
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Short description: Climate change entails an intensification of extreme weather events that can 
potentially trigger socioeconomic and energy system disruptions. As we approach 1 °C of global 
warming we should start learning from historical extremes and explicitly incorporate such events in 
integrated climate–economy and energy systems models. 

 

Title: Climate Extreme Versus Carbon Extreme: Responses of Terrestrial Carbon Fluxes to 
Temperature and Precipitation. 
Journal: Journal of Geophysical Research: Biogeosciences, 125(4): e2019JG005252. 
doi:10.1029/2019JG005252. 
Authors: Pan, S., Yang, J., Tian, H., Shi, H., Chang, J., Ciais, P., Francois, L., Frieler, K., Fu, B., Hickler, T., 
Ito, A., Nishina, K., Ostberg, S., Reyer, C. P. O., Schaphoff, S., Steinkamp, J., & Zhao, F. 
Short description: To reveal the patterns of how climate extremes influence terrestrial carbon fluxes, 
we analyzed the interannual variations in ecosystem carbon fluxes simulated by the Terrestrial 
Biosphere Models (TBMs) in the Inter-Sectoral Impact Model Intercomparison Project. 

 
Title: Climate signals in river flood damages emerge under sound regional disaggregation 
Journal: Nature Communications 12 1 https://doi.org/10.1038/s41467-021-22153-9 
Authors: Sauer I J, Reese R, Otto C, Geiger T, Willner S N, Guillod B P, Bresch D N and Frieler K 
Short description: Here, we investigate whether its signals are already detectable in reported river 
flood damages. We develop an empirical model to reconstruct observed damages and quantify the 
contributions of climate and socio-economic drivers to observed trends. We show that, on the level 
of nine world regions, trends in damages are dominated by increasing exposure and modulated by 
changes in vulnerability, while climate-induced trends are comparably small and mostly statistically 
insignificant, with the exception of South & Sub-Saharan Africa and Eastern Asia. 

 

Title: Global heat uptake by inland waters. 
Journal: Geophysical Research Letters, 47(12): e2020GL087867. doi:10.1029/2020GL087867. 
Authors: Vanderkelen, I., Lipzig, N. P. M., Lawrence, D. M., Droppers, B., Golub, M., Gosling, S. N., 
Janssen, A. B. G., Marcé, R., Müller Schmied, H., Perroud, M., Pierson, D., Pokhrel, Y., Satoh, Y., 
Schewe, J., Seneviratne, S. I., Stepanenko, V. M., Tan, Z., Woolway, R. I., & Thiery, W. 
Short description: Here we use a unique combination of global-scale lake models, global hydrological 
models and Earth system models to quantify global heat uptake by natural lakes, reservoirs, and 
rivers. 

 

Title: Reducing uncertainties of future global soil carbon responses to climate and land use change 
withemergent constraints. 
Journal: Global Biogeochemical Cycles, 34(10): e2020GB006589. 
doi:10.1029/2020GB006589. 
Authors: Xu, W., Chang, J., Ciais, P., Guenet, B., Viovy, N., Ito, A., Reyer, C. P. O., Tain, H., Shi, H., 
Frieler, K., Forrest, M., Ostberg, S., Schaphoff, S., & Hickler, T. 
Short description: Here, we analyze regional and global ΔSOC from 1861 to 2099 based on five 
terrestrial biosphere model (TBM) simulations of the Inter-Sectoral Impact Model Intercomparison 
Project Phase 2b. 

 

Title: Impacts of climate change on energy systems in global and regional scenarios. 
Journal: Nature Energy, 5(10), 794-802. https://doi.org/10.1038/s41560-020-0664-z. 
Authors: Yalew, S. G., van Vliet, M. T. H., Gernaat, D. E. H. J., Ludwig, F., Miara, A., Park, C., Byers, E., 
De Cian, E., Piontek, F., Iyer, G., Mouratiadou, I., Glynn, J., Hejazi, M., Dessens, O., Rochedo, P., 
Pietzcker, R. C., Schaeffer, R., Fujimori, S., Dasgupta, S., Mima, S., da Silva, S. R. S., Chaturvedi, V., 
Vautard, R., & van Vuuren, D. P. 
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Short description: Here, we analyse results of 220 studies projecting climate impacts on energy 
systems globally and at the regional scale. Our assessment shows that climate impacts on energy 
systems at regional and global scales are uncertain due partly to the wide range of methods and non- 
harmonized datasets used. For a comprehensive assessment of climate impacts on energy, we 
propose a consistent multi-model assessment framework to support regional-to-global-scale energy 
planning. 

 

Title: Climate change impact on renewable energy supply. 
Journal: Nature Climate Change 11, pages 119–125 (2021) https://doi.org/10.1038/s41558-020- 
00949-9 
Authors: David E. H. J. Gernaat, Harmen Sytze de Boer, Vassilis Daioglou, Seleshi G. Yalew, Christoph 
Müller & Detlef P. van Vuuren 
Short description: Here we use climate and integrated assessment models to estimate this effect on 
key renewables. Future potential and costs are quantified across two warming scenarios for eight 
technologies: utility-scale and rooftop photovoltaic, concentrated solar power, onshore and offshore 
wind energy, first-generation and lignocellulosic bioenergy, and hydropower. The generated cost– 
supply curves are then used to estimate energy system impacts. 

 
Title: How evaluation of global hydrological models can help to improve credibility of river discharge 
projections under climate change. 
Journal: Climatic Change 163, 1353-1377, doi: 10.1077/s10584-020-02840-0. 
Authors: Krysanova, V., Zaherpour, J., Didovets, I., Gosling, S.N., Gerten, D., Hanasaki, N., Müller 
Schmied, H., Pokhrel, Y., Satoh, Y., Tang, Q., Wada, Y. 
Short description: The main objective of this study is to evaluate the performance of six gHMs in 
simulating observed discharge for a set of 57 large catchments applying common metrics with 
thresholds for the monthly and seasonal dynamics and summarize them estimating an aggregated 
index of model performance for each model in each basin. 

 
Title: A global-scale analysis of water storage dynamics of inland wetlands: Quantifying the impacts 
of human water use and man-made reservoirs as well as the unavoidable and avoidable impacts of 
climate change. 
Journal: Ecohydrology 13 (1), e2175, doi: 10.1002/eco.2175. 
Authors: Döll, P., Trautmann, T., Göllner, M., Müller Schmied, H. 
Short description: For 5.1 million km2 of inland wetlands, the dynamics of area and water storage, 
which strongly impact biodiversity and ecosystem services, were simulated using the global 
hydrological model WaterGAP. Using output of three climate models, CC impacts on wetlands were 
quantified, distinguishing unavoidable impacts [i.e., at 2 °C global warming (GW)] from avoidable 
impacts (difference between 3 °C and 2 °C impacts). 

 
Title: Globally observed trends in mean and extreme river flow attributed to climate change 
Journal: Science 12 Mar 2021 Vol. 371, Issue 6534, pp. 1159-1162 
DOI: 10.1126/science.aba3996 
Authors: Gudmundsson, L., Boulange, J., Do, H.X., Gosling, S.N., Grillakis, M.G., Koutroulis, A.G., 
Leonard, M., Liu, J., Müller Schmied, H., Papadimitriou, L., Pokhrel, Y., Seneviratne, S.I., Satoh, Y., 
Thiery, W., Westra, S., Zhang, X., Zhao, F. 
Short description: Here, we analyze time series of low, mean, and high river flows from 7250 
observatories around the world covering the years 1971 to 2010. We identify spatially complex trend 
patterns, where some regions are drying and others are wetting consistently across low, mean, and 
high flows. Trends computed from state-of-the-art model simulations are consistent with the 
observations only if radiative forcing that accounts for anthropogenic climate change is considered. 
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Simulated effects of water and land management do not suffice to reproduce the observed trend 
pattern. Thus, the analysis provides clear evidence for the role of externally forced climate change as 
a causal driver of recent trends in mean and extreme river flow at the global scale. 

 

Title: Uncertainty of simulated groundwater recharge at different global warming levels: a global- 
scale multi-model ensemble study 
Journal: Hydrol. Earth Syst. Sci., 25, 787–810, 2021 
https://doi.org/10.5194/hess-25-787-2021 
Authors: Reinecke, R., Müller Schmied, H., Trautmann, T., Andersen, L.S., Burek, P., Flörke, M., 
Gosling, S.N., Grillakis, M., Hanasaki, N., Koutroulis, A., Pokhrel, Y., Thiery, W., Wada, Y., Satoh, Y., 
Döll, P. 
Short description: This study investigates uncertainties in groundwater recharge projections using a 
multi-model ensemble of eight global hydrological models (GHMs) that are driven by the bias- 
adjusted output of four global circulation models (GCMs). Pre-industrial and current groundwater 
recharge values are compared with recharge for different global warming (GW) levels as a result of 
three representative concentration pathways (RCPs). Results suggest that projected changes strongly 
vary among the different GHM–GCM combinations, and statistically significant changes are only 
computed for a few regions of the world. 

 
Title: Global terrestrial water storage and drought severity under climate change 
Journal: Nature Climate Change 11, pages 226–233 (2021) 
https://doi.org/10.1038/s41558-020-00972-w 
Authors: Pokhrel, Y., Felfelani, F., Satoh, Y., Boulange, J., Burek, P., Gädeke, A., Gerten, D., Gosling, 
S.N., Grillakis, M., Gudmundsson, L., Hanasaki, N., Kim, H., Koutroulis, A., Liu, J., Papadimitriou, L., 
Schewe, J., Müller Schmied, H., Stacke, T., Telteu, C.-E., Thiery, W., Veldkamp, T., Zhao, F., Wada, Y. 
Short description: Here, using ensemble hydrological simulations, we show that climate change could 
reduce TWS in many regions, especially those in the Southern Hemisphere. Strong inter-ensemble 
agreement indicates high confidence in the projected changes that are driven primarily by climate 
forcing rather than land and water management activities. Declines in TWS translate to increases in 
future droughts. By the late twenty-first century, the global land area and population in extreme-to- 
exceptional TWS drought could more than double, each increasing from 3% during 1976–2005 to 7% 
and 8%, respectively. Our findings highlight the importance of climate change mitigation to avoid 
adverse TWS impacts and increased droughts, and the need for improved water resource 
management and adaptation. 

 

Title: Climate change impact on water availability of main river basins in Ukraine 
Journal: Journal of Hydrology: Regional Studies, 32, 2020 
https://doi.org/10.1016/j.ejrh.2020.100761 
Authors: Didovets, I., Krysanova, V., Hattermann, F.F., Rivas López, M.d.R., Snizhko, S., Müller 
Schmied, H. 
Short description: The main aim of this study was to provide an assessment of climate change 
impacts on water availability across Ukraine using global hydrological models. Six global hydrological 
models were evaluated for their performance in the historical period in the basins under study. 
Future river discharge was simulated by using the best performing model and all available models 
driven by bias-corrected GCM projections from the ISIMIP project under the RCP 2.6 and RCP 8.5 
scenarios. 

 
Title: Understanding each other's models: a standard representation of global water models to 
support improvement, intercomparison, and communication 
Journal: Geoscientific model development (accepted) 
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Authors: Telteu, C.-E., Müller Schmied, H., Thiery, W., Leng, G., Burek, P., Liu, X., Boulange, J. E. S., 
Seaby Andersen, L., Grillakis, M., Gosling, S. N., Satoh, Y., Rakovec, O., Stacke, T., Chang, J., Wanders, 
N., Shah, H. L., Trautmann, T., Mao, G., Hanasaki, N., Koutroulis, A., Pokhrel, Y., Samaniego, L., Wada, 
Y., Mishra, V., Liu, J., Döll, P., Zhao, F., Gädeke, A., Rabin, S., and Herz, F. 
Short description: This study provides a comprehensive overview of how state-of-the-art GWMs are 
designed. We analyze water storage compartments, water flows, and human water use sectors 
included in 16 GWMs that provide simulations for the Inter-Sectoral Impact Model Intercomparison 
Project phase 2b (ISIMIP2b). We develop a standard writing style for the model equations to further 
enhance model improvement, intercomparison, and communication. Our results highlight that the 
predictive uncertainty of GWMs can be reduced through improvements of the existing hydrologic 
processes, implementation of new processes in the models, and high-quality input data. 

 

Title: Uncertainty and bias in global to regional scale assessments of current and future coastal flood 
risk 
Journal: Earth's Future (in review) 
Authors: Hinkel, J., Feyen, L., Hemer, M., LeCozannet, G., Lincke, D., Marcus, M., Mentaschi, 
L.,Merkens, J., de Moel, H., Muis, S., Nicholls, R., Vafeidis, A., van de Wal, R., Vousdoukas, M., Wahl, 
T., Ward, P., Wolff, C. 
Short description: One of the main impacts of climate change is sea-level rise leading to more 
frequent flooding of low lying coastal areas through higher tides, storm surges and waves. A key 
requirement for assessing current and future coastal flood risk is that they consider all major 
uncertainties in models, methods and data applied, because the 
failure to do so may lead to poor policy outcomes. So far, this key requirement has not been met. To 
address this limitation, this paper provides the first comparative assessment of uncertainties in 
global to world-regional scale studies of current and future coastal flood risks based on the published 
literature. 

 
Title: Unravelling the Importance of Uncertainties in Global-Scale Coastal Flood Risk Assessments 
under Sea Level Rise. 
Journal: Water 13(6), 774. https://doi.org/10.3390/w13060774). 
Authors: Rohmer, J., Lincke, D., Hinkel, J., Cozannet, L., Lambert, E., Vafeidis, A.T. 
Short description: Using the coastal flood module of the Dynamic Interactive Vulnerability 
Assessment modelling framework, we extensively explore the impact of scenario, data and model 
uncertainties in a global manner, i.e., by considering a large number (>2000) of simulation results. 

 

Title: Projecting the risk of mosquito-borne diseases in a warmer and more populated world: a multi- 
model multi-scenario intercomparison modelling study. 
Journal: Lancet Planetary Health (2021, in press) 
Authors: Colón-González F, Sewe M, Tompkins A, Sjödin H, Casallas, Rocklöv J, Caminade C, Lowe R. 
Short description: We project the risk of malaria and dengue for 4 RCP 
and 3 SSP scenarios using a multi climate-model and multi disease-model approach. Based on our 
findings, increased control efforts and surveillance should focus in tropical high-altitude regions in 
Africa for malaria, and over low elevation semi-temperate and temperate urban regions for dengue, 
without neglecting urban hotspots in tropical climates. 

 

Title: The burden of heat-related mortality attributable to recent 
human-induced climate change. 
Journal: Nature Climate Change, 11, 492–500. https://www.nature.com/articles/s41558-021-01058- 
x 
Authors: Vicedo-Cabrera, A.M., Scovronick, N., V. Huber, M. Mengel, Sera, F. et al. 

http://www.nature.com/articles/s41558-021-01058-
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Short description: Here, we use empirical data from 732 locations in 43 countries to estimate the 
mortality burdens associated with the additional heat exposure that has resulted from recent 
human-induced warming, during the period 1991–2018. Across all study countries, we find that 37.0% 
(range 20.5–76.3%) of warm-season heat-related deaths can be attributed to anthropogenic climate 
change and that increased mortality is evident on every continent. 

 
Title: Evaluation of the ERA5 reanalysis-based Universal Thermal Climate 
Index on mortality data in Europe 
Journal: Environmental Research, Volume 198,2021,111227, ISSN 
0013-9351, https://doi.org/10.1016/j.envres.2021.111227 
Authors: Ales Urbana, Claudia Di Napoli, Hannah L. Cloke, Jan Kyselý, Florian Pappenberger, 
Francesco Sera, Rochelle Schneider, Ana M. Vicedo-Cabrera, Fiorella Acquaotta, Martina S. Ragettli, 
Carmen Iniguez, Aurelio Tobias, Ene Indermitte, Hans Orru, Jouni J.K. Jaakkola, Niilo R.I. Ryti, 
Mathilde Pascal, Veronika Huber, Alexandra Schneider, Francesca de’ Donato, Paola Michelozzi, 
Antonio Gasparrini 
Short description: In this study, we explored the potential of the Universal Thermal Climate Index 
(UTCI) based on ERA5 – the latest global climate reanalysis from the European Centre for Medium- 
Range Weather Forecasts (ECMWF) – as a health-related tool. Employing a novel ERA5-based 
thermal comfort dataset ERA5-HEAT, we investigated the relationships between the UTCI and daily 
mortality data in 21 cities across 9 European countries. 

 

Title: Temperature-related excess mortality in German cities at 2°C and higher degrees of global 
warming. 
Journal: Environmental Research, 
https://doi.org/10.1016/j.envres.2020.109447 
Authors: Huber, V., Krummenauer, L, Peña-Ortiz, C., Lange, S., Gasparrini, A., Vicedo-Cabrera, A.M., 
Garcia-Herrera, R., Frieler, K. 
Short description: Investigating future changes in temperature-related mortality as a function of 
global mean temperature (GMT) rise allows for the evaluation of policy-relevant climate change 
targets. So far, only few studies have taken this approach, and, in particular, no such assessments 
exist for Germany, the most populated country of Europe. We assess temperature-related mortality 
in 12 major German cities based on daily time-series of all-cause mortality and daily mean 
temperatures in the period 1993–2015, using distributed-lag non-linear models in a two-stage design. 

 

Title: Taking globally consistent health impact projections to the next level. 
Journal: Lancet Planetary Health (in press) 
Authors: Rocklöv J, Huber V, Bowen K, Paul R. 
Short description: This is article is part of the Lancet Planetary Health Special Issue coordinated by 
the ISIMIP Health Sector coordinators Joacim Rocklöv and Veronika Huber. We give an overview of 
projections of climate impacts on human health. 

 

Title: Global, regional and national burden of mortality associated with non-optimal ambient 
temperatures from 2000 to 2019. 
Journal: Lancet Planetary Health, accepted (Special Issue) 
Authors: Zhao, Q., Huber, V. et al. 
Short description: In recent studies, only 12 mortality causes’ data from 8 countries (6 in Americas) 
have been in use and spatio-temporal variation in the exposure-response curves have not been 
accounted for. Estimations have been done only at the global and national levels and in low 
resolution. To overcome this, we use big data analysis using data from the Multi-Country Multi-City 
(MCC) Collaborative Research Network including data from 750 locations in 43 countries/regions 
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(46.3% of the world’s population) to estimate the global mortality burden associated with sub- 
optimal temperature. 

 
Title: Global projections of temperature-attributable mortality due to enteric infections: an 
aetiology-specific modelling approach. 
Journal: Lancet Planetary Health, accepted (Special Issue) 
Authors: Paul LC Chua, Veronika Huber, Chris Fook Sheng Ng, 
Xerxes T. Seposo, Lina Madaniyazi, Simon Hales, Alistair Woodward, Masahiro Hashizume 
Short description: This study did aetiology-specific approach in projecting temperature-related 
mortality due to enteric infections in a global-level, using 10 enteric infection aetiologies modelled by 
IHME-GBD. 

 

Title: Historical and future changes in global flood-magnitude - evidence from a model-observation 
investigation 
Journal: Hydrology and Earth System Sciences, https://doi.org/10.5194/hess-24-1543-2020 
Authors: Do, H.X., Zhao, F., Westra, S., Leonard, M., Gudmundsson, L., Boulange, J.E.S., Chang, J., 
Ciais, P., Gerten, D., Gosling, S.N., Müller Schmied, H., Stacke, T., Telteu, C.-E., Wada, Y. 
Short description: To improve the understanding of trends in extreme flows related to flood events 
at the global scale, historical and future changes of annual maxima of 7 d streamflow are investigated, 
using a comprehensive streamflow archive and six global hydrological models. 

 

Title: Global ensemble projections reveal trophic amplification of ocean biomass declines with 
climate change 
Journal: Proceedings of the National Academy of Sciences of the United States of America 
https://doi.org/10.1073/pnas.1900194116 
Authors: Heike K. Lotze, Derek P. Tittensor, Andrea Bryndum-Buchholz, Tyler D. Eddy, William W. L. 
Cheung, Eric D. Galbraith, Manuel Barange, Nicolas Barrier, Daniele Bianchi, Julia L. Blanchard, 
Laurent Bopp, Matthias Büchner, Catherine M. Bulman, David A. Carozza, Villy Christensen, Marta 
Coll, John P. Dunne, Elizabeth A. Fulton, Simon Jennings, Miranda C. Jones, Steve Mackinson, Olivier 
Maury, Susa Niiranen, Ricardo Oliveros-Ramos, Tilla Roy, José A. Fernandes, Jacob Schewe, Yunne-Jai 
Shin, Tiago A. M. Silva, Jeroen Steenbeek, Charles A. Stock, Philippe Verley, Jan Volkholz, Nicola D. 
Walker, and Boris Worm 
Short description: While the physical dimensions of climate change are now routinely assessed 
through multimodel intercomparisons, projected impacts on the global ocean ecosystem generally 
rely on individual models with a specific set of assumptions. To address these single-model 
limitations, we present standardized ensemble projections from six global marine ecosystem models 
forced with two Earth system models and four emission scenarios with and without fishing. 

 
Title: Linked sustainability challenges and trade-offs among fisheries, aquaculture and agriculture 
Journal: Nature Ecology and Evolution, 
https://doi.org/10.1038/s41559-017-0258-8 
Authors: Julia L. Blanchard, Reg A. Watson, Elizabeth A. Fulton, Richard S. Cottrell, Kirsty L. Nash, 
Andrea Bryndum-Buchholz, Matthias Büchner, David A. Carozza, William W. L. Cheung, Joshua Elliott, 
Lindsay N. K. Davidson, Nicholas K. Dulvy, John P. Dunne, Tyler D. Eddy, Eric Galbraith, Heike K. Lotze, 
Olivier Maury, Christoph Müller, Derek P. Tittensor and Simon Jennings 
Short description: Fisheries and aquaculture make a crucial contribution to global food security, 
nutrition and livelihoods. However, the UN Sustainable Development Goals separate marine and 
terrestrial food production sectors and ecosystems. To sustainably meet increasing global demands 
for fish, the interlinkages among goals within and across fisheries, aquaculture and agriculture 
sectors must be recognized and addressed along with their changing nature. We assess and highlight 
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development challenges for fisheries-dependent countries based on analyses of interactions and 
trade-offs between goals focusing on food, biodiversity and climate change. 

 
Title: Twenty‐first‐century climate change impacts on marine animal biomass and ecosystem 
structure across ocean basins 
Journal: Global Change Biology, https://doi.org/10.1111/gcb.14512 
Authors: Andrea Bryndum‐Buchholz, Derek P. Tittensor, Julia L. Blanchard, William W. L. Cheung, 
Marta Coll, Eric D. Galbraith, Simon Jennings, Olivier Maury, Heike K. Lotze 
Short description: Climate change effects on marine ecosystems include impacts on primary 
production, ocean temperature, species distributions, and abundance at local to global scales. These 
changes will significantly alter marine ecosystem structure and function with associated socio‐ 
economic impacts on ecosystem services, marine fisheries, and fishery‐dependent societies. Yet how 
these changes may play out among ocean basins over the 21st century remains unclear, with most 
projections coming from single ecosystem models that do not adequately capture the range of 
model uncertainty. We address this by using six marine ecosystem models within the Fisheries and 
Marine Ecosystem Model Intercomparison Project (Fish‐MIP) to analyze responses of marine animal 
biomass in all major ocean basins to contrasting climate change scenarios. 

 
Title: Disentangling diverse responses to climate change among global marine ecosystem models. 
Journal: Progress in Oceanography (submitted) 
Authors: Ryan F. Heneghan, Eric Galbraith, Julia L. Blanchard, Cheryl Harrison, Nicolas Barrier, 
Catherine Bulman, William Cheung, Marta Coll, Tyler D. Eddy, Maite Erauskin-Extramiana, Jason D. 
Everett, Jose A. Fernandes-Salvador, Didier Gascuel, Jerome Guiet, Olivier Maury, Juliano Palacios- 
Abrantes, Colleen M. Petrik, Hubert du Pontavice, Anthony J. Richardson, Jeroen Steenbeek, Travis C. 
Tai, Jan Volkholz, Phoebe A. Woodworth-Jefcoats, Derek P. Tittensor. 
Short description: This paper makes the first comprehensive, multi-factor study of the Fish-MIP 
models. The results reveal important dependences on model input variables and unexpected sources 
of variation that will greatly aid in model improvement for future rounds of ISI-MIP. 

 
 

Title: Marine wild-capture fisheries after nuclear war. 
Journal: Proceedings of the National Academy of Sciences Nov 2020, 117 (47) 29748-29758; DOI: 
10.1073/pnas.2008256117. 
Authors: Kim J. N. Scherrer, Cheryl S. Harrison, Ryan F. Heneghan, Eric Galbraith, Charles G. Bardeen, 
Joshua Coupe, Jonas Jägermeyr, Nicole S. Lovenduski, August Luna, Alan Robock, Jessica Stevens, 
Samantha Stevenson, Owen B. Toon, Lili Xia 
Short description: This paper introduced a new type of climate shock to marine ecosystem model 
simulations: the response to abrupt cooling caused by nuclear war. The results provide a very useful 
contrast with climate warming simulatinos that gives insight on model uncertainty and mechanisms 
of change, very helpful for interpreting future climate scenarios. 

 

Title: Differing marine animal biomass shifts under 21st century climate change between Canada’s 
three oceans 
Journal: FACETS, https://doi.org/10.1139/facets-2019-0035 
Authors: Andrea Bryndum-Buchholz, Faelan Prentice, Derek P. Tittensor, Julia L. Blanchard, William 
W.L. Cheung, Villy Christensen, Eric D. Galbraith, Olivier Maury, Heike K. Lotze 
Short description: Using an ensemble of six global marine ecosystem models we analyzed marine 
ecosystem responses to climate change from 1971 to 2099 in Canada’s Exclusive Economic Zone (EEZ) 
under four standardized emissions scenarios. 
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Title: Climate change impacts on marine ecosystems through the lens of the size spectrum 
Journal: Emerging Topics in Life Sciences3, no. 2 (2019): 233-243. 
Authors: Heneghan, Ryan F., Ian A. Hatton, and Eric D. Galbraith. 
Short description: This paper reviews the impacts of climate change on marine ecosystems according 
to the size spectrum approach, which underlies most of the global FishMIP models used in ISIpedia. 

 
Title: Current needs for climate services in West Africa: Results from two stakeholder surveys 
Journal: Climate Services, https://doi.org/10.1016/j.cliser.2020.100166 
Authors: Sultan, B., Lejeune, Q., Menke, I., Maskell, G., Lee, K., Noblet, M., Sy, I., Roudier, P. 
Short description: This study by ISIpedia in conjunction with CLIMAP, a Senegalese initiative that will 
provide climate projections designed especially for the agriculture sector, assesses the current needs 
of climate services in West Africa and provides implications for development of future climate 
services. The results were drawn from two different surveys conducted by the two initiatives with 
the aim of understanding the state of climate service use in the region and identifying design 
principles for effective climate services. 

 

Title: Tree Mortality Submodels Drive Simulated Long-Term Forest Dynamics: Assessing 15 Models 
from the Stand to Global Scale. 
Journal: ECOSPHERE, https://doi.org/10.1002/ecs2.2616 
Authors: Bugmann, Harald, Rupert Seidl, Florian Hartig, Friedrich Bohn, Josef Brůna, Maxime 
Cailleret, Louis François, Christopher Reyer, et al. 
Short description: Models are pivotal for assessing future forest dynamics under the impacts of 
changing climate and management practices, incorporating representations of tree growth, mortality, 
and regeneration. Quantitative studies on the importance of mortality submodels are scarce. We 
evaluated 15 dynamic vegetation models (DVMs) regarding their sensitivity to different formulations 
of tree mortality under different degrees of climate change. 

 
Title: Towards a new generation of trait-flexible vegetation models. 
Journal: Trends in Ecology & Evolution, 
https://doi.org/10.1016/j.tree.2019.11.006 
Authors: Berzaghi F, FJ Bohn, K Kramer, S Oddou-Muratorio, CPO Reyer, S Sabaté, TGM Sanders, IJ 
Wright, F Hartig 
Short description: Plant trait variability, emerging from eco-evolutionary dynamics that range from 
alleles to macroecological scales, is one of the most elusive, but possibly most consequential, aspects 
of biodiversity. Plasticity, epigenetics, and genetic diversity are major determinants of how plants will 
respond to climate change, yet these processes are rarely represented in current vegetation models. 
Here, we provide an overview of the challenges associated with understanding the causes and 
consequences of plant trait variability, and review current developments to include plasticity and 
evolutionary mechanisms in vegetation models. 

 
Title: Testing bias adjustment methods for regional climate change applications under observational 
uncertainty and resolution mismatch 
Journal: Atmospheric Science Letters, https://doi.org/10.1002/asl.978 
Authors: A. Casanueva, S. Herrera, M. Iturbide, S. Lange, M. Jury, A. Dosio, D. Maraun und J. M. 
Gutiérrez 
Short description: Systematic biases in climate models hamper their direct use in impact studies and, 
as a consequence, many statistical bias adjustment methods have been developed to calibrate model 
outputs against observations. The application of these methods in a climate change context is 
problematic since there is no clear understanding on how these methods may affect key magnitudes, 
for example, the climate change signal or trend, under different sources of uncertainty. Two relevant 



153 

 

 

 
 

sources of uncertainty, often overlooked, are the sensitivity to the observational reference used to 
calibrate the method and the effect of the resolution mismatch between model and observations 
(downscaling effect). In the present work, we assess the impact of these factors on the climate 
change signal of temperature and precipitation considering marginal, temporal and extreme aspects. 

 

Title: Adjusting Climate Model Bias for Agricultural Impact Assessment: How to Cut the Mustard. 
Journal: Climate Services, https://doi.org/10.1016/j.cliser.2019.01.004 
Authors: Galmarini, S., A.J. Cannon, A. Ceglar, O.B. Christensen, N. de Noblet-Ducoudré, F. Dentener, 
F.J. Doblas-Reyes, S. Lange, et al. 
Short description: The relevance of the agricultural sector in sustaining society, as well as the threats 
presented by climate change, require cautious use of modelling systems and the possibility of 
controlling the quality of the modelling chains at each step. The verification of the quality of the 
different components that lead to an impact assessment is of paramount importance when the 
assessment is used as a tool for policy or decision making. That is the case of climate model 
projections used to for agricultural impact assessments. Bias-adjustment of climate model data 
requires credible simulations and will have to produce self consistent adjustment of variables given 
the high sensitivity of crop models to input data. A survey of the problem and the proposed activities 
in an attempt to improve the quality of the modeling chain have been presented and are currently 
being carried out as results of a workshop held in 2017. 

 
Title: WFDE5: bias-adjusted ERA5 reanalysis data for impact studies. 
Journal: Earth System Science Data, 12(3), 2097-2120. doi:10.5194/essd-12-2097-2020. 
Authors: Cucchi, M., Weedon, G. P., Amici, A., Bellouin, N., Lange, S., Müller Schmied, H., Hersbach, 
H., & Buontempo, C. 
Short description: The WFDE5 dataset has been generated using the WATCH Forcing Data (WFD) 
methodology applied to surface meteorological variables from the ERA5 reanalysis. The WFDEI 
dataset had previously been generated by applying the WFD methodology to ERA-Interim. The 
WFDE5 is provided at 0.5∘ spatial resolution but has higher temporal resolution (hourly) compared to 
WFDEI (3-hourly). It also has higher spatial variability since it was generated by aggregation of the 
higher-resolution ERA5 rather than by interpolation of the lower-resolution ERA-Interim data. 

 
Title: Pronounced and unavoidable impacts of low-end global warming on northern high-latitude 
land ecosystems. 
Journal: Environmental Research Letters, 
https://doi.org/10.1088/1748-9326/ab702b 
Authors: Ito A, CPO Reyer, A Gädeke, P Ciais, J Chang, M Chen, L François, M Forrest, T Hickler, S 
Ostberg, H Shi, W Thiery, H Tian 
Short description: Arctic ecosystems are particularly vulnerable to climate change because of Arctic 
amplification. Here, we assessed the climatic impacts of low-end, 1.5 °C, and 2.0 °C global 
temperature increases above pre-industrial levels, on the warming of terrestrial ecosystems in 
northern high latitudes(NHL, above 60 °N including pan-Arctic tundra and boreal forests) under the 
framework of the Inter-Sectoral Impact Model Intercomparison Project phase 2b protocol. We 
analyzed the simulated changes of net primary productivity, vegetation biomass, and soil carbon 
stocks of eight ecosystem models that were forced by the projections of four global climate models 
and two atmospheric greenhouse gas pathways (RCP2.6 and RCP6.0). 

 
Title: Trend-preserving bias adjustment and statistical downscaling with ISIMIP3BASD 
Journal: Geoscientific Model Development, https://doi.org/10.5194/gmd-12-3055-2019 
Authors: Lange, S. 
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Short description: In this paper I present new methods for bias adjustment and statistical 
downscaling that are tailored to the requirements of the Inter-Sectoral Impact Model 
Intercomparison Project (ISIMIP). In comparison to their predecessors, the new methods allow for a 
more robust bias adjustment of extreme values, preserve trends more accurately across quantiles, 
and facilitate a clearer separation of bias adjustment and statistical downscaling. The new statistical 
downscaling method is stochastic and better at adjusting spatial variability than the old interpolation 
method. Improvements in bias adjustment and trend preservation are demonstrated in a cross- 
validation framework. 

 
Title: Forest Carbon Allocation Modelling under Climate Change 
Journal: Tree Physiology, https://doi.org/10.1093/treephys/tpz105 
Authors: Merganičová, Katarína, Ján Merganič, Aleksi Lehtonen, Giorgio Vacchiano, Maša Zorana 
Ostrogović Sever, Andrey L D Augustynczik, Rüdiger Grote, Christopher Reyer, et al. 
Short description: Carbon allocation plays a key role in ecosystem dynamics and plant adaptation to 
changing environmental conditions. Hence, proper description of this process in vegetation models is 
crucial for the simulations of the impact of climate change on carbon cycling in forests. Here we 
review how carbon allocation modelling is currently implemented in 31 contrasting models to 
identify the main gaps compared with our theoretical and empirical understanding of carbon 
allocation. 

 
Title: Attributing Long-Term Sea-Level Rise to Paris Agreement Emission Pledges 
Journal: Proceedings of the National Academy of Sciences of the United States of America, 
https://doi.org/10.1073/pnas.1907461116 
Authors: Nauels, Alexander, Johannes Gütschow, Matthias Mengel, Malte Meinshausen, Peter U. 
Clark, and Carl-Friedrich Schleussner 
Short description: The main contributors to sea-level rise (oceans, glaciers, and ice sheets) respond 
to climate change on timescales ranging from decades to millennia. A focus on the 21st century thus 
fails to provide a complete picture of the consequences of anthropogenic greenhouse gas emissions 
on future sea-level rise and its long-term impacts. Here we identify the committed global mean sea- 
level rise until 2300 from historical emissions since 1750 and the currently pledged National 
Determined Contributions (NDC) under the Paris Agreement until 2030. 

 

Title: Inconsistent recognition of uncertainty in studies of climate change impacts on forests 
Journal: Environmental Research Letters, https://doi.org/10.1088/1748-9326/ab4670 
Authors: Petr, M, G Vacchiano, D Thom, P Mairota, M Kautz, L M S Goncalves, R Yousefpour, S 
Kaloudis, and C P O Reyer. 
Short description: Uncertainty about climate change impacts on forests can hinder mitigation and 
adaptation actions. Scientific enquiry typically involves assessments of uncertainties, yet different 
uncertainty components emerge in different studies. Consequently, inconsistent understanding of 
uncertainty among different climate impact studies (from the impact analysis to implementing 
solutions) can be an additional reason for delaying action. In this review we (a) expanded existing 
uncertainty assessment frameworks into one harmonised framework for characterizing uncertainty, 
(b) used this framework to identify and classify uncertainties in climate change impacts studies on 
forests, and (c) summarised the uncertainty assessment methods applied in those studies. 

 
Title: Economic Growth Effects of Alternative Climate Change Impact Channels in Economic Modeling 
Journal: Environmental and Resource Economics, 
https://doi.org/10.1007/s10640-018-00306-7 
Authors: Piontek, Franziska, Matthias Kalkuhl, Elmar Kriegler, Anselm Schultes, Marian Leimbach, 
Ottmar Edenhofer, and Nico Bauer. 
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Short description: Despite increasing empirical evidence of strong links between climate and 
economic growth, there is no established model to describe the dynamics of how different types of 
climate shocks affect growth patterns. Here we present the first comprehensive, comparative 
analysis of the long-term dynamics of one-time, temporary climate shocks on production factors, and 
factor productivity, respectively, in a Ramsey-type growth model. 

 

Title: The PROFOUND database for evaluating vegetation models and simulating climate impacts on 
forests 
Journal: Earth System Science Data, https://doi.org/10.5194/essd-2019-220 
Authors: Reyer, C. P. O., Silveyra Gonzalez, R., Dolos, K., Hartig, F., Hauf, Y., Noack, M., Lasch-Born, P., 
Rötzer, T., Pretzsch, H., Mesenburg, H., Fleck, S., Wagner, M., Bolte, A., Sanders, T. G. M., Kolari, P., 
Mäkelä, A., Vesala, T., Mammarella, I., Pumpanen, J., Collalti, A., Trotta, C., Matteucci, G., D'Andrea, 
E., Foltýnová, L., Krejza, J., Ibrom, A., Pilegaard, K., Loustau, D., Bonnefond, J.-M., Berbigier, P., Picart, 
D., Lafont, S., Dietze, M., Cameron, D., Vieno, M., Tian, H., Palacios-Orueta, A., Cicuendez, V., 
Recuero, L., Wiese, K., Büchner, M., Lange, S., Volkholz, J., Kim, H., Weedon, G. P., Sheffield, J., Vega 
del Valle, I., Suckow, F., Horemans, J. A., Martel, S., Bohn, F., Steinkamp, J., Chikalanov, A., Mahnken, 
M., Gutsch, M., and Frieler, K. 
Short description: Process-based vegetation models are widely used to predict local and global 
ecosystem dynamics and climate change impacts. Due to their complexity, they require careful 
parameterization and evaluation to ensure that projections are accurate and reliable. The 
PROFOUND Database (PROFOUND DB) provides a wide range of empirical data to calibrate and 
evaluate vegetation models that simulate climate impacts at the forest stand scale. A particular 
advantage of this database is its wide coverage of multiple data sources at different hierarchical and 
temporal scales, together with environmental driving data as well as the latest climate scenarios. 

 

Title: Available and missing data to model impact of climate change on European forests 
Journal: Ecological Modeling, 
https://doi.org/10.1016/j.ecolmodel.2019.108870 
Authors: Ruiz-Benito P, G Vacchiano, ER Lines, CPO Reyer, S Ratcliffe, X Morin, F Hartig, A Mäkelä, R 
Yousefpour, J Chaves, A Palacios, M Benito-Garzón, C Morales-Molino, JJ Camarero, AS Jump, J 
Kattge, A Lehtonen, A Ibrom, HJF Owen, MA Zavala 
Short description: To facilitate data and model integration, we identified major climate change 
impacts observed on European forest functioning and summarised the data available for monitoring 
and predicting such impacts. Our analysis of c. 120 forest-related databases (including information 
from remote sensing, vegetation inventories, dendroecology, palaeoecology, eddy-flux sites, 
common garden experiments and genetic techniques) and 50 databases of environmental drivers 
highlights a substantial degree of data availability and accessibility. 

 
Title: InitMIP-Antarctica: An Ice Sheet Model Initialization Experiment of ISMIP6 
Journal: The Cryoshpere, https://doi.org/10.5194/tc-13-1441-2019 
Authors: Seroussi, Hélène, Sophie Nowicki, Erika Simon, Ayako Abe-Ouchi, Torsten Albrecht, Julien 
Brondex, Stephen Cornford, M. Mengel, et al. 
Short description: Ice sheet numerical modeling is an important tool to estimate the dynamic 
contribution of the Antarctic ice sheet to sea level rise over the coming centuries. The influence of 
initial conditions on ice sheet model simulations, however, is still unclear. To better understand this 
influence, an initial state intercomparison exercise (initMIP) has been developed to compare, 
evaluate, and improve initialization procedures and estimate their impact on century-scale 
simulations. 

 
Title: The economically optimal warming limit of the planet 
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Journal: Earth System Dynamics, https://doi.org/10.5194/esd-10-741-2019 
Authors: Ueckerdt, F., Frieler, K., Lange, S., Wenz, L., Luderer, G., and Levermann, A. 
Short description: Both climate-change damages and climate-change mitigation will incur economic 
costs. While the risk of severe damages increases with the level of global warming (Dell et al., 2014; 
IPCC, 2014b, 2018; Lenton et al., 2008), mitigating costs increase steeply with more stringent 
warming limits (IPCC, 2014a; Luderer et al., 2013; Rogelj et al., 2015). Here, we show that the global 
warming limit that minimizes this century's total economic costs of climate change lies between 1.9 
and 2 ∘C, if temperature changes continue to impact national economic growth rates as observed in 
the past and if instantaneous growth effects are neither compensated nor amplified by additional 
growth effects in the following years. 

 

Title: The effects of climate extremes on global agricultural yields 
Journal: Environmental Research Lettters, 
https://doi.org/10.1088/1748-9326/ab154b 
Authors: Vogel, Elisabeth, Markus G Donat, Lisa V Alexander, Malte Meinshausen, Deepak K Ray, 
David Karoly, Nicolai Meinshausen, and Katja Frieler. 
Short description: Climate extremes, such as droughts or heat waves, can lead to harvest failures and 
threaten the livelihoods of agricultural producers and the food security of communities worldwide. 
Improving our understanding of their impacts on crop yields is crucial to enhance the resilience of 
the global food system. This study analyses, to our knowledge for the first time, the impacts of 
climate extremes on yield anomalies of maize, soybeans, rice and spring wheat at the global scale 
using sub-national yield data and applying a machine-learning algorithm. 

 
Title: Large potential for crop production adaptation depends on 
available future varieties 
Journal: 
Authors: Florian Zabel, Christoph Müller, Joshua Elliott, Sara Minoli, Jonas Jägermeyr, Julia M. 
Schneider, James A. Franke, Elisabeth Moyer, Marie Dury, Louis Francois, Christian Folberth, 
Wenfeng Liu, Thomas A.M. Pugh, Stefan Olin, Sam S. Rabin, Wolfram Mauser, Tobias Hank, Alex C. 
Ruane, Senthold Asseng 
Short description: In this study, we investigate the effects of variety adaptation on global caloric 
production under four different future climate change scenarios for maize, rice, soybean, and wheat. 
Thereby, we empirically identify areas that could require new varieties and areas where variety 
adaptation could be achieved by shifting existing varieties into new regions. We found that 39% 
(SSP5-¬8.5) of global cropland could require new crop varieties to avoid yield loss from climate 
change by the end of the century. At low levels of warming (SSP1-2.6), 85% of currently cultivated 
land can draw from existing varieties to shift within an agro-ecological zone for adaptation. The 
assumptions on available varieties for adaptation have major impacts on the effectiveness of variety 
adaptation, which could more than half in SSP5-8.5. The results highlight that region-specific 
breeding efforts are required to allow for a successful adaptation to climate change. 

 

Title: The Effect of Univariate Bias Adjustment on Multivariate Hazard Estimates. 
Journal: Earth System Dynamics 
https://doi.org/10.5194/esd-10-31-2019 
Authors: Zscheischler, Jakob, Erich M. Fischer, and Stefan Lange 
Short description: Bias adjustment is often a necessity in estimating climate impacts because impact 
models usually rely on unbiased climate information, a requirement that climate model outputs 
rarely fulfil. Most currently used statistical bias-adjustment methods adjust each climate variable 
separately, even though impacts usually depend on multiple potentially dependent variables. Human 
heat stress, for instance, depends on temperature and relative humidity, two variables that are often 
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strongly correlated. Whether univariate bias-adjustment methods effectively improve estimates of 
impacts that depend on multiple drivers is largely unknown, and the lack of long-term impact data 
prevents a direct comparison between model outputs and observations for many climate-related 
impacts. Here we use two hazard indicators, heat stress and a simple fire risk indicator, as proxies for 
more sophisticated impact models. We show that univariate bias-adjustment methods such as 
univariate quantile mapping often cannot effectively reduce biases in multivariate hazard estimates. 
In some cases, it even increases biases. 

 
Title: Historical and future changes in global flood magnitude – evidence from a model-observation 
investigation 
Journal: Hydrol. Earth Syst. Sci., 24, 1543–1564, doi:10.5194/hess-24-1543-2020. 
Authors: Do, H. X., F. Zhao, S. Westra, M. Leonard, L. Gudmundsson, J. E. S. Boulange, J. Chang, P. 
Ciais, D. Gerten, S. N. Gosling, H. Müller Schmied, T. Stacke, C.-E. Telteu, and Y. Wada 
Short description: To improve the understanding of trends in extreme flows related to flood events 
at the global scale, historical and future changes of annual maxima of 7 d streamflow are 
investigated, using a comprehensive streamflow archive and six global hydrological models. 

 
Title: Coastal migration due to 21st century sea‐level rise 
Journal: Earth’s Future, 9, e2020EF001965. https://doi.org/10.1029/2020EF001965 
Authors: Lincke, D., Hinkel, J. 
Short description: Rising mean and extreme sea-levels and induced increased coastal flooding are 
expected to lead to massive coastal migration if coasts are not protected. Using a wide range of sea- 
level rise (SLR) scenarios, socioeconomic pathways and discount rate assumptions, 21st century 
coastal migration is assessed at global scale assuming local cost-benefit optimal protection decisions 
for about 12,000 coastal segments with homogeneous coastal and socioeconomic characteristics. 

 

Title: Reducing uncertainties of future global soil carbon responses to climate and land use change 
with emergent constraints 
Journal: Global Biogeochemical Cycles, 34, e2020GB006589. 
https://doi.org/10.1029/2020GB006589 

Authors: Xu, W., Chang, J., Ciais, P., Guenet, B., Viovy, N., Ito, A., et al. 
Short description: Here, we analyze regional and global ΔSOC from 1861 to 2099 based on five 
terrestrial biosphere model (TBM) simulations of the Inter-Sectoral Impact Model Intercomparison 
Project Phase 2b. We present a new emergent constraint approach to constrain future modeled 
ΔSOC over natural vegetation from RCP 6.0 simulations using recent observed trends of net primary 
productivity as a proxy of litter inputs to soil pools. Our results showed that the uncertainties in 
constrained ΔSOC can be reduced in comparison with the original model ensemble, but constrained 
values of ΔSOC depend on the choice of a GCM and climate regions. 

 
Title: Uncovering the past and future climate drivers of wheat yield shocks in Europe with machine 
learning 
Journal: Earth's Future, 9, e2020EF001815. 
https://doi.org/10.1029/2020EF001815 
Authors: Zhu, P., Abramoff, R., Makowski, D., & Ciais, P. 
Short description: Here we designated the lowest 10th percentile of the relative wheat yield anomaly 
as yield shock and analyzed subnational wheat yield shocks across Europe during the last four 
decades. We applied a data-driven attribution framework to quantify primary climate drivers of 
wheat yield shock probability based on machine learning and game theory, and used this framework 
to infer the most critical climate variables that will contribute to yield shocks in the future, under two 
climate change scenarios. During the period 1980–2018, our attribution analysis showed that 32% of 
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the observed wheat yield shocks were primarily driven by water limitation, making it the leading 
climate driver. 

 
A2: Article / Book intended for large audiences 

 
Title: Climate Risk Profiles for: Ethiopia, Côte d’Ivoire, Kenya, Chad, Tanzania, Mauritania, 
Madagascar, Mali, Burkina Faso, Niger, Uganda. 
Journal: Bonn: Deutsche Gesellschaft für Internationale 
Zusammenarbeit (GIZ) GmbH. 
Authors: Tomalka, J., Lange, S., Röhrig, F., & Gornott, C. 
Short description: Profiles provide an overview of projected climate 
parameters and related impacts on different sectors in the given countries until 2080 under different 
climate change scenarios (called Representative Concentration Pathways, RCPs). 

 
Title: 10 Insights on Climate Impacts and Peace 
Journal: adelphi research gemeinnützige GmbH 
Authors: Detges, A., Klingenfeld, D., König, C., Pohl, B., Rüttinger, L., Schewe, J., Sedova, B., & 
Vivekananda, J. 
Short description: This report is a synthesis that identifies ten insights into climate-related security 
risks and lays the groundwork for the Climate Security Risk and Foresight Assessment, led by adelphi 
and PIK, that will be launched at the Berlin Climate and Security Conference. Climate change is one of 
the most pressing political issues of our time. The unprecedented nature and scale of its impacts on 
people, economies and ecosystems worldwide are becoming clearer as science advances. One critical 
dimension of these impacts are their effect on international peace and security. 

Link: https://berlin-climate-security-conference.de/10-insights 
 

Title: Assessing the impacts of climate change on flood displacement risk 
Institution: Internal Displacement Monitoring Center, 
Authors: Ginnetti, J., P.M. Kam, G. Aznar Siguan, J. Schewe, and L. Milano. 
Short description: With so many people already affected and extreme weather events predicted to 
become more frequent and/or severe in many parts of the world, it is imperative to establish the 
magnitude of future displacement risk, its drivers and what might be done about it. This 
methodological paper presents a first attempt to fill this information gap by estimating future flood 
displacement risk. It focuses on floods because they are responsible for most of the observed 
disaster displacement and estimated risk. By comparing future points in time with the present and 
across various climate change and development scenarios, it reveals the magnitude of risk, how it 
differs from the present, and what is driving the changes. 
Link: https://www.internal-displacement.org/sites/default/files/publications/documents/201912- 
climate-change-flood-risk-paper.pdf 

 
Title: Assessing Refugees’ Onward Mobility with Mobile Phone Data—A Case Study of (Syrian) 
Refugees in Turkey.” In «Guide to Mobile Data Analytics in Refugee Scenarios» 
Journal: Guide to Mobile Data Analytics in Refugee Scenarios, 
https://doi.org/10.1007/978-3-030-12554-7_13 
Authors: Sterly, Harald, Benjamin Etzold, Lars Wirkus, Patrick Sakdapolrak, Jacob Schewe, Carl- 
Friedrich Schleussner, and Benjamin Hennig 
Short description: Secondary or onward mobility of refugees can pose considerable challenges for 
targeted and timely humanitarian assistance, and for long-term integration. There is very little 
systematic knowledge of the onward migration of refugees after their initial flight to a country of 
reception in general, and specifically in Turkey. In this chapter, we describe how the analysis of 

http://www.internal-displacement.org/sites/default/files/publications/documents/201912-
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mobile phone Call Details Records can help to better understand spatio-temporal patterns of 
refugees’ onwards mobility. 

 
Title: ISIMIP3b bias adjustment fact sheet. 
Author: Lange, Stefan 
Link: https://www.isimip.org/gettingstarted/isimip3b-bias-correction/ 
Short description: The Document describes the ISIMIP3b bias adjustment and statistical downscaling 
of CMIP6 output using ISIMIP3BASD v2.5.0 and W5E5 v2.0. 

 
Title: Will climate change bring benefits from reduced cold-related mortality? 
Author: Huber, V. 
Link to the popular science blog article (11 June 2018) at Real Climate – Climate science from climate 
scientists: http://www.realclimate.org/index.php/archives/2018/06/will-climate-change-bring- 
benefits-from-reduced-cold-related-mortality-insights-from-the-latest-epidemiological-research/ 

 
 

ISIpedia-Articles: 
 

Title: Nothing to gain for biodiversity? - We have to be very careful that emission reduction measures 
do not destroy what we want to protect 
Authors: Alke Voskamp, Matthias F. Biber, Thomas Hickler, Christian Hof, Katrin Böhning-Gaese, Eva 
Katharina Engelhardt, Aidin Niamir & Stephen G. Willis 
Short description: This article summarizes the main findings of the peer-review: Hof, Christian, Alke 
Voskamp, Matthias F. Biber, Katrin Böhning-Gaese, Eva Katharina Engelhardt, Aidin Niamir, Stephen 
G. Willis, and Thomas Hickler. 2018. “Bioenergy Cropland Expansion May Offset Positive Effects of 
Climate Change Mitigation for Global Vertebrate Diversity.” Proceedings of the National Academy of 
Sciences 115 (52). National Academy of Sciences: 13294–9. 
https://doi.org/10.1073/pnas.1807745115. 
Link to the ISIpedia website: https://www.isipedia.org/report/nothing-to-gain-for-biodiversity-we- 
have-to-be-very-careful-that-emission-reduction-measures-do-not-destroy-what-we-want-to- 
protect/ 

 

Title: Historical and future changes in global flood magnitude 
Authors: Hong Xuan Do 
Short description: This paper summarizes the peer review paper: Do, Hong X., Seth Westra, and 
Michael Leonard. 2017. “A Global-Scale Investigation of Trends in Annual Maximum Streamflow. ” 
Journal of Hydrology 552: 28–43. https://doi.org/10.1016/j.jhydrol.2017.06.015. 
Link to the ISIpedia website: https://www.isipedia.org/report/historical-and-future-changes-in- 
global-flood-magnitude/ 

 
Title: Will climate change increase the exposure to river flooding? 
Authors: Stefan Lange, Jan Volkholz, Fang Zhao, Sven Willner1 & Katja Frieler 
Short description: This article summarizes the peer review paper: Lange, Stefan, Jan Volkholz, Tobias 
Geiger, Fang Zhao, Iliusi Vega, Ted Veldkamp, Christopher P. O. Reyer, et al. 2020. “Projecting 
Exposure to Extreme Climate Impact Events Across Six Event Categories and Three Spatial Scales.” 
Earth’s Future 8 (12): e2020EF001616. 
https://doi.org/https://doi.org/10.1029/2020EF001616 
Link to the ISIpedia website: https://www.isipedia.org/report/will-climate-change-increase-the- 
exposure-to-river-flooding/ 

http://www.isimip.org/gettingstarted/isimip3b-bias-correction/
http://www.realclimate.org/index.php/archives/2018/06/will-climate-change-bring-
http://www.isipedia.org/report/nothing-to-gain-for-biodiversity-we-
http://www.isipedia.org/report/historical-and-future-changes-in-
http://www.isipedia.org/report/will-climate-change-increase-the-
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Title: Will climate change increase the exposure to droughts? 
Authors: Stefan Lange, Ted Veldkamp, Hannes Müller Schmied & Katja Frieler 
Short description: This article summarizes: Lange, Stefan, Jan Volkholz, Tobias Geiger, Fang Zhao, 
Iliusi Vega, Ted Veldkamp, Christopher P. O. Reyer, et al. 2020. “Projecting Exposure to Extreme 
Climate Impact Events Across Six Event Categories and Three Spatial Scales.” Earth’s Future 8 (12): 
e2020EF001616. https://doi.org/https://doi.org/10.1029/2020EF001616. 
Link to the ISIpedia website: https://www.isipedia.org/report/will-climate-change-increase-the- 
exposure-to-droughts/ 

 
Title: How could the occurrence of crop failures be affected by climate change? 
Authors: Jan Volkholz 
Short description: This article summarizes the scientific findings of this peer review paper: Lange, 
Stefan, Jan Volkholz, Tobias Geiger, Fang Zhao, Iliusi Vega, Ted Veldkamp, Christopher P. O. Reyer, et 
al. 2020. “Projecting Exposure to Extreme Climate Impact Events Across Six Event Categories and 
Three Spatial Scales.” Earth’s Future 8 (12): e2020EF001616. 
https://doi.org/https://doi.org/10.1029/2020EF001616. 
Link to the ISIpedia website: https://www.isipedia.org/report/how-could-the-occurrence-of-crop- 
failures-be-affected-by-climate-change/ 

 
Title: One simulation, different conclusions – the baseline period makes the difference! 
Authors: Stefan Liersch, M. Drews, T. Pilz, S. Salack, D. Sietz, V. Aich,, M.A.D. Larsen, A. Gädeke, K. 
Halsnæs, W. Thiery, S. Huang, A. Lobanova, H. Koch & F.F. Hattermann 
Short description: This article summarizes the peer review paper: Liersch, Stefan, Martin Drews, 
Tobias Pilz, Seyni Salack, Diana Sietz, Valentin Aich, Morten Andreas Dahl Larsen, et al. 2020. “One 
Simulation, Different Conclusions—the Baseline Period Makes the Difference!” Environmental 
Research Letters 15 (10). IOP Publishing: 104014. 
Link to the ISIpedia website: https://www.isipedia.org/report/one-simulation-different-conclusions- 
the-baseline-period-makes-the-difference/ 

 
Title: Quantifying water stress in China, now and in the future 
Authors: Xingcai Liu,, Qiuhong Tang,, Wenfeng Liu,, Ted I.E. Veldkamp,, Julien Boulange, Junguo Liu, 
Yoshihide Wada, Zhongwei Huang & Hong Yang, 
Short description: This article summarizes the main findings of the peer review paper: Liu, Junguo, 
Hong Yang, Simon N. Gosling, Matti Kummu, Martina Flörke, Stephan Pfister, Naota Hanasaki, et al. 
2017. “Water Scarcity Assessments in the Past, Present, and Future.” Earth’s Future 5 (6): 545–59. 
https://doi.org/https://doi.org/10.1002/2016EF000518. 
Link to the ISIpedia website: https://www.isipedia.org/report/quantifying-water-stress-in-china-now- 
and-in-the-future/ 

 
Title: How will climate change impact groundwater resources? A key but not yet fully resolved 
question 
Authors: Robert Reinecke, Tim Trautmann, and Hannes Müller Schmied 
Short description: This article summarises the main findings of the the peer view paper: Reinecke, R., 
Müller Schmied, H., Trautmann, T., Andersen, L. S., Burek, P., Flörke, M., ... & Döll, P. (2021). 
Uncertainty of simulated groundwater recharge at different global warming levels: A global-scale 
multi-model ensemble study. Hydrology and Earth System Sciences, 25(2), 787-810. 
Link to the ISIpedia website: https://www.isipedia.org/report/how-will-climate-change-impact- 
groundwater-resources-a-key-but-not-yet-fully-resolved-question/ 

 
Title: Does increased irrigation and fertilizer use affect inter-annual crop yield variation? 

http://www.isipedia.org/report/will-climate-change-increase-the-
http://www.isipedia.org/report/how-could-the-occurrence-of-crop-
http://www.isipedia.org/report/one-simulation-different-conclusions-
http://www.isipedia.org/report/quantifying-water-stress-in-china-now-
http://www.isipedia.org/report/how-will-climate-change-impact-
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Authors: Christoph Müller 
Short description: This article summarizes the main findings of the peer-review: 
Müller, Christoph, Joshua Elliott, Thomas AM Pugh, Alex C Ruane, Philippe Ciais, Juraj Balkovic, 
Delphine Deryng, et al. 2018. “Global Patterns of Crop Yield Stability Under Additional Nutrient and 
Water Inputs.” PLoS One 13 (6). Public Library of Science San Francisco, CA USA: e0198748. 
Link to the ISIpedia website: https://www.isipedia.org/report/does-increased-irrigation-and- 
fertilizer-use-affect-inter-annual-crop-yield-variation/ 

 
Title: Are our crop models able to reproduce the drop in maize and soy yields at high temperatures 
as observed in the US? 
Authors: Bernhard Schauberger, Sotirios Archontoulis, Almut Arneth, Juraj Balkovic, , Philippe Ciais, 
Delphine Deryng, Joshua Elliott, Christian Folberth, , Nikolay Khabarov, Christoph Müller, Thomas A. 
M. Pugh,, Susanne Rolinski, Sibyll Schaphoff, Erwin Schmid0, Xuhui Wang,, Wolfram Schlenker & 
Katja Frieler 
Short description: This article summarizes the main findings of the peer-review: Schauberger, 
Bernhard, Sotirios Archontoulis, Almut Arneth, Juraj Balkovic, Philippe Ciais, Delphine Deryng, Joshua 
Elliott, et al. 2017. “Consistent Negative Response of Us Crops to High Temperatures in Observations 
and Crop Models.” Nature Communications 8 (1). Nature Publishing Group: 1–9. 
Link to the ISIpedia website: https://www.isipedia.org/report/are-our-crop-models-able-to- 
reproduce-the-drop-in-maize-and-soy-yields-at-high-temperatures-as-observed-in-the-us/ 

 
Title: How good are global hydrological models at simulating water flows in the Arctic? 
Authors: Anne Gaedeke 
Short description: This article summarises the main findings from the peer review: Gädeke, Anne, 
Valentina Krysanova, Aashutosh Aryal, Jinfeng Chang, Manolis Grillakis, Naota Hanasaki, Aristeidis 
Koutroulis, et al. 2020. “Performance Evaluation of Global Hydrological Models in Six Large Pan-Arctic 
Watersheds.” Climatic Change 163 (3): 1329–51. 
Link to the ISIpedia website: https://www.isipedia.org/report/how-good-are-global-hydrological- 
models-at-simulating-water-flows-in-the-arctic/ 

 
Title: To what extent do humans impact the global water system, and how can use this knowledge to 
improve simulations of the global water system? 
Authors: Yoshihide Wada 
Short description: This article summarizes the main findings from the peer review: Veldkamp, T. I. E., 
Zhao, F., Ward, P. J., de Moel, H., Aerts, J. C., Schmied, H. M., ... & Wada, Y. (2018). Human impact 
parameterizations in global hydrological models improve estimates of monthly discharges and 
hydrological extremes: a multi-model validation study. Environmental Research Letters, 13(5), 
055008. 
Link to the ISIpedia website: https://www.isipedia.org/report/to-what-extent-do-humans-impact- 
the-global-water-system-and-how-can-use-this-knowledge-to-improve-simulations-of-the-global- 
water-system/ 

 

Title: Is the observed positive trend in global flood damages due to climate change? 
Authors: Inga Sauer 
Short description: This article summarizes the peer reviewed study: Sauer, I. Reese, R., Otto, C. 
Geiger, T., …, Frieler, K. (2021). “Climate signals in river flood damages emerge under sound regional 
disaggregation” Nature Communications https://doi.org/10.1038/s41467-021-22153-9 
Link to the ISIpedia website: https://www.isipedia.org/report/is-the-observed-positive-trend-in- 
global-flood-damages-due-to-climate-change/ 

http://www.isipedia.org/report/does-increased-irrigation-and-
http://www.isipedia.org/report/are-our-crop-models-able-to-
http://www.isipedia.org/report/how-good-are-global-hydrological-
http://www.isipedia.org/report/to-what-extent-do-humans-impact-
http://www.isipedia.org/report/is-the-observed-positive-trend-in-


162 

 

 

 
 

Title: The Paris Agreement and NDCs: are the national mitigation targets sufficient to stay below the 
1.5-2°C limit? 
Authors: Annika Günther 
Short description: This article summarizes the peer reviewed study: Günther, A. Gütschow, J., Jeffery, 
M. L. (preprint in review). “NDCmitiQ v1.0.0: a tool to quantify and analyse GHG mitigation targets”. 
https://doi.org/10.5194/gmd-2020-392 
Link to the ISIpedia website: https://www.isipedia.org/report/the-paris-agreement-and-ndcs-are- 
the-national-mitigation-targets-sufficient-to-stay-below-the-1-5-2-c-limit/ 

 
Title: Climate Litigation, or how to Litigate the Climate Emergency 
Authors: Roxanna Baldrich 
Short description: article providing an overview on the field of climate litigation and its different 
branches. 
Link to the ISIpedia website: https://www.isipedia.org/story/climate-litigation-or-how-to-litigate-the- 
climate-emergency/ 

 

Title: The Role of Climate Science in Litigation against Carbon Majors 
Authors: Roxanna Baldrich 
Short description: article providing an overview on the field of climate litigation in the field of 
litigation actions against largest polluters. 
Link to the ISIpedia website: https://www.isipedia.org/story/the-role-of-climate-science-in-litigation- 
against-carbon-majors/ 

 
Title: River Flood Modelling 
Authors: Jan Volkholz 
Short description: article providing an overview about hydrological processes, as background 
information to understand some of the water-related hydrological modelling addressed in the 
ISIpedia portal 
Link to the ISIpedia website: https://www.isipedia.org/story/river-flood-modelling/ 

 
Title: Climate data for attributing the impacts of climate change 
Authors: Matthias Mengel1, Simon Treu1, Stefan Lange1 & Katja Frieler1 
Short description: article providing an overview about how climate impact attribution science is 
quantifying and attributing the contribution of climate change to observed extreme events. 
Link to the ISIpedia website: https://www.isipedia.org/report/climate-data-for-attributing-the- 
impacts-of-climate-change/#ref-gmd-2020-145 

 

A3: Project document with public access 

Title: ISIpedia Stakeholder-Survey Report 
Link:https://www.isimip.org/documents/376/ISIpedia_survey_result_report_w47NU6L.pdf 
Authors: Quentin, L., Maskell, G., Menke, I., Pleeck, S. with responses from the ISIMIP Sectoral 
Coordinators and adjusted based on comments by: Kristie Ebi, Anne Gädeke, Simon N. Gosling, 
Veronika Huber, Felix John, Valentina Krysanova, Rafa Marcé, Hannes Müller Schmied, Sam Rabin, 
Jacob Schewe 
Short description: The report summarizes the key findings from the stakeholder survey and engages 
in a dialogue with the ISIMIP project community regarding feasibility of requested information and 
needs. 

http://www.isipedia.org/report/the-paris-agreement-and-ndcs-are-
http://www.isipedia.org/story/climate-litigation-or-how-to-litigate-the-
http://www.isipedia.org/story/the-role-of-climate-science-in-litigation-
http://www.isipedia.org/story/river-flood-modelling/
http://www.isipedia.org/report/climate-data-for-attributing-the-
http://www.isimip.org/documents/376/ISIpedia_survey_result_report_w47NU6L.pdf
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Title: ISIpedia Stakeholder Workshops Report 
Link: 
https://www.isimip.org/documents/390/Outcome_Report_for_Partners_amended_May2019.pdf 
Authors: Menke, I., Lejeune, Q., Maskell, G., Lee, K. 
Short description: The report contains the content of the two stakeholder workshops held in Eastern 
Europe (Krakow, Poland) and West Africa (Ouagadougou, Burkina Faso), as well as key learnings and 
reflections. 

A4: Project document with access reserved to project partners 

Title: Stakeholder Feedback Report 
Authors: Lejeune, Q., Menke, I., Lee, K., Yesil, B. 
Short description: The report outlines the technical, design and content feedback from stakeholders 
who explored the password-protected ISIpedia beta version. 
Internal document 

 
 

B) Datasets that can be used as input to deliver a climate service 

B1: Datasets in open access 

Title: Data and code for publication “The role of history and strength of the oceanic forcing in sea 
level projections from Antarctica with the Parallel Ice Sheet Model” (Version v1) 
Authors: Reese, R., Levermann, A., Albrecht, T., Seroussi, H., Winkelmann, R., Mengel, M., and other 
PISM authors. 
Short description: The data and code was developed to show that for projections of future mass loss 
from the Antarctic Ice Sheet, it is essential (1) to better constrain the sensitivity of sub-shelf melt 
rates to ocean warming and (2) to include the historic trajectory of the ice sheet. 
Source: Zenodo, https://doi.org/10.5281/zenodo.3903343 

 
Title: WFDE5: bias adjusted ERA5 reanalysis data for impact studies 
Authors: M. Cucchi, G. P. Weedon, A. Amici, N. Bellouin, S. Lange, H. Müller Schmied, H. Hersbach, 
and C. Buontempo 
Short description: The WFDE5 dataset (C3S, 2020) has been generated using the WATCH Forcing 
Data (WFD) methodology applied to surface meteorological variables from the ERA5 reanalysis. The 
dataset can be downloaded from https://doi.org/10.24381/cds.20d54e34 (C3S, 2020) and is 
distributed by the Copernicus Climate Change Service (C3S) through its Climate Data Store (CDS, 
Copernicus Climate Change Service, 2020), It currently spans from the start of January 1979 to the 
end of 2018. The dataset has been produced using a number of CDS Toolbox applications, whose 
source code is available with the data – allowing users to re-generate part of the dataset or apply the 
same approach on other data. Future updates are expected spanning from 1950 to the most recent 
year. A sample of the complete dataset, which covers the whole 2016 year, is accessible without 
registration to the CDS at https://doi.org/10.21957/935p-cj60. 
Source: https://doi.org/10.5194/essd-2020-28 

 
Title: WFDE5 over land merged with ERA5 over the ocean 
Authors: Lange, S., Menz, C., Gleixner, S., Cucchi, M., Weedon, G.P., Amici, A., Bellouin, N., Müller 
Schmied, H., Hersbach, H., Bountempo, C., Cagnazzo, C. 

http://www.isimip.org/documents/390/Outcome_Report_for_Partners_amended_May2019.pdf
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Short description: The W5E5 dataset was compiled to support the bias adjustment of climate input 
data for the impact assessments carried out in phase 3b of the Inter-Sectoral Impact Model 
Intercomparison Project (ISIMIP3b). 
Source: ISIMIP repository, doi: 10.48364/ISIMIP.342217 

 
Title: The PROFOUND Database for Evaluating Vegetation Models and Simulating Climate Impacts on 
Forests 
Authors: Reyer, Christopher, Ramiro Silveyra Gonzalez, Klara Dolos, Florian Hartig, Ylva Hauf, 
Matthias Noack, Petra Lasch-Born, et al. 
Short description: The PROFOUND database (PROFOUND DB) described here aims to bring together 
data from a wide range of data sources to evaluate vegetation models and simulate climate impacts 
at the forest stand scale. 
It has been designed to fulfill two objectives: 
- Allow for a thorough evaluation of complex, process-based vegetation models using multiple data 
streams covering a range of processes at different temporal scales 
- Allow for climate impact assessments by providing the latest climate scenario data. 
Source: https://dataservices.gfz-potsdam.de/pik/showshort.php?id=escidoc:5162892 

 
Title: EartH2Observe, WFDEI and ERA-Interim data Merged and Bias-corrected for ISIMIP (EWEMBI) 
Authors: Lange, Stefan 
Short description: The EWEMBI dataset was compiled to support the bias correction of climate input 
data for the impact assessments carried out in phase 2b of the Inter-Sectoral Impact Model 
Intercomparison Project (ISIMIP2b; Frieler et al., 2017), which will contribute to the 2018 IPCC special 
report on the impacts of global warming of 1.5°C above pre-industrial levels and related global 
greenhouse gas emission pathways. 
The EWEMBI data cover the entire globe at 0.5° horizontal and daily temporal resolution from 1979 
to 2013. 
Source: http://doi.org/10.5880/pik.2019.004 

 
Title: High resolution climate data for Europe 
Authors: Karger, D. N., Dabaghchian, B., Lange, S., Thuiller, W., Zimmermann, N. E., & Graham, C. H. 
Short description: Here we present downscaled climate data for the CORDEX EUR11 domain at a high 
resolution of 30 arc sec. The temperature algorithm is based on statistical downscaling of 
atmospheric temperature lapse rates. The precipitation algorithm incorporates orographic predictors 
including wind fields, valley exposition, boundary layer height, and a bias correction based on Beck et 
al. 2020, https://doi.org/10.1175/JCLI-D-19-0332.1. The resulting data currently consist of a daily 
temperature and precipitation time series and is, for now, available for the years 1981-2005. 

Source: http://dx.doi.org/doi:10.16904/envidat.150 
 

Title: ATTRICI 1.0 – counterfactual climate for impact attribution 
Authors: Mengel, M., Treu, S., Lange, S., and Frieler, K. 
Short description: To identify the impacts of historical climate change on human or natural systems, 
it is necessary to separate the effect of different drivers. By definition this is done by comparing the 
observed situation to a counterfactual one in which climate change is absent and other drivers 
change according to observations. As such a counterfactual baseline cannot be observed it has to be 
estimated by process-based or empirical models. The ATTRICI data set we present here (ATTRIbuting 
Climate Impacts) is an approach to remove the signal of global warming from observational climate 
data to generate forcing data for the simulation of a counterfactual baseline of impact indicators. 

http://doi.org/10.5880/pik.2019.004
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Source: https://doi.org/10.5194/gmd-2020-145 (preprint in review); Data download: 
https://data.isimip.org/search/tree/ISIMIP3a%2FInputData%2Fclimate/climate_scenario/countercli 
m/ 

 

Title: ISIMIP2a Simulation Data from the Water (global) Sector 
Authors: Gosling, Simon; Müller Schmied, Hannes; Betts, Richard; Chang, Jinfeng; Ciais, Philippe; 
Dankers, Rutger; Döll, Petra; Eisner, Stephanie; Flörke, Martina; Gerten, Dieter; Grillakis, Manolis; 
Hanasaki, Naota; Hagemann, Stefan; Huang, Maoyi; Huang, Zhongwei; Jerez, Sonia; Kim, Hyungjun; 
Koutroulis, Aristeidis; Leng, Guoyong; Liu, Xingcai; Masaki, Yoshimitsu; Montavez, Pedro; 
Morfopoulos, Catherine; Oki, Taikan; Papadimitriou, Lamprini; Pokhrel, Yadu; Portmann, Felix T.; 
Orth, Rene; Ostberg, Sebastian; Satoh, Yusuke; Seneviratne, Sonia; Sommer, Philipp; Stacke, Tobias; 
Tang, Qiuhong; Tsanis, Ioannis; Wada, Yoshihide; Zhou, Tian; Büchner, Matthias; Schewe, Jacob; Zhao, 
Fang 
Short description: model output data from the contributing models of the global water sector within 
ISIMIP2a. 
Source: http://doi.org/10.5880/PIK.2019.003 

 
Title: ISIMIP2b protocol data for global water sector 
Authors: Gosling, Simon Newland; Müller Schmied, Hannes; Chang, Jinfeng; Ciais, Philippe; Döll, 
Petra; Eisner, Stephanie; Flörke, Martina; Gerten, Dieter; Grillakis, Manolis; Hanasaki, Naota; 
Koutroulis, Aristeidis; Leng, Guoyong; Liu, Xingcai; Ostberg, Sebastian; Schaphoff, Sibyll; Seneviratne, 
Sonia I.; Stacke, Tobias; Tang, Qiuhong; Thiery, Wim; Wada, Yoshihide; Büchner, Matthias; Schewe, 
Jacob; Zhao, Fang 
Short description: ISIMIP2b simulation output data from contributing models of the Water (global) 
Sector. 
Source: https://data.isimip.org/search/tree/ISIMIP2b%2FOutputData%2Fwater_global/ 

 
Title: BioScen1.5_SDM 
Authors: Christian Hof, Alke Voskamp, Matthias F. Biber, Katrin Böhning-Gaese, Eva-Katharina 
Engelhardt, Aidin Niamir, Stephen G. Willis Thomas Hickler 
Short description: The BioScen1.5-SDM-GAM models are species distribution models of 15496 
terrestrial vertebrate species (2964 amphibians, 8493 birds and 4039 mammals) using Generalised 
Additive Models (GAMs) as model algorithm. BioScen1.5-SDM-GAM are statistical models, which 
were calibrated using a 30-year average (1980-2009) of the EWEMBI observed climate input data set 
and IUCN and BirdLife range maps of each vertebrate species. 
The BioScen1.5-SDM-GBM models are species distribution models of 15496 terrestrial vertebrate 
species (2964 amphibians, 8493 birds and 4039 mammals ) using Generalized Boosted Models as 
model algorithm. BioScen1.5-SDM-GBM are statistical models, which were calibrated using a 30-year 
average (1980-2009) of the EWEMBI observed climate input data set and IUCN and BirdLife range 
maps of each vertebrate species. 
The models are then projected to simulated historical, current and future 30-year average climate 
data from ISIMIP2b, resulting in probabilities of occurrence and summed probabilities of occurrence 
for the three different vertebrate taxa. 
Source: https://github.com/christianhof/BioScen1.5_SDM 

 
Title: Soil Carbon constrained projections 
Authors: Xu, W., Chang, J., Ciais, P., Guenet, B., Viovy, N., Ito, A., et al. 
Short description: Model output data from ISIMIP2b Biomes sector. 
Source: https://data.isimip.org/search/tree/ISIMIP2b%2FOutputData%2Fbiomes/ 

http://doi.org/10.5880/PIK.2019.003
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Title: Wheat yield shock probability in Europe 
Authors: Zhu, P., Abramoff, R., Makowski, D., & Ciais, P. 
Short description: Simulated wheat yield data is provided for 4 sub-regions. Additionally we provide 
the attribution to different drivers. 
Source: https://zcloud2.zalf.de/s/ZfsYAQ54nFdFJEX 

 
Title: Historical yield data 
Authors: Ciais, P. et al. 
Short description: The data is provided at level 3 administrative level in Europe. 
Source: https://data.isimip.org/search/tree/ISIMIP2a%2FOutputData%2Fbiomes/ 

 

B4: Dataset accessible only to project partners or specific users 
 

Title: Assemblage of new dataset of all-cause mortality, climate and air pollution variables at daily 
resolution in the period 1993-2015 for 12 major German cities. 
Authors: Veronika Huber, Alexandra Schneider, et al.; shared with project partners in Multi-Country 
Multi-City (MCC) Collaborative Research Network. 
Short description: The Multi-Country Multi-City (MCC) Collaborative Research Network is an 
international collaboration of research teams working on a program aiming to produce 
epidemiological evidence on associations between environmental stressors, climate, and health. 
Interest on these topics has grown in the last few years among both researchers and the general 
public, due to recent events of extreme weather or pollution and to alarming climate change 
scenarios, all linked with increased health risks. 
Link: http://mccstudy.lshtm.ac.uk/ 
Availability: Accessible only to project partners 

 
 
 

C) Software that can be used to deliver a climate service 

C1 – Software in open access 

Title: ISIMIP3BASD v2.4.1 doi:10.5281/zenodo.3898426 
Author: Lange, S. 
Short description: This is the code base used for bias adjustment and statistical downscaling in phase 
3 of the Inter-Sectoral Impact Model Intercomparison Project (ISIMIP). For a comprehensive 
description of the methods see Lange (2019) https://doi.org/10.5194/gmd-12-3055-2019. 
Source: https://zenodo.org/record/3370448#.Xt51BFMzaqA 

 
Title: acclimate 
Author: Willner, Sven and Christian Otto 
Short description: Model for economic loss propagation 
Source: https://doi.org/10.5281/ZENODO.2539089 

 

D) Full service ready to operate 

D1 – Interactive Website 

Title: ISIpedia: the open climate-impacts encyclopedia 
Link: https://www.isipedia.org/ 

http://mccstudy.lshtm.ac.uk/
http://www.isipedia.org/
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ISIpedia was developed by PIK, IIASA and Climate analytics in collaboration with a number of 
stakeholders that gave valuable feedback repeatedly. ISIpedia features peer-reviewed scientific 
studies on climate impacts in the form of articles in layman’s terms, written by the scientists. 
Articles all fall into three categories, i.e. ‘Observed impacts’, ‘Model evaluation’, or ‘future 
projections’. ISIpedia makes climate impacts concrete on the country level. For example, policy 
makers and adaptation planners from Egypt can learn that, assuming a +2 °C warming level, their 
country is on top of the ranking of people exposed to river flooding. China, a top global emitter, is on 
rank 24 and hence also increasingly exposed. 
Future: F2, Continue operating the service subject to external funding; the service will be maintained 
and content will be added also at times without external funding, although with lower dynamics 

 

E) Other results not falling into the above categories 

E1 - A network of stakeholders that can be mobilized to continue the development of a service 

Title: ISIpedia Stakeholder Network 
Short description: The Stakeholder Engagement Team (SET, led by Climate Analytics) is responsible 
for ensuring that the needs and interest of ISIpedia end users are represented in every aspect of 
ISIpedia: design of the simulations, content of the impact assessments, and design of the online 
portal. SET has built up a network of stakeholders who can be mobilized to continue the 
development of the service. 

E3 - Resource for educational activities or capacity building 

Title: Health Impact Model Comparison Workshop 

Organizers: Joacim Rocklöv, Veronika Huber, Xavier Rodo, Kristie Ebi, Alistair Woodward 
Short description: The workshop has gathered experts spanning the breadth of the health sector to 
develop protocols for climate change risk projections that are consistent across health outcomes and 
sectors. These form the basis for model intercomparisons, quality control, and improved impact 
estimates to be published in a special issue of the International Journal of Epidemiology, aimed to 
inform the IPCC 6th assessment cycle (provisional submission deadline in July 2020). Represented 
sub-sectors: heat stress (labour productivity, temperature- related mortality), vector-borne diseases 
(malaria, dengue), cholera, undernutrition/malnutrition. 
Date and location: 28-29, November 2018; Barcelona, Spain. 

 
Title: ISIMIP cross-sectoral workshop 
Organizer: Katja Frieler, Felix John, John Bazire 
Short description: The workshop brought together climate-impact modellers from different 
disciplines that participate in the Inter-Sectoral Impact Model Intercomparison (ISIMIP) and ISIpedia 
Project. Additionally, there will was joint sessions with climate modellers from the CRESCENDO 
project. 
Date and location: 4-7, June 2019; Paris, France 

 
Title: ISIMIP cross-sectoral workshop 
Organizer: Katja Frieler, Martin Park 
Short description: The workshop brought together climate-impact modellers from different 
disciplines that participate in the Inter-Sectoral Impact Model Intercomparison (ISIMIP) and ISIpedia 
Project. Outcomes of the workshop, presentations and session protocols are accessible at: 
https://www.isimip.org/outcomes/cross-sectoral-isimip-online-workshop-2020/ 
Date and location: 15-18, June 2020, virtual 

http://www.isimip.org/outcomes/cross-sectoral-isimip-online-workshop-2020/
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Title: ISIMIP and PROCLIAS cross-sectoral workshop 
Organizer: Katja Frieler, Martin Park, Christopher Reyer 
Short description: The workshop brought together climate-impact modellers from different 
disciplines that participate in the Inter-Sectoral Impact Model Intercomparison (ISIMIP) and ISIpedia 
Project. Additionally, there was joint sessions with members of the EU COST Action PROCLIAS. 
Outcomes of the workshop, presentations and session protocols are accessible at: 
https://www.isimip.org/outcomes/upcoming-cross-sectoral-isimip-online-workshop-2021/ 
Date and location: 11-15, January 2021, virtual 

 
Title: ISIpedia Kick-off Workshop 
Organizer: Climate analytics 
Short description: The overarching aim of the ISIpedia Kick-off Workshop was to scope stakeholders’ 
needs and preferences in terms of a climate service on cross-sectoral impacts. It was held in parallel 
to the ISIMIP Strategy Meeting, allowing for a first exchange between stakeholders from policy, 
NGOs, and research institutions and ISIMIP impact modellers. Outcomes of the workshop were used 
to inform the ISIpedia Stakeholder Survey, the stakeholder engagement process for the rest of the 
project, and fed into discussions on the selection of a focus topic for the 3rd ISIMIP simulation round. 

 
Title: Eastern Europe Indicator Development Workshop 
Organizer: Climate analytics 
Short description: The first of two, the ISIpedia Indicator Development Workshop in Krakow brought 
together 15 stakeholders from all over Europe and 4 ISIMIP modellers from the energy, water, and 
biodiversity sectors, with the overarching aim of developing cross-sectoral indicators within the 
possibilities of ISIMIP data. While only a few indicators were polished off over the three days, there 
were productive discussions on i) reconciling needs and even vocabularies of many professional 
communities, ii) the opportunities and limitations of impact models (and coordinated ensemble runs), 
and iii) how ISIMIP variables can contribute to existing indicator frameworks (such as the SDGs). 

 
Title: West Africa Indicator Development Workshop 
Organizer: Climate analytics 
Short description: The second regional indicator development workshop brought together 41 African 
stakeholders, mostly from West Africa, and 4 ISIMIP modellers, from agriculture, water, energy and 
biodiversity sectors. As the ISIpedia Stakeholder Engagement Team had learned from the previous 
workshop, the aim was slightly adjusted: rather than aiming to explicitly develop indicators, the focus 
was more on exploring the ISIMIP data and facilitating exchange between the modellers and 
stakeholders, for a better understanding of what ISIpedia will offer. Even though the aim had shifted, 
this workshop was more successful in explicitly outputting impact indicators. Interesting cross- 
sectoral indicators were developed on health and gender. 

 
Title: CoastMIP/ISIpedia workshop on large scale coastal flood risk assessment under sea-level rise 
Organizer: Global Climate Forum 
Short description: The coastal impact model inter-comparison project (CoastMIP) is an open, 
community-driven initiative aimed at generating, comparing and synthesising policy-relevant 
information on coastal impacts of climate change and sea-level rise at global and continental scales 
(called large-scales hereafter) within the framework of the Inter-Sectoral Impact Model 
Intercomparison Project (ISIMIP) project. For more information see http://www.coastmip.org/ and 
https://www.isimip.org/. 

http://www.isimip.org/outcomes/upcoming-cross-sectoral-isimip-online-workshop-2021/
http://www.coastmip.org/
http://www.isimip.org/
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In order to be salient for policy making, such impact assessments must systematically consider all 
major uncertainties including scenario uncertainty, climate model uncertainty, internal variability 
and impact model uncertainty. A failure to do so can misguide policy. 
The envisaged workshop brought together coastal extreme sea-level and impact modellers from 
around the world to develop a CoastMIP strategy for the next two years. Specifically the workshop's 
objectives were: 
• To review the major dimensions of uncertainty in large-scale coastal flood risk assessments. 
• To develop a protocol and time-line that specifies how the CoastMIP group can collaborate over 
the next two years in order to better quantify the major uncertainties through joint modelling 
experiments and comparisons of, models results and approaches. 
Date: 28-29, November 2018, Berlin 

 

Title: Second CoastMIP/ISIpedia workshop on large scale coastal flood risk assessment under sea- 
level rise 
Organizer: Global Climate Forum 
Short description: Objectives of the workshop were: 
- To discuss recent advances in the assessment of current and future large-scale coastal flood hazard, 
vulnerability, exposure and risk. 
- To develop common collaborative research plans for quantifying and reducing the major 
uncertainties in large scale coastal flood risk through joint modeling experiments and comparisons of 
results and approaches. 
Date: 10-11 June 2020, virtual 
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MEDSCOPE Seasonal forecasts in the Mediterranean region 
 

https://www.medscope-project.eu/ 
 

Lead PI: Gualdi Silvio, Fondazione CMCC, Italia 

Research performing organisations: Fondazione CMCC, CNR, RMI, BSC, AEMET, Météo France, INRA 

A1: Articles in scientific peer-reviewed journal 
Published: 
1. Mezzina, B.; F. M. Palmeiro; J. Garcia-Serrano; I. Blade; L. Batte and M. Benassi, 2021: Multi- 
model assessment of the late-winter stratospheric response to El Nino and La Nina. Climate 
Dynamics, DOI: 10.1007/s00382-021-05836-3. 
https://link.springer.com/content/pdf/10.1007/s00382-021-05836-3.pdf 

 
2. Prodhomme, C.; S. Materia; C. Ardilouze; R.H. White; L. Batte; V. Guemas; G. Fragkoulidis, 
and J. Garcia-Serrano, 2021: Seasonal prediction of European summer heatwaves. Climate Dynamics, 
DOI: 10.1007/s00382-021-05828-3. 
https://link.springer.com/content/pdf/10.1007/s00382-021-05828-3.pdf 

 
3. Materia, S.; C. Ardilouze; C. Prodhomme; M.G. Donat; M. Benassi; F.J. Doblas-Reyes; D. 
Peano; L.P. Caron; P. Ruggieri and S. Gualdi, 2021: Summer temperature response to extreme soil 
water conditions in the Mediterranean transitional climate regime. Climate Dynamics, 
DOI:10.1007/s00382-021-05815-8. 
https://link.springer.com/content/pdf/10.1007/s00382-021-05815-8.pdf 

 

4. Portal, A.; P. Ruggieri; F. M. Palmeiro; J. Garcia-Serrano; D. I. V. Domeisen, and S. Gualdi, 
2021: Seasonal prediction of the boreal winter stratosphere. Climate Dynamics, DOI: 
10.1007/s00382-021-05787-9. 
https://link.springer.com/content/pdf/10.1007/s00382-021-05787-9.pdf 

 
5. Benassi, M.; G. Conti; S. Gualdi; P. Ruggieri; S. Materia; J. Garcia-Serrano; F.M. Palmeiro; L. 
Batte and C. Ardilouze, 2021: El Nino teleconnection to the Euro-Mediterranean late-winter: the role 
of extratropical Pacific modulation. Climate Dynamics, DOI:10.1007/s00382-021-05768-y. 
https://link.springer.com/content/pdf/10.1007/s00382-021-05768-y.pdf 

 

6. Zhang, L.; B. Van Schaeybroeck; S. Caluwaerts; P. Termonia; N. Van de Weghe, 2021: 
Analyzing and Visualizing Spatiotemporal Patterns of El Nino Teleconnections Using Attribute 
Trajectories. Atmosphere, DOI:10.3390/atmos12040414. 
https://www.mdpi.com/2073-4433/12/4/414/pdf 

 
7. Giuntoli, I.; F. Fabiano and S. Corti, 2021: Seasonal predictability of Mediterranean weather 
regimes in the Copernicus C3S systems. Climate Dynamics, DOI: 10.1007/s00382-021-05681-4. 
https://link.springer.com/content/pdf/10.1007/s00382-021-05681-4.pdf 

 
8. Vannitsem, S. and co-authors, 2021: Statistical Postprocessing for Weather Forecasts: Review, 
Challenges, and Avenues in a Big Data World. Bulletin of the American Meteorological Society. DOI: 
10.1175/BAMS-D-19-0308.1. 
https://journals.ametsoc.org/view/journals/bams/102/3/BAMS-D-19-0308.1.pdf 

https://www.medscope-project.eu/
http://www.mdpi.com/2073-4433/12/4/414/pdf
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9. Van den Hende, C.; B. Van Schaeybroeck; J. Nyssen; S. Van Vooren; M. Van Ginderachter; P. 
Termonia, 2021: Analysis of rain-shadows in the Ethiopian Mountains using climatological 
model data. Climate Dynamics, DOI:10.1007/s00382-020-05554-2. 
https://link.springer.com/article/10.1007%2Fs00382-020-05554-2 
10. Ardilouze, C.; S. Materia; L. Batte; M. Benassi and C. Prodhomme, 2020: Precipitation 
response to extreme soil moisture conditions over the Mediterranean. Climate Dynamics, 
DOI:10.1007/s00382-020-05519-5. 
https://link.springer.com/content/pdf/10.1007/s00382-020-05519-5.pdf 

 
11. Santos, J. A.; A. Ceglar; A. Toreti and C. Prodhomme, 2020: Performance of seasonal forecasts 
of Douro and Port wine production. Agricolture and Fporest Meteorology. DOI: 
10.1016/j.agrformet.2020.108095 
https://www.sciencedirect.com/science/article/abs/pii/S0168192320301970?via%3Dihub 

 

12. Mezzina, B.; J. Garcia-Serrano; I. Blade; F.M. Palmeiro; L. Batte; C. Ardilouze; M. Benassi and S. 
Gualdi, 2020: Multi-model assessment of the late-winter extra-tropical response to El Nino and La 
Nina. Climate Dynamics, DOI:10.1007/s00382-020-05415-y. 
https://link.springer.com/content/pdf/10.1007/s00382-020-05415-y.pdf 

 
13. Terzago, S. anc co–authors, 2020: Sensitivity of snow models to the accuracy of 
meteorological forcings in mountain environments. Hydrology and Earth System Sceince, DOI: 
10.5194/hess-24-4061-2020. 
https://hess.copernicus.org/articles/24/4061/2020/hess-24-4061-2020.pdf 

 
14. Volpi, D.; L. Batte; J.F. Gueremy and M. Deque, 2020: Teleconnection-based evaluation of 
seasonal forecast quality. Climate Dynamics, DOI: 10.1007/s00382-020-05327-x. 
https://link.springer.com/article/10.1007%2Fs00382-020-05327-x 

 
15. Ruggieri, P.; M.C. Alvarez-Castro; P. Athanasiadis; A. Bellucci; S. Materia and S. Gualdi, 2020: 
North Atlantic Circulation Regimes and Heat Transport by Synoptic Eddies. Journal of Climate, DOI: 
10.1175/JCLI-D-19-0498.1. 
https://journals.ametsoc.org/downloadpdf/journals/clim/33/11/jcli-d-19-0498.1.pdf 

 
16. Palmeiro, F.M.; J. Garcia-Serrano; O. Bellprat; P.A. Bretonniere and F.J. Doblas-Reyes, 2020: 
Boreal winter stratospheric variability in EC-EARTH: High-Top versus Low-Top. Climate Dynamics, DOI: 
10.1007/s00382-020-05162-0. 
https://link.springer.com/article/10.1007%2Fs00382-020-05162-0 

 
17. Materia, S; A. G. Munoz; M.C. Alvarez-Castro; S.J. Mason; F. Vitart and S. Gualdi, 2020: 
Multimodel Sub–seasonal Forecasts of Spring Cold Spells: Potential Value for the Hazelnut 
Agribusiness. Weather and Forecasting, DOI: 10.1175/WAF-D-19-0086.1. 
https://journals.ametsoc.org/view/journals/wefo/35/1/waf-d-19-0086.1.pdf 

 

18. Lledo, Ll.; V. Torralba; A. Soret; J. Ramon and F.J. Doblas-Reyes, 2019: Seasonal forecasts of 
wind power generation . Renewable Energy, DOI: 10.1016/j.renene.2019.04.135. 
https://www.sciencedirect.com/science/article/pii/S0960148119306196?via%3Dihub 

 
19. Marcos, R.; N. Gonzalez-Reviriego; V. Torralba; A. Soret and F.J. Doblas-Reyes, 2019: 
Characterization of the near surface wind speed distribution at global scale: ERA-Interim reanalysis 
and ECMWF seasonal forecasting system 4. Climate Dynamics, DOI: 10.1007/s00382-018-4338-5. 

http://www.sciencedirect.com/science/article/abs/pii/S0168192320301970?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S0960148119306196?via%3Dihub
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20. Ruffault, J.; N. Martin-StPaul; F. Pimont and J.L. Dupuy, 2019: How well do meteorological 
drought indices predict live fuel moisture content (LFMC)? An assessment for wildfire research and 
operations in Mediterranean ecosystems. Agriculture and Forest Meteorology, DOI: 
10.1016/j.agrformet.2018.07.031. 
https://www.sciencedirect.com/science/article/abs/pii/S0168192318302521?via%3Dihub 

 
21. Sanchez-Garcia, E; J. Voces-Aboy; B. Navascues; E. Rodriguez-Camino, 2019: Regionally 
improved seasonal forecast of precipitation through Best estimation of winter NAO. Advances in 
Science and Research, DOI:10.5194/asr-16-165-2019. 
https://asr.copernicus.org/articles/16/165/2019/asr-16-165-2019.pdf 

 

22. Voces-Aboy, J.; I. Abia-Llera; E. Sanchez-Garcia; B. Navascues; E. Rodriguez-Camino; M.N 
Garrido-del-Pozo; M.C. Garcia-Gomez; J.A. Alvarez-Gonzalez and F. Pastor-Arguello, 2019: Web- 
based decision support toolbox for Spanish reservoirs. Advances in Science and Research, 
DOI:10.5194/asr-16-157-2019 
https://asr.copernicus.org/articles/16/157/2019/asr-16-157-2019.pdf 

 
23. Rodriguez-Guisado, E; A.A. Serrano-de la Torre; E. Sanchez-Garcia; M. Dominguez-Alonso, M 
and E. Rodriguez-Camino, 2019: Development of an empirical model for seasonal forecasting over 
the Mediterranean. Advances in Science and Research, DOI:10.5194/asr-16-191-2019. 
https://asr.copernicus.org/articles/16/191/2019/asr-16-191-2019.pdf 

 

24. Terzago, S.; E. Palazziand J. von Hardenberg, 2018: Stochastic downscaling of precipitation in 
complex orography: a simple method to reproduce a realistic fine-scale climatology. Natural Hazards 
and Earth System Sciences, DOI:10.5194/nhess-18-2825-2018. 
https://nhess.copernicus.org/articles/18/2825/2018/nhess-18-2825-2018.pdf 

 
25. Vannitsem, S. and P. Ekelmans, 2018: Causal dependences between the coupled ocean- 
atmosphere dynamics over the tropical Pacific, the North Pacific and the North Atlantic. Earth 
System Dynamics, DOI: 10.5194/esd-9-1063-2018. 
https://esd.copernicus.org/articles/9/1063/2018/esd-9-1063-2018.pdf 

 

26. Lledo, L.; O. Bellprat; F.J. Doblas-Reyes and A. Soret, Albert, 2018: Investigating the Effects of 
Pacific Sea Surface Temperatures on the Wind Drought of 2015 Over the United States. Journal of 
Geophysical Research – Atmosphere, DOI:10.1029/2017JD028019. 
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2017JD028019 

 
In Publication: 
1. Rodriguez-Guisado E., A. Serrano de la Torre, E. Sanchez-Garcia, M. Domínguez-Alonso and E. 
Rodríguez-Camino, 2021: Sources of predictability over the Mediterranean: impact on the skill of an 
empirical model. Climate Dynamics, in publication. 

 

2. Calì Quaglia F., Terzago S. and J. von Hardenberg, 2021: Temperature and precipitation 
seasonal forecasts over the Mediterranean region: added value compared to simple forecasting 
methods. Climate Dynamics, in publication. 

 
3. Ruggieri P., M. Benassi, D. Peano, C. Ardilouze, Batté L. and S. Gualdi, 2021: On the role of 
Eurasian autumn snow cover in dynamical seasonal predictions. Climate Dynamics, in publication. 

https://link.springer.com/content/pdf/10.1007/s00382-018-4338-5.pdf
http://www.sciencedirect.com/science/article/abs/pii/S0168192318302521?via%3Dihub


173 

 

 

 
 
 

4. Palmeiro F. M., J. García-Serrano, P. Ruggieri, L. Batté, S. Gualdi, 2021: Intraseasonal 
modulation of sudden stratospheric warmings by ENSO. Climate Dynamics, in publication. 
5. Pérez-Zanón, N, L-P Caron, S Terzago, B Van Schaeybroeck, L Lledó, N Manubens, E Roulin, M 
C Alvarez-Castro, L Batté, C Delgado-Torres, M Domínguez, J von Hardenberg, E Sánchez, V Torralba, 
D Verfaillie. The CSTools Toolbox: from Climate Forecasts to Climate Forecast Information. In 
preparation to be submitted to Geoscientific Model Development. 

 
A2: Article / Book intended for large audiences 
None 

 

A3: Project document with public access 
The following project Deliverables, which may be of interest to scientists, researchers and 
stakeholders even outside the MEDSCOPE community, are made publicly available on the project 
website: 

 
Title: D2.1 Sources of climate predictability from seasonal to multiannual timescales in the 
Mediterranean region 
Authors: Susanna Corti, Ignazio Giuntoli (CNR-ISAC) Lauriane Batté, Constantin Ardilouze 
(MeteoFrance) Stefano Materia (CMCC), Marianna Benassi (CMCC), Paolo Ruggieri (CMCC), Froila 
Palmeiro (BSC/UB), Javier Garcia Serrano (BSC/UB) 
URL: https://drive.google.com/file/d/18bPYysWyyO0fNrkuvKeaUxn3vi7dJfaU/view?usp=sharing 
Description: This report presents a review of the sources of extended range predictability in the 
Mediterranean region. 

 

Title: D2.2 Assessment of the ability of the state-of-the-art climate prediction systems to represent 
mechanisms of predictability in the Mediterranean and role of the systematic errors. Authors: 
Prodhomme C. (MeteoFrance), L. Batté (MeteoFrance), C. Ardilouze (MeteoFrance), S. Materia 
(CMCC), M. Benassi (CMCC), P. Ruggieri (CMCC), J. Garcia Serrano (BSC/UB), E. Rodriguez Guisado 
(AEMET). 

URL: https://www.medscope-project.eu/the-project/deliverables-reports/ 
Description: The report summarizes the ability of the state-of-the-art forecast systems to represent 
mechanisms of predictability in Europe and more specifically in the Mediterranean region. We have 
analyzed the C3S seasonal forecasts systems (CMCC, DWD, ECMWF and MeteoFrance). 

 
Title: D2.3 Final version of the empirical forecasting system 
Author: Esteban Rodriguez-Guisado (AEMET) 
URL: https://www.medscope-project.eu/the-project/deliverables-reports/ 
Description: This report describes the final version of the empirical forecasting system, together with 
an evaluation of its skill. 

 

Title: D3.1 Case study investigation of the CSTools toolbox for skill assessment of climate forecasts 
Author: Nuria Perez-Zanon (BSC), Louis-Philippe Caron (BSC), Silvia Terzago (CNR-ISAC), Bert Van 
Schaeybroeck (RMI), Llorenc Lled   (BSC), Nicolau Manubens (BSC), Emmanuel Roulin (RMI), 
Stephane Vannitsem (RMI), M. Carmen Alvarez-Castro (CMCC), Lauriane Batté (CNRS), Carlos 
Delgado-Torres (BSC), Marta Dominguez (AEMET), Jost von Hardenberg (CNR-ISAC), Eroteida Sanchez 
(AEMET), Veronica Torralba (CMCC), Deborah Verfaillie (BSC) 
URL: https://www.medscope-project.eu/the-project/deliverables-reports/ 
Description: Presentation of three high-level use cases showing the added value of the CSTools 
toolbox to post-processes climate forecasts. 

http://www.medscope-project.eu/the-project/deliverables-reports/
http://www.medscope-project.eu/the-project/deliverables-reports/
http://www.medscope-project.eu/the-project/deliverables-reports/
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Title: D3.2 Toolbox 
Author: Louis-Philippe Caron (BSC), Nuria Perez-Zanon (BSC), Filippo Cali Quaglia (ISAC-CNR), Carmen 
Alvarez-Castro (CMCC) Nicola Cortesi (BSC), Susanna Corti (ISAC-CNR), Federico Fabiano, ISAC-CNR 
Ignazio Giuntoli, ISAC-CNR Jost von Hardenberg (ISAC-CNR), Llorenc LLedo (BSC), Nicolau Manubens 
(BSC), Eroteida Sanchez-Garcia (AEMET) Bert van Schaeybroeck, RMI Silvia Terzago, ISAC-CNR 
Veronica Torralba (CMCC) Deborah Verfaillie (BSC). 
URL: https://www.medscope-project.eu/the-project/deliverables-reports/ 
Description: The toolbox developed in MEDSCOPE provides tools to exploit dynamical seasonal 
forecasts in order to provide information relevant to stakeholders. Although the tools are primarily 
thought/designed for seasonal forecasts, they can also be used for sub-seasonal or decadal forecasts. 
Written in the open source programming language R, CSTools is now publicly available on the CRAN 
repository. The package contains approximately 50 functions, which can be divided in five broad 
categories: downscaling, verification, correction, plotting and basic functions. 

 
Title: D4.1 Assessment of the quality of sectoral prediction-based indicators 
Authors: Ernesto Rodriguez-Camino (AEMET), Silvia Terzago (CNR- ISAC), Andre Chancy (INRAE), 
Beatriz Navascues, (AEMET), Nieves Garrido (AEMET), Jean-Michel Soubeyroux (Meteo-France), 
Llorenc Lledo (BSC), Valentina Bacciu (CMCC) 
URL: https://www.medscope-project.eu/the-project/deliverables-reports/ 
Description: This report is focused on the identification and evaluation of variables and indicators 
relevant for the Mediterranean region and specific for each sector. It summarizes for each prototype 
developed during the project: i) variables and indicators identified as relevant; ii) evaluation in real 
time and/or hindcast period of seasonal forecasts for the selected variables and indicators; iii) results 
from probabilistic and deterministic verification scores applied to forecasted variables and indicators. 

 
B. Datasets that can be used as input to deliver a climate service 

B1: In open access 

Title: High-quality climate prediction data 
Authors: Silvia Terzago, Giulio Bongiovanni (CNR-ISAC) 
URL: http://wilma.to.isac.cnr.it/MEDSCOPE/downscaling/ 
Description: Seasonal forecast model outputs available in the C3S Climate Data Store have global 
coverage and spatial resolution of 1°. This resolution is usually too coarse compared to the scales 
needed in practical applications. Using a post-processing chain constructed from tools available in 
the CSTool package developed within the MEDSCOPE project (see also Section C “Software”), we 
downscaled two variables (surface air temperature, precipitation) at daily frequency from two C3S 
seasonal forecast systems (ECMWF System 5, Météo-France System 6) to a target resolution of 0.25° 
over the Mediterranean area. The downscaling is performed for two start dates (May 1st and 
November 1st) for the entire period 1993-2016. 
All techniques employed in the downscaling chain are extensively documented in the literature and 
implemented using functions from the R package CSTools developed in MEDSCOPE. 
Further information on the script used to downscale the data and the data themselves can be found 
here. 

 
C. Software that can be used to deliver a climate service 

http://www.medscope-project.eu/the-project/deliverables-reports/
http://www.medscope-project.eu/the-project/deliverables-reports/
http://wilma.to.isac.cnr.it/MEDSCOPE/downscaling/
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C1: In open access 
 

Title: Climate Service Tools (CSTools) software package. 
URL: https://cran.r-project.org/web/packages/CSTools/index.html 
Description: MEDSCOPE is developing and distributing a toolbox, CSTools, designed and built to 
improve the quality of climate forecasts in the Mediterranean region on seasonal to multi-annual 
scales, along with a number of examples of sectoral applications of relevance for the region. The 
package contains approximately 50 functions, which can be divided in five broad categories: 
downscaling, verification, correction, plotting and basic functions. The package includes the 
description of each individual function through the typical R channels, including the pdf document 
and an overview of the package is also available in a poster format here. 
Main authors: N. Perez-Zanon (BSC), L.-P. Caron (BSC), L. Batté, C. Alvarez-Castro (CMCC), C. Delgado- 
Torres, M. Dominguez, J. von Hardenberg (CNR), L. LLedo (BSC), Nicolau Manubens (BSC), Eroteida 
Sanchez-Garcia (AEMET), Bert van Schaeybroeck (RMI), S. Terzago (CNR), Veronica Torralba (BSC), 
Deborah Verfaillie (MeteoFrance). 

 
Title: CDS data downloader 
Description: MEDSCOPE has developed a downloader for CDS data that allows to download data and 
structures them in a way that is compatible with CSTools. The downloader is accessible here. 
Main authors: P.-A. Bretonnière (BSC), N. Perez-Zanon (BSC), L.-P. Caron (BSC) 

 
D. Full service ready to operate 
Within MEDSCOPE a set of prototypes of climate prediction-based services for the Mediterranean 
region have been developed and implemented. Some of these prototypes, in particular those that 
are already performing their operation, are listed here below. Besides, some of these services could 
become operational and continue to operate also after the end of the project. 

 
D1: Interactive Web Site 
Title: Seasonal Climate predictions in support of Water Reservoirs management (S-ClimWaRe) 
URL: http://embalses.aemet.es/embalses/sclimwareS5.html 
Description: in the framework of MEDSCOPE, AEMET has developed a new and substantially 
enhanced version of the web based toolbox designed by the S-ClimWaRe (Seasonal Climate 
predictions in support of Water Reservoir management) initiative jointly with the Spanish DG Water 
and River Basin Authorities to provide advanced hydrological seasonal forecasts. The prototype has 
also produced alternative November to March water inflow forecasts for this web tool over a pilot 
water reservoir through application of two CS-Tools developments: a) downscaling of a global 
Seasonal Forecasting System (SFS) to feed two alternative hydrological models (SIMPA and SURFEX), 
and b) ensemble members weighting based on the Best NAO estimate obtained by optimal 
combination of SFS. 
Authors: AEMET 

 

Title: Winter cereal crops harvest yield predictions for Castilla y León region 
URL: http://cosechas.itacyl.es/ 
Description: Aquacrop crops growth model is being used to provide winter cereal crops harvest yield 
predictions in Castilla y León región since the 2015 campaign. Currently, AquaCrop is fed by 
climatological data for the prediction lead times on seasonal scales. In 4.3 task of MEDSCOPE, AEMET 
has tested the downscaling of a global SFS for spring AMJ seasonal forecasts to produce the cereal 
yield predictions. 
Authors: AEMET 

http://embalses.aemet.es/embalses/sclimwareS5.html
http://cosechas.itacyl.es/
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Title: Seasonal forecasts of mountain snow depth for water management 
URL: http://wilma.to.isac.cnr.it/diss/snowpack/snowseas-eng.html 
Description: In the framework of the MEDSCOPE project CNR has developed a new prototype 
providing seasonal forecasts of mountain snow depth evolution for the management of water 
resources. Seasonal forecasts of the main meteorological variables provided by ECMWFS5 and MFS6 
are bias-corrected, downscaled and then used to run the SNOWPACK model and to forecast snow 
depth and snow water equivalent variability from November 1st to May 31st of the following year. 
The web tool allows to visualize the forecasts for the current season and for all past seasons since 
1995 at three different sites, relevant for water management, hydropower production and winter ski 
tourism. 
Authors: CNR 

D3: Service based on tailored reports and advices 

Title: Mediterranean Seasonal Climate Update (MSCU) 

URL: https://www.medscope-project.eu/products/mediterranean-seasonal-climate-update/ 
Description: MEDSCOPE prepares regularly (monthly basis) a bulletin reporting a seasonal forecast 
for the Mediterranean region. The bulletin is currently based on the Copernicus C3S seasonal 
forecasting multi-system, on the North American Multi Model Ensemble system (NMME) and on the 
AEMET statistical forecasting system. The MSCU is made publicly and freely available through the 
MEDSCOPE website, disseminated through the MedCOF community, and its publication will continue 
also after the end of the project. 
Authors: CMCC 

 
D4: Training Sessions 

 
Title: MEDSCOPE training session at the MedCOF 
Description: MEDSCOPE has organized and held training courses at the MedCOF (Mediterranean 
Climate Outlook Forum, which is one of the Regional Climate Outlook Forum (RCOFs) fostered by the 
WMO). Specifically, four training courses organized as PreCOF events have been held in 2019, during 
the MedCOF 13th (http://medcof.aemet.es/index.php/events/medcof13), in 2020 during the 
MedCOF 14th (http://medcof.aemet.es/index.php/events/medcof14) and the MedCOF 15th 
(http://medcof.aemet.es/index.php/events/medcof15), and in 2021 during the MedCOF 16th 
(http://medcof.aemet.es/index.php/events/medcof-16). The training courses have provided an 
overview and a discussion of the climate variability and sources of predictability in the 
Mediterranean region, have illustrated the CSTool and its functions, and examples of climate service 
prototypes base on predictions in the Mediterranean area. 
Authors: AEMET, BSC, CMCC, CNR–ISAC, MeteoFrance. 

 
Title: CSTool video tutorials 
URL: https://www.medscope-project.eu/products/tool-box/cstools-video-tutorials/ 
Description: MEDSCOPE has produced a series of short video tutorials, available through the project 
website here, to help anyone interested in using CSTools to familiarize themselves with the package 
and to demonstrate how it can be used for a variety of purposes. 
Authors: AEMET, BSC, ISAC-CNR, RMI. 

 
Regarding the future of the above services after the end of MEDSCOPE: 
F1: Continue operating the service without the need of external funding 
• The publication of the Mediterranean Seasonal Climate Update (MSCU) will be continued 
also after the end of the project. 

http://wilma.to.isac.cnr.it/diss/snowpack/snowseas-eng.html
http://www.medscope-project.eu/products/mediterranean-seasonal-climate-update/
http://medcof.aemet.es/index.php/events/medcof13)
http://medcof.aemet.es/index.php/events/medcof13)
http://medcof.aemet.es/index.php/events/medcof14)
http://medcof.aemet.es/index.php/events/medcof14)
http://medcof.aemet.es/index.php/events/medcof15)
http://medcof.aemet.es/index.php/events/medcof15)
http://medcof.aemet.es/index.php/events/medcof-16)
http://medcof.aemet.es/index.php/events/medcof-16)
http://www.medscope-project.eu/products/tool-box/cstools-video-tutorials/
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• The training activities addressed to the MedCOF community will be continued also after the 
end of the project. 
• The climate service prototype “Seasonal forecasts of mountain snow depth for water 
management” will be run by CNR on yearly basis using available observations. 

 
F2: Continue operating the service subject to external funding 
A number of climate service prototypes that have been developed within MEDSCOPE can be made 
operational and continue their activity subject to the availability of external funds. For example, the 
climate service prototype “Seasonal forecasts of mountain snow depth for water management” 
could improve the service by issuing the forecasts on a monthly basis during the snow season 
November-May, or by running it over additional sites. 

 

F3: Transfer the service to an operational actor, e.g. an operational public agency or a private 
company, or a mix of the above options) 
• S-ClimWaRe: this service is already operational and its operations will be continued by 
AEMET also after the end of the project. 
• Winter cereal crops harvest yield predictions for Castilla y León region: this service is already 
operational and its operations will be continued by AEMET also after the end of the project. 

 
E. Other results not falling into the above categories 

 

E1: A network of stakeholders that can be mobilized to continue the development of a service 
The main stakeholder community for MEDSCOPE is the MedCOF (http://medcof.aemet.es/), i.e. the 
community of National Hydrometeorological Centres from more than 30 countries in Mediterranean 
basin, from the Atlantic to the Caspian Sea, that twice a year meets to produce a consensus seasonal 
forecast for the area. The MedCOF community (through the MedCOF Governing Board) has already 
expressed its interest in continuing to receive information and scientific support from the MEDSCOPE 
partners, in the form that will be possible after the end of the project. 

http://medcof.aemet.es/)


178 

 

 

 
 

SALIENSEAS Improving weather and sea ice services for the Arctic Ocean 
 

http://salienseas.com/ 
 

Lead PI: Lamers Machiel, Wageningen University and Research, The Netherlands 
 

Partner institutes: 
Danish Meteorological Institute, Denmark 
University of Tromso, Norwegian College of Fishery Science, Norway 
Norwegian Meteorological Institute, Norway 
Umea University, Department of Geography and Economic History, Sweden 

Research funding agencies: NWO, IFD, RCN, FORMAS 

A1: articles in peer-reviewed journal 
 

Stocker, A. N., Renner, A. H., & Knol-Kauffman, M. (2020). Sea ice variability and maritime activity 
around Svalbard in the period 2012–2019. Scientific reports, 10(1), 1-12. 

 
Hunke, E., Allard, R., Blain, P., Blockley, E., Feltham, D., Fichefet, T., ... & Zhang, J. (2020). Should Sea- 
Ice Modeling Tools Designed for Climate Research Be Used for Short-Term Forecasting?. Current 
Climate Change reports, 1-16. 

 
Blair, B., Lee, O. A., & Lamers, M. (2020). Four Paradoxes of the User–Provider Interface: A 
Responsible Innovation Framework for Sea Ice Services. Sustainability, 12(2), 448. 

 
Jeuring, J., Knol-Kauffman, M., & Sivle, A. (2020). Toward valuable weather and sea-ice services for 
the marine Arctic: exploring user–producer interfaces of the Norwegian Meteorological Institute. 
Polar Geography, 43(2-3), 139-159. 

 
Palerme, C., M. Müller, A. Melsom, An intercomparison of verification scores for evaluating the sea 
ice edge position in seasonal forecasts (2019) Geophysical Research Letters 46 (9), 4757-4763 

 
Melsom, A., C. Palerme, M. Müller, Validation metrics for ice edge position forecasts (2019) Ocean 
Science 15 (3), 615-630 

 

Haavisto, R., Lamers, M., Thoman, R., Liggett, D., Carrasco, J., Dawson, J., ... & Stewart, E. (2020). 
Mapping weather, water, ice and climate (WWIC) information providers in Polar Regions: who are 
they and who do they serve?. Polar Geography, 43(2-3), 120-138. 

 
Stewart, E. J., Liggett, D., Lamers, M., Ljubicic, G., Dawson, J., Thoman, R., ... & Carrasco, J. (2020). 
Characterizing polar mobilities to understand the role of weather, water, ice and climate (WWIC) 
information. Polar Geography, 43(2-3), 95-119. 

 
Blair, B., Crookall, D., Palerme, Blair, Muller, Lamers (under review). Coproducing Sea-Ice Predictions 
with Stakeholders Using Simulation-Gaming. Weather, Climate and Society. 

 
Blair, B., Gierisch, A., Jeuring, J., Olsen, S., Lamers, M (in preparation) Factors that impact uptake of 
new and automated sea-ice information: Do users and producers agree? Weather, Climate and 
Society. 

http://salienseas.com/
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A3: Project document with public access 
Lamers, M. A. J., Knol, M., Müller, M., Blair, B., Jeuring, J., Rasmussen, T., & Sivle, A. (2018). 
Enhancing the Saliency of climate services for marine mobility sectors in European Arctic seas 
(SALIENSEAS): Stakeholder Advisory Group workshop report. http://salienseas.com/ 

 
Blair, B., & Muller-Stoffels, M. (2019). Maritime Futures 2035: The Arctic Region: Workshop Report & 
Technical Documentation. http://salienseas.com/ 

 
Jeuring, J., & Knol-Kauffman, M. (2019). Mapping Weather, Water, Ice and Climate Knowledge & 
Information Needs for Maritime Activities in the Arctic. Survey Report. http://salienseas.com/ 

 

Buis-Hinkler, J. (2020) Seasonal Atlas of Greenland Icebergs SeasonalAtlasGreenland.pdf (dmi.dk) + 
http://salienseas.com/ 

 
Gierisch, A., Blair, B., Lamers, M (2021). Report about the DMI/SalienSeas user-workshop: New ice 
products for Greenlandic waters. 12. and 22. February 2021. http://salienseas.com/ 

 
Jeuring, J., Lamers, M. (2021) Towards useful forms of co-production in metocean services for the 
European Arctic. http://salienseas.com/ 

 
Selected online news items and products 
Lamers, M. Marine Climate Services in the Arctic: safe navigation in frozen water. Online source: 
https://www.wur.nl/en/article/Marine-Climate-Services-in-the-Arctic-safe-navigation-in-frozen- 
water.htm 

 
Blair, B. MARITIME FUTURES 2035: THE ARCTIC REGION. SALIENSEAS SCENARIO WORKSHOP, 
DENMARK. Online source: https://polarconnection.org/salienseas-scenario-workshop-denmark/ 

 
Thoman, R & Lamers, M. Looking North: Perspectives of European Arctic Users. Online source: 
https://blogs.helmholtz.de/polarpredictionmatters/2018/05/looking-north-perspectives-of- 
european-arctic-users/ 

 

Lamers, M., Kloppenburg, S. et al. Digital platforms for sustainability governance. Online source: 
https://www.wur.nl/en/show/Brochure-digital-platforms-WCSG.htm 

 
Lamers, M. SALIENSEAS: Enhancing the Salience of climate services for marine mobility Sectors in 
European Arctic Seas. Online source: 
https://klimaatadaptatienederland.nl/overheden/nas/kennis/aanpak- 
programma/programma/era4cs/overzicht-era4cs-projecten-nederlandse-partijen/salienseas/ 

 

A4: Project document with access reserved to project partners or specific users 
Consultations with stakeholders regarding products and services, resulting in reports/transcripts with 
restricted access: 

Survey consultation questions 

Demonstration services consultation 

D1. Interactive website 

http://salienseas.com/
http://salienseas.com/
http://salienseas.com/
http://salienseas.com/
http://salienseas.com/
http://salienseas.com/
http://www.wur.nl/en/article/Marine-Climate-Services-in-the-Arctic-safe-navigation-in-frozen-
http://www.wur.nl/en/show/Brochure-digital-platforms-WCSG.htm


180 

 

 

 
 
 

Product 1: Sea-ice monitoring and forecasting (F3) 
Map interface of combined sea-ice charts, based on satellite obervations (from MET-no) and 7-day 
forecasts from the Copernicus Arctic Marine Forecasting Center. This product provides a zoomable 
map of the Arctic with information on both the sea ice edge, sea ice concentration, as well as the 
direction of sea ice drift in the next days. 
Authors: Cyril Palerme, Malte Muller (MET.no) 
Website: Sea-ice Monitoring and Forecasting (metno-salienseas.com) 

 
Product 2: Seasonal Forecast of Sea ice (F3) 
Map interface providing a zoomable map of the Arctic with (sub)seasonal forecasts of sea-ice 
probabilities in the Arctic ocean based on ECMWF's seasonal prediction system. Next to the 
forecasting service itself the product also includes detailed information on the reliability of the 
service. 
Authors: Cyril Palerme, Malte Muller (MET.no) 
Website: Arctic Marine Demonstration Services (metno-salienseas.com) 

 
Product 3: Iceberg Atlas Service (F1) 
Weekly climatology of icebergs around Greenland. This atlas shows the seasonal distribution of the 
icebergs - observed from space - in the waters around Greenland; it is a service developed- and 
provided by the SALIENSEAS project. The atlas consists of a series of maps that displays iceberg 
statistics for each of the 52 weeks of the year. Note that the maps show statistics on icebergs 
detected in open-water only. This is due to the presence of rugged structures in the sea ice (such as 
ridges and rubble fields), that make iceberg-detection in sea-ice infested areas uncertain. 
Authors: Jorgen Buis-Hinkler, Andrea Gierisch, Steffen Olsen (DMI) 
Website: Iceberg atlas (dmi.dk) 

 
Product 4: Sea ice forecast for Greenland (F3) 
Map-based, zoomable high-resolution sea ice forecast of ice concentration, ice thickness and ice drift 
speed for Greenland for the upcoming 5 days. The service is based on data from the coupled sea ice- 
ocean model HYCOM-CICE with about 4 km resolution Sea ice forecast for Greenland. This service is 
focused on shipping sectors active around Greenland, including cargo shipping, cruise tourism and 
fishing. 
Authors: Till Rasmussen, Andrea Gierisch, Steffen Olsen (DMI) 
Website: Demo: Sea ice forecast (dmi.dk) 

 

Product 5: Monthly fast ice climatology for West-Greenland (2016-2019) (F1) 
Map-based zoomable interface providing monthly values of fast ice coverage for West-Greenland 
based on a climatology of the years 2016-2019. The service is based on data from the coupled sea 
ice-ocean model NEMO-SI3 with about 3 km resolution. This service is focused on local communities 
in West-Greenland that depend on fast ice for transportation, hunting and fishing. 
Authors: Andrea Gierisch, Till Rasmussen, Steffen Olsen (DMI) 
Website: Demo: Fast ice climatology (dmi.dk) 

 
Product 6: Ice charts with highlighted fast ice extent (for Qaanaaq, Greenland) (F1) 
Map-based, zoomable ice charts, with highlighted fast ice area for Qaanaaq, West Greenland. The 
service is based on data from DMI's operational ice charts, re-drawn to highlight the extent of fast ice 
for local inhabitants, who travel on fast ice. 
Authors: Andrea Gierisch, Till Rasmussen, Steffen Olsen (DMI) 
Website: Demo: Ice charts with highlighted fast ice (dmi.dk) 
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D4: Interactive training material or service (explain the procedure) 
ICEWISE: Simulation Game 
Online simulation game, developed by researchers at Wageningen University and Research, which is 
a modified version of the ICEWISE gaming environment that was tested on January 28, 2020 at the 
SALIENSEAS workshop held at the University of Tromsø. The S2S sea-ice demonstration service 
featured herein was developed by project partners at the Norwegian Meteorological Institute, and 
integrated into this online simulation for educational purposes. The simulation game is available for 
educational purposes: it is accessable through the SALIENSEAS website and can be played online. 
ICEWISE Simulation Game – SALIENSEAS 

 

E1: A network of stakeholders that can be mobilized to continue the development of a service 
Follow up projects from SALIENSEAS partly building on the same network of stakeholders: 

- SVALNAV (2019 - 2021), funded by the Copernicus Marine Environment Monitoring Service 
(CMEMS). Collaboration between the Norwegian Meteorological Institute (Cyril Palerme and 
Malte Müller) and the company Drift+Noise in order to develop an application for delivering 
sea ice information (satellite observations and short-term forecasts) around the Svalbard 
archipelago. 

- Focus (2020 – 2023). Funded by the Norwegian Research Council. Collaboration between 
WUR, MET.no, Hurtigruten and Navtor. 
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SENSES A climate scenario toolkit for policy makers 
 

http://senses-project.org/ 
 

SENSES had for objective the development of a tailor-made, user- determined Climate Change 
Scenario Toolkit (“SENSES” Toolkit, https://climatescenarios.org/toolkit/) connecting the new 
generation of climate community (CC) scenarios to selected user and stakeholder groups. 

Lead PI: Kriegler Elmar, Potsdam Institute for Climate Impact Research, Germany 

Partner institutes: 

University of Applied Sciences Potsdam, Germany 
International Institute for Applied Systems Analysis, Austria 
Wageningen University, The Netherlands 
Stockholm Environment Institute, Sweden 

 
Research funding agencies: DLR, BMWFW, NWO, FORMAS 

 
 

A1: Articles in scientific peer-reviewed journal 
 

“Climate change scenario services: from science to facilitating action”. Peer reviewed journal article 
on the vision of climate change scenario services. 
Authors: Cornelia Auer, Elmar Kriegler, Henrik Carlsen, Kasper Kok, Simona Pedde, Volker Krey, Boris 
Müller. Under review in OneEarth 
Contact: coauer@pik-potsdam.de 

 
“Developing Local/Regional Socioeconomic Scenarios for Climate Change Research Using the SSPs as 
‘Boundary Conditions”. Review article on regional extensions of global SSPs. Manuscript to be 
submitted. Authors: S. Pedde, S. Talebian, O. Johnson, H. Carlsen, K. Kok, E. Kemp-Benedict 
Contact: Kok, Kasper <kasper.kok@wur.nl> 

 
“Diversity in global environmental assessments scenario sets”. Peer reviewed journal. Manunscript 
to be submitted. Authors: S. Talebian, H. Carlsen, S. Pedde, K. Kok 
Contact: Henrik Carlsen <henrik.carlsen@sei.org> 

 

“Using global climate scenario knowledge as wildcards to co-produce robust pathways; a case study 
of the Dutch Overijsselse Vecht”. Research article describing robust pathways for the Vecht to 
achieve a multiscale vision of sustainability, using global climate scenario information. To be 
submitted. Authors: De Jong, C.E., Kok, K., Pedde, S 
Contact: Kok, Kasper kasper.kok@wur.nl 

 
”Assessing future cross-border climate impacts using shared socioeconomic pathways”. Research 
article on using multi-scale socioeconomic scenarios for adaptation to future cross-border climate 
impacts in Kenya. 
Authors: Sara Talebian, Henrik Carlsen, Oliver Johnson, Jan Volkholz, Elvine Kwambokac 
Accepted: https://www.sciencedirect.com/science/article/pii/S2212096321000401 

http://senses-project.org/
mailto:coauer@pik-potsdam.de
mailto:kasper.kok@wur.nl
mailto:henrik.carlsen@sei.org
mailto:kasper.kok@wur.nl
http://www.sciencedirect.com/science/article/pii/S2212096321000401
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“Ambiguity in social ecological systems; advancing modelling of stakeholder perceptions in relation 
to climate change adaptation in Kenya”. Research article describing a co-production based method to 
model with multiple knowledge frames. 
Authors: De Jong, C.E. and Kok, K. 2021.. Environmental Modelling and Software 141: 105054. 
Accepted: https://doi.org/10.1016/j.envsoft.2021.105054 

 
A3: Project document with public access 

 
Title: “Assessment of existing climate change scenarios and co-production techniques”. Stocktake of 
the state-of-the-art of existing climate change scenarios through the lens of user needs, including the 
needs of regional case study users in the Netherlands and Kenya. Plus a comprehensive review of ‘co- 
production’ techniques for scenario work. 
Authors: Nienke Ansems, Cornelia Auer, Henrik Carlsen, Stephanie Galaitsi, Oliver Johnson, Eric 
Kemp-Benedict, Amanda Kohn, Elmar Kriegler, Kasper Kok, Robert Ochieng, Sara Talebian, Jan 
Volkholz 
Download here : http://senses- 
project.org/results/SENSES_D2_1_%20Assessment%20of%20existing%20scenarios%20and%20co- 
production%20techniques.pdf 

 
Title: “Guidelines for co-production with stakeholders from policy, business, and finance with a 
global perspective”. Manual for workshop concepts and for co-production of knowledge with climate 
change scenarios and the SENSES toolkit. The document has a focus on the co-production of 
knowledge with stakeholders from policy, business and finance that have a global perspective. 
Authors: C.Auer, M. Bilogoub 
Download here: https://climatescenarios.org/share/SENSES_CoproductionManual_Global.pdf 

 
Title: “Guidelines for co-production of local and regional scenarios and adaptation pathways”. 
Guidelines for how to select and utilise co-production techniques to engage local and regional 
stakeholders in the development of socioeconomic scenarios and adaptation pathways. 
Authors: Sara Talebian, Henrik Carlsen, Lotte de Jong, Simona Pedde, Kasper Kok 
Download here: https://climatescenarios.org/share/SENSES_CoproductionManual_Regional.pdf 

 

Title: “Cross user analysis and guidelines for co-production techniques with regional stakeholders”. 
Co-producing scenarios and adaptation pathways for local and regional impacts, adaptation, and 
vulnerability assessments. Analysis of the state-of-the art co-production techniques intended for 
scientists and other actors involved in regional climate change scenario production and analysis. 

 
Title: “Scenario Study Factsheets”- Factsheet for mitigation and socioeconomic scenarios from the 
IPCC SR1.5 
Authors: Cornelia Auer, Volker Krey, Elmar Kriegler 
Download here: http://senses-project.org/results/Factsheets_TOC_30_01_2019.pdf 

 

Title: ”Case study report Netherlands - A CO2-neutral and climate robust Overijsselse Vecht”. 
Analysis of the Dutch case study which demonstrates the integration of mitigation and adaptation 
strategies leads to robust and feasible pathways to achieve a multiscale sustainable vision. The case 
study analyses the use of scenarios at different scales with several visualisation and co-production 
techniques tailored to the needs of regional stakeholders. 
Authors: Simona Pedde, Kasper Kok, Lotte de Jong 
Download here: http://senses-project.org/results/SENSES%20D2.3%20Dutch%20Case%20Study.pdf 

http://senses-/
http://senses-project.org/results/Factsheets_TOC_30_01_2019.pdf
http://senses-project.org/results/SENSES%20D2.3%20Dutch%20Case%20Study.pdf
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C1: Software in open access 
 

IIASA 1.5°C Scenario Explorer: Authors: Daniel Huppmann, Elmar Kriegler, Volker Krey, Keywan Riahi, 
Joeri Rogelj, Katherine Calvin, Florian Humpenoeder, Alexander Popp, Steven K. Rose, John Weyant, 
Nico Bauer, Christoph Bertram, Valentina Bosetti, Jonathan Doelman, Laurent Drouet, Johannes 
Emmerling, Stefan Frank, Shinichiro Fujimori, David Gernaat, Arnulf Grubler, Celine Guivarch, Martin 
Haigh, Christian Holz, Gokul Iyer, Etsushi Kato, Kimon Keramidas, Alban Kitous, Florian Leblanc, Jing- 
Yu Liu, Konstantin Löffler, Gunnar Luderer, Adriana Marcucci, David McCollum, Silvana Mima, Ronald 
D. Sands, Fuminori Sano, Jessica Strefler, Junichi Tsutsui, Detlef Van Vuuren, Zoi Vrontisi, Marshall 
Wise, and Runsen Zhang. 
ntegrated Assessment Modeling Consortium & International Institute for Applied Systems Analysis, 
2019. 
Description: This Scenario Explorer presents an ensemble of quantitative, model-based climate 
change mitigation pathways underpinning the Special Report on Global Warming of 1.5°C (SR15) by 
the Intergovernmental Panel on Climate Change (IPCC) published in 2018. The ensemble was also 
used and extended in the IPCC's Special Report on Climate Change and Land (SRCCL, 2019).This data 
resource comes with an online Scenario Explorer for analysis 
and visualization, as well as open-source scientific programming scripts5 to generate 
the descriptive statistics and figures included in SR1.5 that are derived from the scenario database 
Access procedure: Website for interactive usage and downloads. url: data.ene.iiasa.ac.at/iamc-1.5c- 
explorer 

 
Ixmp REST Application Programming Interface: Authors: Michael Pimmer, Nikolay Kushin, Daniel 
Huppmann. 
Description: The API allows using and accessing the data in a scenario repository, such as the IAMC 
1.5C Scenario Explorer hosted by IIASA, via a wide range of programming languages, applications or 
scripts. This enables, for example, building web-based tools that visualize or otherwise use data 
included in any Scenario Explorer instance. 
Access procedure: Download and use API to draw data from the database in own applications. Link 
to API Documentation 

 

Github repository SENSES: Authors: Christopher Pietsch, Fidel Thomet, Jonas Parnow, Francesca 
Morrini, Nadia Zeisig, Katja Dittrich, Cornelia Auer 
Description: All modules and the toolkit itself are created with open-source software and 
frameworks to avoid licensing barriers or reproduction issues for ourselves or potential third party 
users.In the same way, each component that we developed is publicly stored on Github. The 
modules come with their own repository with all information required to reproduce, understand and 
compile the source code. We used modern, accessible languages such as HTML, CSS (Sass), JavaScript 
(Vue/Nuxt) and Julia. 
Additionally, one of the repository holds a library that contains helper functions, design guides and 
components to be reused by anyone. One such component is, for example, a scrollytelling 
framework that we developed and used in multiple modules. This makes the produced results 
especially sustainable because follow up modules can be made with updated data and thus, the 
content will not be outdated. 
Access procedure: Check out repositories with git and create your own modules or modify/ update 
existing ones Link to github repository 

 
D1: Interactive Web Sites 
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Climate Change Scenario Toolkit, “SENSES” Toolkit (https://climatescenarios.org/toolkit/) 
a tailor-made, user- determined connecting the new generation of climate change scenarios to the 
stakeholder groups. The SENSES Toolkit includes a collection of user-centred scenario visualization 
tools, as well as practical guidelines for the co-production of climate knowledge with three key user 
groups: national and international climate policy makers, regional climate scenario users, and 
businesses and financial service providers with long term planning horizons. The toolkit is a source of 
capacity building and discourse. It allows these user groups staged access to climate change 
scenarios: highly processed introductory learn modules down to exploration modules and full data 
access. 

The following learn modules have been published. 

Information with a focus on policy dimensions 
• Climate Scenarios Primer: Interactive web module that explains the basic concepts and goals of 
climate change scenarios. The Primer is explicitly aimed people new to climate change scenarios and 
helps them to understand basic components and interconnection of climate change scenarios. 
https://climatescenarios.org/primer/ 
• Global Emissions Gap: Basic module that explains basic climate goals and how these can be met 
through various scenarios. The focus is on the central importance of achieving net zero emissions 
and the concept of scenarios as showing alternative response options. In addition, the importance of 
aspects such as land use or stranded assets and the investments required to achieve the goals are 
highlighted. 
https://climatescenarios.org/emissions-gap/ 
• Towards an Electric Future: It shows how a society can achieve net zero emissions, especially 
through the transformation of the energy system. To do this, the user is first informed about the 
main causes of emissions. Then the individual steps of the transformation are presented: the 
decarbonization of electricity production, the electrification of industry, transportation and building 
energy supply are explained. The focus of this module is to give the user a clear picture of what the 
main tasks of decarbonization are. 
https://climatescenarios.org/sector-transition/ 
• Net-Zero Pathways for Industrialized Countries: Investigates possible mitigation pathways towards 
net-zero CO2 emissions by 2050 for the EU, Japan, Australia and the US. They users can identify the 
major steps these economies need to take: demand reduction, electricity decarbonisation, 
electrification of end use, non-electricity decarbonisation, and land use change with CDR. 
https://climatescenarios.org/countries-pathways/ 
• The Role of Land for Food Production and Climate Protection Current land-use practices accelerate 
climate change. Mitigation strategies like afforestation and BECCS increase the demand for land, 
which puts food security and biodiversity at risk. The module sensibilises to this crucial issues and 
shows alternative pathways to reach the Paris Agreement goals without major trade-offs. 
https://climatescenarios.org/land-use/ 
• Extreme Events: Six types of extreme events are explored: heatwaves, droughts, crop failure, 
wildfires, river floods, and tropical cyclones. Furthermore, uncertainties in these extreme event 
projections are discussed across climate and impact models. 
https://climatescenarios.org/extreme-events/ 

 

Information with a focus on the finance sector 
• Transition Risk - Fossil Fuels: The implementation of climate measures entails transition risks for 
financial and economic actors, for which they must be prepared in order to be able to participate 
constructively in the transformation process towards an emission-neutral economic and social 
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structure. The module shows how fossil resources lose value in the context of different transition 
paths due to falling prices and quantities. 
https://climatescenarios.org/fossil-fuels/ 
• Transition Risk – Power Sector: Risks and opportunities that result from the decarbonization of the 
power sector are explained and why investors should take climate policy into account in their 
decision-making. We will explore the changes in electricity production and revenue, the changing risk 
structure of the power sector, the risk of fuel costs and emission costs, and the need for clean 
investments. 
https://climatescenarios.org/power-sector/ 
• Transition Risk – End Use: Many final energy uses in the industry, transport and buildings sectors 
depend on fossil fuels and will be affected once fossil fuels are phased out and renewables ramped 
up. Options to improve energy efficiency will become more competitive at higher energy prices but 
require increased investments 
https://climatescenarios.org/end-use/ 
• Investment Opportunities and Alignment: Providing a constructive perspective on tackling climate 
change. The module investigates the question “What are near-time investment requirements for 
meeting stringent climate targets in a low carbon world?” This is not only relevant for climate- 
resilient investors but also for businesses that want to align their business model to the Paris 
Agreement. 
https://climatescenarios.org/investment/ 

 

Information with a focus on regional actors 
• Learn module of co-production techniques. Step-by-step guidelines for co-production techniques 
for regional users: Interactive manual for developing adaptation scenarios in co-production with 
stakeholders and bridging local knowledge with global scenarios. 
https://climatescenarios.org/co-production/ 
• Co-Production techniques_Vecht case study: Interactive web module that illustrates how to 
develop adaptation plans with co-production techniques in an information-rich context, with the 
Dutch Overijsselse Vecht case study as an example. 
https://dev.climatescenarios.org/dutch 
• Co-Production techniques_Kenya case study: Interactive web module that explores how to develop 
adaptation plans with co-production techniques in a context with more limited adaptation planning 
and in the early phases of the policy cycle, with the Kenya case study as an example. 
https://dev.climatescenarios.org/kenya 

Please note: more learn modules are about to be launched: “Extreme events” 

The following exploration modules have been developed and published: 

• Climate Impact/ SENSES Earth: The module describes how much land and how many people are 
exposed to the damage caused by climate change. These are presented for different climate change 
scenarios. The module has high visual quality as it depicts climate change impacts on a world map, 
which is especially well digestible for users. 
https://climatescenarios.org/earth/ 
• Scenario Finder: A scenario search engine interface, again in the form of an interactive website. 
With their help, a more advanced user can navigate and find scenarios based on higher-level 
characteristics (metadata indicators) and scenario variables that are suitable for his question / topic. 
An extension was developed that enables the graphical selection of scenarios using histograms. For 
this purpose, histograms of a preselection of central scenario parameters are displayed in the Finder. 
The user can now use the mouse to select a specific area in the histogram for these parameters and 
the Finder will display all the scenarios that cover this parameter interval. For example, a policy 
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advisor with concerns about food security could look for certain scenarios that provide for a reduced 
amount of BECCS (Bioenergy with CCS). To do this, you can select an interval in the lower area for the 
parameter "Cumulative BECCS" and get the desired subset of scenarios. This allows the non-specialist 
user a quick orientation, on the one hand how the distribution of certain sizes is and whether the 
scenarios are very consistent in certain values (i.e. the histogram has a small spread). The histogram 
also provides visual feedback, e.g. whether the selected area is only covered by a few scenarios and 
therefore one selects special cases. 
https://climatescenarios.org/finder/ 
• Coproduction techniques finder: A comprehensive database and search engine interface of co- 
production techniques in the context of climate change scenarios. The various methods are specified 
by characteristics like the project goal, the type of scenario knowledge generation, but also very 
practical attributes like duration or degree of engagement. This supports a pick and choose approach 
of the appropriate method for co-production events with external stakeholders. 
https://climatescenarios.org/finder/techniques/ 

 
 

SENSES Climate Change Scenario Portals: curated space(s) tailored to individual user subgroups: 
individual portals for policy makers and actors from the financial sector, respectively. Portal 
components are a subset of material from the Climate Change Scenario Toolkit, however the user is 
provided more orientation and guidance. This resource is serves as basic framework for tutorials and 
capacity building events. 
Policy portal: https://climatescenarios.org/policy-portal/ 
Finance portal: https://climatescenarios.org/finance-portal/ 

 

Future of services: F2 - Continue operating the service subject to external funding 
The consortium sees a multitude of benefits in receiving further external funding for extending the 
SENSES toolkit to an international lighthouse for climate change scenario services, assessment and 
research. We would like to extend the toolkit to a salient resource for climate change scenarios for 
scientists and practitioners that communicates, translates and mediates the best science available. 
Among others central tasks for further development would comprise to extend the 
interconnectedness of climate change scenarios – i.e. to bring forward multi-scale connections – 
global with national narratives for adaptation and mitigation. Further, develop and refine consistent 
links between climate impact, adaptation and mitigation scenarios. Usability and orientation of the 
service would be highly increased by extending links to data typically used by practitioners outside 
the climate change science (e.g. data from the Worldbank, International Energy Agency,..). SENSES 
has built up very valuable resources and stakeholder networks. External funding for further research, 
co-production and development of communication tools will help to a great extent to use and 
expand the accomplishments of SENSES. 

 
D4: Training Sessions 
Tutorials/ webinars (all online due to the restrictions by COVID-19 pandemic): 
1) Webinar on Toolkit Launch, June 29th, 2020 
2) Tutorial for global Climate Finance Task Force of GIZ (Deutsche Gesellschaft für 
Internationale Zusammenarbeit), August 12, 2020 
3) 2-day tutorial for financial stakeholders (central bankers, ESG investors, consultants), Dec 
14+15, 2020 
4) Webinar January 29, 2021 focus on the regional case studies and the visualization framework 
with regional policy makers 
5) Online events for practitioners of regional adaptation planning, replacing the originally 
planned one-day interactive events due to COVID-19 travel restrictions, 13.+15. January 2021. 
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E: Other 
E1: A network of stakeholders that can be mobilized to continue the development of a service 
Especially the stakeholder from the finance panel or eager to continue the development of the 
service and explicitly asked us at the end of a workshop “Please keep this network alive”. 

 
E3: Resource for educational activities or capacity building not falling into the above categories 
The SENSES Toolkit and the SENSES scrollytelling library have been used in the classes “Klimagrafik” 
and “Planetary Scrollytelling: Visual Data Essays about System Earth” in the summer semester 2020 
at the University of Applied Sciences Potsdam. 
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SERV_FORFIRE Services for fire and post-fire risk prevention 
 

https://servforfire-era4cs.eu/ 
 

Project main objective: to create an international collaborative community, to share the best 
methodologies related to the fire and post fire risk prevention. to provide information to 
stakeholders and users to better understand and manage fires. The core activities are the seasonal 
fire occurrence model development, the post fire risk assessment and the implementation of the 
joint activities among partners. 

 

Lead PI: Dr. Rosa Lasaponara as LPI, Institute of Methodologies for Environmental Analysis (IMAA) - 
National Council Research of Italy (CNR), Department of Earth systems science and environmental 
technologies (DTA) 

 
List of other research institutes involved in the project: 
- Finnish Meteorological Institute (FMI) 
- Bureau de Recherches Géologiques et Minières (BRGM) 
- Global Change Research Centre CAS (GCRI) 
- Environmental Research Laboratory (INRASTES, NCSRD) 
- Royal Netherlands Meteorological Institute (KNMI) 

 
List of supporting RFOs (for cash projects): 
- Consiglio Nazionale delle Ricerche (CNR) 
- Ilmatieteen Laitos (FMI) 
- BUREAU DE RECHERCHES GEOLOGIQUES ET MINIERES (BRGM) 
- National Centre for Scientific Research “Demokritos” (NCSRD) 
- Global Change Research Institute of the Czech Academy of Sciences (UVGZ) 
- Koninklijk Nederlands Meteorologisch Instituut (KNMI) 

 
A. Written document 
A1: Articles in scientific peer-reviewed journal 

 
- De Girolamo A.M., Barca E., Leone M., Lo Porto A. 2021. Impact of long-term climate change 

on flow regime in a Mediterranean basin. Submitted to Journal of Hydrology regional studies. 
- De Girolamo A.M., Cerdan O., Grangeon T., Ricci G.F., Vandromme R., Lo Porto A. 2021. 

Modelling the post-fire hydro-sedimentary response in a Mediterranean watershed. 
Submitted to Catena 

- Di Giuseppe, E., Pasqui, M., Magno, R., & Quaresima, S. (2019). A Counting Process Approach 
for Trend Assessment of Drought Condition. Hydrology, 6(4), 84. Doi: 
https://doi.org/10.3390/hydrology6040084 

- Emanuele Pallozzi, Ilaria Lusini, Lucia Cherubini, Ramilla. Hajiaghayeva, Paolo Ciccioli, Carlo 
Calfapietra (2018) Differences between a deciduous and a conifer tree species in gaseous 
and particulate emissions from biomass burning, Environmental Pollution, 2018 
Mar;234:457-467. doi: 10.1016/j.envpol.2017.11.080 

- Grangeon T., Vandromme R., Cerdan O., De Girolamo A.M., Lo Porto A. 2021. Modelling 
forest fire and firebreak scenarios in a mediterranean mountainous catchment: Impacts on 
sediment loads. Journal of Environmental Management, 289:112497. 

- Krikken, F., Lehner, F., Haustein, K., Drobyshev, I., and van Oldenborgh, G. J.: Attribution of 
the role of climate change in the forest fires in Sweden 2018, Nat. Hazards Earth Syst. Sci. 
Discuss., https://doi.org/10.5194/nhess-2019-206, 2019. 

https://servforfire-era4cs.eu/
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- Marco Turco, Jost von Hardenberg, Amir AghaKouchak, Maria Carmen Llasat, Antonello 
Provenzale & Ricardo M. Trigo (2017). On the key role of droughts in the dynamics of 
summer fires in Mediterranean Europe. Nature, Scientific Reports 7:81, DOI: 
DOI:10.1038/s41598-017-00116-9 

- Marco Turco, Juan José Rosa-Cánovas, Joaquín Bedia, Sonia Jerez, Juan Pedro Montávez, 
Maria Carmen Llasat & Antonello Provenzale. Exacerbated fires in Mediterranean Europe 
due to anthropogenic warming projected with nonstationary climate-fire models (2018) 
Nature Communications 9:3821, DOI: 10.1038/s41467-018-06358-z 

- R. Lasaponara, M Proto, A. Aromando, G. Cardettini, V. Varela, M. Danese. On the mapping 
of burnt areas and burn severity using Self Organizing Map and Sentinel 2 data. IEEE 
geoscience and remote sensing letters (Print) 17 (5), pp. 854–858 

- Rosa Lasaponara, Angelo Aromando, Gianfranco Cardettini, Monica Proto (2018). Fire Risk 
Estimation at Different Scales of Observations: An Overview of Satellite Based Methods 
Computational Science and Its Applications – ICCSA 2018 (2018) 

- Rosa Lasaponara, Biagio Tucci and Luciana Ghermandi (2018). On the Use of Satellite Sentinel 
2 Data for Automatic Mapping of Burnt Areas and Burn Severity, Sustainability 2018, 10(11), 
3889; https://doi.org/10.3390/su10113889 

- Partanen, T. M. and Sofiev, M.: Forecasting the regional fire radiative power for regularly 
ignited vegetation fires, Nat. Hazards Earth Syst. Sci. Discuss. [preprint], 
https://doi.org/10.5194/nhess-2021-262, in review, 2021. 

- Vajda, A., C. Wolff, O. Hyvarinen, M. Pasqui, V. Varela, P. van Velthoven, F. Krikken, M. Proto, 
and R. Lasaponara: Climate services for drought and fire danger estimation on various time 
scales, FMI’s Climate Bulletin Research Letters, spring issue, 2020. 

- Vajda A., Wolff C., Hyvärinen O., Pasqui M., Varela V., Van Velthoven P., Krikken F., Proto M., 
and Lasaponara R., 2020: Climate services for drought and fire danger estimation on various 
time scales, FMI’s Climate Bulletin: Research Letters, 2(1), 14–16, DOI: 
https://doi.org/10.35614/ISSN-2341-6408-IK-2020-06-RL 

- van Oldenborgh, G. J., Krikken, F., Lewis, S., Leach, N. J., Lehner, F., Saunders, K. R., van 
Weele, M., Haustein, K., Li, S., Wallom, D., Sparrow, S., Arrighi, J., Singh, R. K., van Aalst, M. K., 
Philip, S. Y., Vautard, R., and Otto, F. E. L.: Attribution of the Australian bushfire risk to 
anthropogenic climate change, Nat. Hazards Earth Syst. Sci., 21, 941–960, 
https://doi.org/10.5194/nhess-21-941-2021, 2021. 

- Vassiliki Varela, Diamando Vlachogiannis , Athanasios Sfetsos, Stelios Karozis, Nikolaos 
Gounaris, Angelos Sphyris. High Resolution Seasonal Forest Fire Danger mapping using WRF 
forecasts for Greece: a tool for forest fires prevention planning and fire risk management 
supportHigh Resolution Seasonal Forest Fire Danger mapping using WRF forecasts for Greece: 
a tool for forest fires prevention planning and fire risk management support. Advances in 
forest fire research 2018, Viegas, Domingos Xavier (ed.), Imprensa da Universidade de 
Coimbra, https://doi.org/10.14195/978-989-26-16-506_138. Coimbra, 2018. 

- Wolff C., Vajda A., and Hyvärinen O., 2019: Developing a model for forest fire risk forecast at 
sub-seasonal scale in Finland, FMI’s Climate Bulletin: Research Letters, 1(2), 6, DOI: 
10.35614/ISSN-2341-6408-IK-2019-15-RL 

A2: Article / Book intended for large audiences 

Digital newspaper : 

• “National Geographic“ – Title « Incendi, così la scienza può rendere la vita difficile ai 
piromani » – link: http://www.nationalgeographic.it/ambiente/disastri- 
naturali/2017/07/21/news/incendi_cosi_la_scienza_puo_rendere_la_vita_difficile_ai_pirom 
ani-3608609/ 

https://doi.org/10.3390/su10113889
http://www.nationalgeographic.it/ambiente/disastri-
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• Rosa Lasaponara et al. 2020 Intelligenza artificiale e Big data per il monitoraggio degli incendi 
CNR-IMAA Newsletter (http://www.imaa.cnr.it/newsletter-new/newsletter-2020/745- 
newsletter-n-5-ottobre-2020?start=4 

• Rosa Lasaponara; Carmen Fattore; Nicodemo Abate; Angelo Aromando; Gianfranco 
Cardettini; Guido Loperte; “Fire-Sat: un sistema satellitare integrato per il monitoraggio e la 
salvaguardia del territorio lucano dalla minaccia degli incendi boschivi” in press 
RISKelaboration ISSN 2724-1971 www.Riskelaboration.it 

• Enrica Nestola. What comes out from forest fire? An in-depth analysis of gaseous and 
particulate emissions from biomass burning on “Metaponto Natural Reserve”, by Enrica 
Nestola (IRET-CNR). ERA4CS news http://www.jpi- 
climate.eu/ERA4CSnews.events/ERA4CSnews/10903448/What-comes-out-from-forest-fire- 
An-in-depth-analysis-of-gaseous-and-particulate-emissions-from-biomass-burning-on- 
Metaponto-Natural-Reserve 

• Andrea Vajda. The sub-seasonal forest fire risk outlook successfully piloted during the fire 
season 2020 in Finland. ERA4CS news http://www.jpi- 
climate.eu/ERA4CSnews.events/ERA4CSnews/10903451/The-sub-seasonal-forest-fire-risk- 
outlook-successfully-piloted-during-the-fire-season-2020-in-Finland 

• Tero Partanen. On limits of short-term wildfire prediction. ERA4CS news http://www.jpi- 
climate.eu/ERA4CSnews.events/ERA4CSnews/10903455/On-limits-of-short-term-wildfire- 
prediction 

• Rosa Lasaponara, Carmen Fattore, Nicodemo Abate, Angelo Aromando, Gianfranco 
Cardettini, Monica Proto, Guido Loperte. EO based Operational applications for the fire 
management within the SERV_FORFIRE project. ERA4CS news http://www.jpi- 
climate.eu/ERA4CSnews.events/ERA4CSnews/10903432/EO-based-Operational-applications- 
for-the-fire-management-within-the-SERV-FORFIRE-project 

 
A3: Project document of general interest with public access 
Project Newsletters (https://servforfire-era4cs.eu/newsletter/): 

• Newsletter n.1 – Jan.2019 

• Newsletter n.2 – October 2019 

• Newsletter n.3 – July 2021 
 

A4: Project document with access reserved to project partners or specific users 

• “Project Management Plan” Report, Milestone 1.1 

• “Guideline for the implementation of joint activities” Report, Milestone 2.1 

• “Mid-term report” Report, Milestone 3.1 

• “Case study demonstration” Report, Milestone 4.1 

• “Report on the Case study demonstration”, Milestone 5.1 

• “Report on the Case study demonstration”, Milestone 6.1 

 

 
C. Software that can be used to deliver a climate service 
C1: In open access 

http://www.imaa.cnr.it/newsletter-new/newsletter-2020/745-
http://www.riskelaboration.it/
https://servforfire-era4cs.eu/newsletter/


192 

 

 

 

 

• Di Giuseppe, Edmondo, Quaresima, Sara, & Pasqui, Massimiliano. (2019, June 28). 
edidigiu/DROUGHT-SPEI: SPEI-Trend (Version v1.0.0). Zenodo. 
http://doi.org/10.5281/zenodo.3260197 

 

D. Full service ready to operate 
D1: Interactive Web Site 

• Institute for Bioeconomy of the National Research Council (IBE-CNR, ex - IBIMET) created a 
system to provide a semi-automatic, detailed, timely and comprehensive operational 
drought service. This service supports decision makers, water authorities, researchers and 
general stakeholders. https://drought.climateservices.it/en/ - [R. Magno, T. De Filippis, E. Di 
Giuseppe, M. Pasqui, L. Rocchi, B. Gozzini (2018). Semi-automatic Operational Service for 
Drought Monitoring and Forecasting in the Tuscany Region. Geosciences. 8(2), 48: 1-25 doi: 
10.3390/geosciences8020049. ISSN: 2076-3262.] 

 
D2: Mobile App 

• As part of the KNMI climate explorer website, empirical statistical forecasts of seasonal fire 
risk and associated forecast skill are provided at http://climexp.knmi.nl/kprep_mdc. 

 
D3: Service based on tailored reports and advices 

• An operational service of sub-seasonal forest fire risk prediction prototype was developed 
and successfully piloted with Finnish end-users, i.e., Regional State Administrative Agency 
(AVI) from Northern Finland and Rescue services from Eastern Karelia. The service is 
accessible on the online user interface, Ilmanet platform (http://ilmanet.fi/, user ID: Fire, 
password: Palo2019). 

 
D4: Interactive training material or service 

 

• Summer School “Climate Services from the users' perspective”, 10-14 September 2018, Pisa. 
CNR-DTA, as ERA4CS partner, has coordinated and co-organized the Summer School with the 
contribution of BELSPO, AEMET, CMCC and UREAD and thank to the active collaboration of 
CNR-IGG and CNR-IMAA personnel. In particular, Rosa Lasaponara, PI of SERV_FORFIRE, took 
part to the Steering Committee, and together with Antonello Provenzale (CNR-IGG), 
Massimiliano Pasqui (CNR-IBE), Carlo Calfapietra (CNR-IBAF), Folmer Krikken (KNMI) and 
Geert Jan van Oldenborgh (KNMI) as members of the Scientific Board of the Summer School. 

 
D5: Other 

 

• EARSeL Workshop “Remote sensing of forest fire: Data, science and operational applications” 
– Rome, 3-5 October 2019. The workshop, organized by the European Association of Remote 
Sensing Laboratories “EARSEL” was held in Rome at CNR headquarter from 3 to 5 October 
2019. It was the 12th EARSeL Forest Fires SIG Workshop. It was chaired by Rosa Lasaponara 
(CNR-IMAA), Lead Principal Investigator of SERV_FORFIRE project and by Ioannis Gitas, 
Aristotle University of Thessaloniki, and has benefited from the presence of all the principal 
investigators of the project and other well-known experts, who are part of the Workshop’s 
Scientific Committee. 

• CNR-IMAA personnel has organized training activities for the usage of operative software for 
the fire management in the period 28 June – 11 October 2018. The training activities were 
addressed to the end users, specifically to the Dipartimento Protezione Civile Basilicata as 
stakeholder and associated partner of SERV_FORFIRE. 

http://doi.org/10.5281/zenodo.3260197
http://climexp.knmi.nl/kprep_mdc
http://ilmanet.fi/
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• Training on forest fire organized by ESA, EARSEL CNR, ESA ESRIN Frascati 30 Sep-1 Oct 2019. 
On the occasion of the 12th EARSeL Forest Fires SIG Workshop, a training course was 
organized on the application of active and passive remote sensing techniques for fire 
research. The course was focused on the use of active and passive Earth Observation (EO) 
Technologies for fire monitoring (https://cnrfire2019.eu/#training). 

• Meeting organized with Carabinieri, 18 May 2021 - TECNOLOGIE SATELITAR PER LA TUTELA 
DELLE FORESTE—SERV_FORFIRE: Earth Observation as an operational tool to identify post 
fire illegal land use land cover changes 

• MedRIN and SCERIN Virtual Capacity Building Workshop on Earth System Observations, 
Cyprus June 16, 2021 presentation of  SERV_FORFIRE video 

• Meeting organized with Noto Municipality (Sicily region), 21 April 2021. SERV_FORFIRE 
Workshop : Earth Observation as an operational tool to support fire mitigation Strategy in 
Sicily. (zoom meeting) 

• Meeting organized with Avola Municipality (Sicily region), 28 April 2021. SERV_FORFIRE 
Workshop: Earth Observation as an operational tool to support fire mitigation Strategy in 
Sicily. (zoom meeting) 

• The project was shown at the European Researchers’ Night editions in 2018, 2019 and 2020. 
 

Intentions of the project consortium regarding the future of this service: 
F2: Continue operating the service subject to external funding 
F3: Transfer the service to an operational actor, e.g. an operational public agency or a private 
company, or a mix of the above options) 

 
 
 
 

E. Other results not falling into the above categories 
 

E2: Experiences and acquired know-how from various case studies 
 

- Collaboration with stakeholder and agencies in South America (agreement between CNR- 
IMAA and CONICET “Consejo Nacional de Investigaciones Científicas y Técnicas”) 

- On 4 April 2018 the SERV_FORFIRE was presented at a national ERA4CS workshop in The 
Hague. The audience consisted of staff from several Netherlands ministries that are involved 
in climate policies. Contacts were established with the Ministry of Justice and Security and 
with the Institute for Safety. 

- Papers developed were distributed to the stakeholders Agenzia Regionale per la Protezione 
Ambientale (ARPA-Puglia) and to the Servizio Protezione Civile, Centro Funzionale 
Decentrato-Regione Puglia. 

 
 
 

POSTER presentations at European Conferences: 
 

• Carmen Fattore, Rosa Lasaponara. Analysis, interpretation and discussion on mismatch of 
Fire severity mapping from UAV, Sentinel -2 and EFFIS: case studies in the Basilicata Region. 
12th EARSEL Forest Fires SIG Workshop “Remote sensing of forest fire data, science and 
operational applications” Conference, 3-5 October 2019 - Rome, ITALY 
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• Gianfranco Cardettini, Angelo Aromando, Rosa Lasaponara. Fire emission Estimation using 
Landsat TM: the case study studies of 2011 Fires occurred in the Ionian coast (southern Italy). 
12th EARSEL Forest Fires SIG Workshop “Remote sensing of forest fire data, science and 
operational applications” Conference, 3-5 October 2019 - Rome, ITALY 

• Hamid Reza Pourghasemi, Rosa Lasaponara. Forest fire susceptibility modelling using 
boosted regression tree data mining technique. 12th EARSEL Forest Fires SIG Workshop 
“Remote sensing of forest fire data, science and operational applications” Conference, 3-5 
October 2019 - Rome, ITALY 

• Karlsson C., Vajda A., Hyvärinen O.: Forest fire risk prediction on sub-seasonal and seasonal 
timescale in Finland, Poster presentation, EGU2019, Vienna, 7-12 April 2019 

• Maria Danese, Gianfranco Cardettini, Angelo Aromando and Rosa Lasaponara. On the 
impacts that fire on soil and hydrogeological risk: the case study of Basilicata Region. 12th 
EARSEL Forest Fires SIG Workshop “Remote sensing of forest fire data, science and 
operational applications” Conference, 3-5 October 2019 - Rome, ITALY 

• Nicola Masini, Rosa Lasaponara. Archaeology on fire. Remote sensing base approach for the 
damage analysis: the case of Ventarron in Peru. 12th EARSEL Forest Fires SIG Workshop 
“Remote sensing of forest fire data, science and operational applications” Conference, 3-5 
October 2019 - Rome, ITALY 

• Rosa Lasaponara, Andrea Vajda, Cerdan Oliver, Vassiliki Varela, Peter Van Velthoven, Mirek 
Trnka, Massimiliano Pasqui, Carlo Calfapietra, Antonio Lo Porto, Brunella Rago, Emanuele 
Pallozzi, Nicola Afflitto, Angelo Aromando, Gianfranco Cardettini, Carmen Fattore, Monica 
Proto, Ari Venalainen, Cecilia Karlsson, Tero Partanen, Mikhail Sofiev, Rostislav Kouznetsov, 
Rosalie Vandromme, Baptiste Vignerot, Geert Jan van Oldenborgh, Folmer Krikken. 
Integrated services and approaches for assessing effects of climate change and extreme 
events for fire and post  fire risk prevention. 12th EARSEL Forest Fires SIG Workshop 
“Remote sensing of forest fire data, science and operational applications” Conference, 3-5 
October 2019 - Rome, ITALY 

• Rosa Lasaponara, Angelo Aromando, Gianfranco Cardettini, Carmen Fattore, Monica Proto. 
Satellite based burnt areas and burn severity mapping: preliminary results in the framework 
of SERV-FORFIRE project. 12th EARSEL Forest Fires SIG Workshop “Remote sensing of forest 
fire data, science and operational applications” Conference, 3-5 October 2019 - Rome, ITALY 

• Vassiliki Varela, Diamando Vlachogiannis, Athanasios Sfetsos, Stelios Karozis, Rosa 
Lasaponara Projection of forest fire danger due to climate change in Greece. 12th EARSEL 
Forest Fires SIG Workshop “Remote sensing of forest fire data, science and operational 
applications” Conference, 3-5 October 2019 - ROME, ITALY 

Oral presentations at International Conferences: 

• De Girolamo A.M, Cerdan O., Grangeon T., Ricci G.F., Vandromme R., Lo Porto A. 2021. 
Modelling forest fire and post-fire mitigation measures: Impacts on sediment yield. 1st 
International Congress on Fire in the Earth System: Humans and Nature, November 3-7, 2021. 

• Partanen T.: A method to forecast regional emissions from wildfires in African grasslands, 
Oral presentation, 37th ITM Conference Hamburg, Germany, Sept. 23-27, 2019 

• Sofiev M., Kouznetsov R., Partanen T., Vira J., Prank M., Soares J., Tarvainen V., Vankevich R., 
Kukkonen J.: Finnish experience in fire smog emission estimation and pollution prediction, 
Oral presentation, 7th International Wildland Fire Conference Campo Grande, Brazil, 28 Oct. 
- 1 Nov. 2019 

• Partanen T., Sofiev M.: A weather based prediction method to forecast regional emissions 
from wildfires in African grassland, Oral presentation, 12th EARSeL Fire Workshop 2019, 
Rome, 3-5 October 2019 
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• Vajda A., Karlsson C., Hyvärinen O.: Sub-seasonal predictability of forest fire danger in 
Finland, Oral presentation, 12th EARSeL Fire Workshop 2019, Rome, 3-5 October 2019 

 
 
 

E3: Resource for educational activities or capacity building not falling into the above categories 
 

• Seasonal Forecast Course Package T.O.P.” is a set of online resources whose goal is to 
enhance knowledge in the theory of seasonal forecasting and operational use of seasonal 
climate forecasts. More information: https://training.climateservices.it 
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URCLIM Methodologies for integrated urban climate services 
 

http://www.urclim.eu 
 

Lead PI: Masson Valéry, Météo France, France 
 

Research performing organisations: Météo France, CNRS, IGN, RMI, FMI, KNMI, Meteo-Ro 
 

A1- Masson V., E. Bocher, B. Bucher, Z. Chitu, S. Christophe, C. Fortelius, R. Hamdi, A. Lemonsu, A. 
Perrels, B. Van Schaeybroeck, B. Wichers Schreur, L. Velea, Y. Beddar, J.-C. Calvet, A. Delcloo, A. Druel, 
F. Duchêne, G. Dumas, J. Gautier, M. Goret, M. Horttanainen, R. Kouznetsov, A. Le Bris, S. Lecorre, B. 
Le Roy, Y. Palamarchuk, G. Petit, R. Ruuhela, O. Saranko, M. Sofiev, P. Siljamo, H. Van de Vyver, P. van 
Velthoven, A. Votsis (2020): The Urban Climate Services URCLIM project, Climate Services, 20, 
10.1016/j.cliser.2020.100194 
This paper describes the consortium, the general methodology and early results of the project. 
(partners: RMI, IGN, Meteo Ro, Météo France, FMI, KNMI, CNRS) 

 
 

A1- Masson V., W. Heldens, E. Bocher, M. Bonhomme, B. Bucher, C. Burmeister, C. de Munck, T. Esch, 
J. Hidalgo, F. Kanani-Sühring, Y-T Kwok, A. Lemonsu, J.-P. Lévy, B. Maronga, D. Pavlik, G. Petit, L. See, 
R. Schoetter, N. Tornay, A. Votsis, J. Zeidler, 2019: City-descriptive input data for urban climate 
models: Model requirements, data sources and challenges, Urban Climate, 31, 
doi:10.1016/j.uclim.2019.100536 
This paper classifies the required urban input data for both mesoscale state-of-the-art Urban Canopy 
Models (UCMs) and microscale Obstacle Resolving Models (ORM) into five categories and reviews 
the ways in which they can be obtained. (partners: MF, CNRS, IGN, FMI) 

 

A1- Gardes T., R. Schoetter, J. Hidalgo, N. Long, V. Masson 2020: Statistical prediction of the 
nocturnal urban heat island intensity based on urban morphology and geographical factors - An 
investigation based on numerical model results for a large ensemble of French cities, Science of the 
total environment, 737, 139253, doi:10.1016/j.scitotenv.2020.139253 
The aim is to estimate the typical summer-time urban heat island in French cities using simple 
statistical indicators. (partner: MF, CNRS) 

 
A1- Le Roy B., A. Lemonsu, R. Jounkou-Arnaud, D. Brion, V. Masson (2020): Long time series 
spatialized data for urban climatological studies: case study of Paris’ city, France, International 
Journal of Climatology, 40(7), 3567-3584, doi:10.1002/joc.6414 (partner: MF, CNRS) 

 

A1- Le Roy, B., Lemonsu, A., & Schoetter, R. (2021). A statistical–dynamical downscaling methodology 
for the urban heat island applied to the EURO-CORDEX ensemble. Climate Dynamics, 1-22.(partner: 
MF, CNRS) 

 
A1- Dumas G., J. Hidalgo, V. Masson, G. Louit, V. Edouart, A. Hanna, G. Poujol, J. Barrié (2020): A real- 
time atmospheric measurement network: The first phase of urban climate services in Toulouse, 
Climate Services, submitted.(partner: MF, CNRS) 

 
A1- Athanasios Votsis and Riina Haavisto (2019): Urban DNA and Sustainable Cities: A Multi-City 
Comparison, Frontiers in Environmental Science: Land Use Dynamics, 
https://doi.org/10.3389/fenvs.2019.00004 

http://www.urclim.eu/
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For both theoretical urban studies and applied urban modeling, it is important to further develop this 
concept by understanding whether main urban DNA classes relate to distinct outcomes in terms of 
livability and sustainability. This study initiates this line of research by gathering empirical evidence 
about urban DNA and livability-sustainability indicators across a global sample of cities. (partner: FMI) 

 

A1- Duchêne, F., Van Schaeybroeck, B., Caluwaerts, S., De Troch, R., Hamdi, R., Termonia, P. A 
statistical-dynamical methodology to downscale regional climate projections to urban scale, Journal 
of Applied Meteorology and Climatology, 59(6), 1109-1123. doi:10.1175/JAMC-D-19-0104.1 
A new methodology is described to go from the scale of regional climate models (12km) up to the 
city scale (below 1km). This methodology can then be applied to build ensemble climate projections. 
(Partner: RMI) 

 

A1- De Troeyer, K., M. Bauwelinck, R. Aerts, D. Profer, J. Berckmans, A. Delcloo, R. Hamdi, B. Van 
Schaeybroeck, H Hooyberghs, D. Lauwaet, C. Demoury, A. Van Nieuwenhuyse (2020). Heat related 
mortality in the two largest Belgian urban areas: a time series analysis, Environmental Research 188, 
109848, doi:10.1016/j.envres.2020.109848 
The relation between heat and mortality is investigated for two large cities within Belgium (Antwerp 
and Brussels) and found to be markedly different. (Partner: RMI) 

 
A1- Van de Vyver, H., B. Van Schaeybroeck, R. Hamdi, and P. Termonia (2019). Modeling the scaling 
of short‐duration precipitation extremes with temperature, Earth and Space Science (6), 2031-2041. 
doi: 10.1029/2019EA000665. The relation between high temperature and short-duration rainfall 
extremes is investigated for different cities over Europe and a rigorous mathematical framework is 
presented. These relations are very important at city scale where short-duration showers are known 
to cause floodings (Partner: RMI) 

 
A1- Cugnon, G., Caluwaerts, S., Duchêne, F., Hamdi, R., Termonia, P., Top, S., Vergauwen, T., Van 
Schaeybroeck, B. (2019). Climate sensitivity to land use changes over the city of Brussels, 
Geographica Pannonica, Vol. 23, Issue 4, p. 269-276. doi: 10.5937/gp23-24214 
In this work, simple, extreme yet realistic adaptation measures are proposed in terms of changes in 
albedo and vegetation fraction. (partner: RMI) 

 

A1- Hamdi, R., Kusaka, H., Doan, Q. V., Cai, P., He, H., Luo, G., Wenhui, K., Caluwaerts, S., Duchêne, F., 
Van Schaeybroeck, B., Piet Termonia. The State-of-the-Art of Urban Climate Change Modeling and 
Observations. Earth Systems and Environment 4, 631–646. doi:10.1007/s41748-020-00193-3 
In this work, a review is given about the current status of urban modeling and observations in the 
context of climate change. 

 
A1- Hans Van de Vyver (2018) A multiscaling‐based intensity–duration–frequency model for extreme 
precipitation, Hydrological Processes, 32(11), 1635-1647. https://doi.org/10.1002/hyp.11516 
Return levels of extreme rainfall events are relevant for urban planners for well-informed adaptation 
against flooding events. This work presents a rigorous mathematical framework and applies this for 
Belgium. (Partner: RMI) 

 

A1- François Duchêne, Bert Van Schaeybroeck, Steven Caluwaerts, Andy Delcloo, Rozemien De Troch, 
Rafiq Hamdi, Piet Termonia (2020), A new methodology to propagate uncertainties from regional 
climate models to urban impact model: feasibility study, Air Pollution Modeling and its Application 
37th. Springer Proceedings in Complexity. Springer (Partner: RMI) 
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A1- Van Den Hende, C., Van Schaeybroeck, B., Nyssen, J., Van Vooren, S., Van Ginderachter, M., 
Termonia, P. (2021). Analysing the rain-shadow effect based on climatological model data: 
application on the Ethiopian mountains. Climate Dynamics 56, 1663–1679. 
https://doi.org/10.1007/s00382-020-05554-2 

 

A1- Zhang, L., Van Schaeybroeck, B., Caluwaerts, S., Termonia, P., Van de Weghe, N. (2021). 
Analyzing and Visualizing Spatiotemporal Patterns of El Niño Teleconnections Using Attribute 
Trajectories. Atmosphere 12, 414. doi:10.3390/atmos12040414 

 
A1- Bénédicte Bucher, Esa Tiainen, Thomas Ellett von Brasch, Paul Janssen 4, Dimitris Kotzinos 5, 
Marjan Čeh 6, Martijn Rijsdijk 7, Erwin Folmer 7, Marie-Dominique Van Damme 1 and Mehdi Zhral 
(2020) Conciliating Perspectives from Mapping Agencies and Web of Data on Successful European 
SDIs: Toward a European Geographic Knowledge Graph, International Journal of Geographic 
Information, https://doi.org/10.3390/ijgi9020062 
This paper concentrates on unsolved issues in SDIs in Europe related to the management of semantic 
heterogeneities (Partner: IGN) 

 
A1- Reija Ruuhela, Otto Hyvärinen, Kirsti Jylhä (2020), Regional Assessment of Temperature-Related 
Mortality in Finland, International journal of environmental research and public health, 
https://doi.org/10.3390/ijerph15030406 
The aim of this study was to assess regional differences in temperature–mortality relationships 
across 21 hospital districts in Finland. (Partner: FMI) 

 
A1- Goret M., V. Masson, R. Schoetter and M.-P. Moine (2019): Inclusion of a CO2 flux modeling in an 
urban canopy layer model and evaluation over an old European city center, Atmospheric 
environment doi: 10.1016/j.aeaoa.2019.100042 (Partner: MF) 

 
A1- Olli Saranko, Carl Fortelius, Kirsti Jylhä, Kimmo Ruosteenoja, Erika Brattich, Silvana Di Sabatino, 
Väinö Nurmi (2020): Impacts of town characteristics on the changing urban climate in Vantaa. 
Science of The Total Environment, Volume 727,138471, 
https://doi.org/10.1016/j.scitotenv.2020.138471. 
(https://www.sciencedirect.com/science/article/pii/S0048969720319847) (partner: FMI) 

 

A1- Ruuhela, R., Votsis, A., Kukkonen, J., Jylhä, K., Kankaanpää, S., Perrels, A. (2021), Temperature- 
Related Mortality in Helsinki Compared to Its Surrounding Region during Two Decades, with Special 
Emphasis on Intensive Heatwaves, Atmosphere, Vol.12, No. 46, 
https://doi.org/10.3390/atmos12010046 

 
A1- Van Schaeybroeck B., Bucher B., Chitu Z., Christophe S., Fortelius C., Hamdi R., Masson V., Perrels 
A., and Wichers Schreur B. (2020): Urban climate services: climate impact projections and their 
uncertainties at city scale, FMI’s Climate Bulletin: Research Letters, 2(1), 10, DOI: 
https://doi.org/10.35614/ISSN-2341-6408-IK-2020-05-RL 

 
 

A2- Van Schaeybroeck B., Bucher B., Chitu Z., Christophe S., Fortelius C., Hamdi R., Masson V., Perrels 
A., and Wichers Schreur B. (2020): Urban climate services: climate impact projections and their 
uncertainties at city scale, FMI’s Climate Bulletin: Research Letters, 2(1), 10, DOI: 
https://doi.org/10.35614/ISSN-2341-6408-IK-2020-05-RL (partners: RMI, IGN, Meteo Ro, Météo 
France, FMI, KNMI, CNRS) 

https://www.sciencedirect.com/science/article/pii/S0048969720319847
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A2- Guillaume Dumas (2021): Co-construction of Climate Services based on a meteorological stations 
monitoring network in Toulouse agglomeration, PhD thesis, University of Toulouse (Partner: MF, 
CNRS) 

 

A2- Benjamin Le Roy (2021): PhD thesis, university of Toulouse (Partner: MF, CNRS) 
 

A2 - Jacques Gautier, Sidonie Christophe, Mathieu Brédif, Visualizing 3D climate data in urban 3D 
models, XXIV ISPRS Congress, Aug 2020, Nice (en ligne), France. pp.781-789 

 
A2 - Jacques Gautier, Mathieu Brédif, Sidonie Christophe, Co-Visualization of Air Temperature and 
Urban Data for Visual Exploration, IEEE VIS 2020, Oct 2020, Virtual Conference, United States 

 

A2- B Bucher, MD Van Damme (2019) Retrieving Relevant Land cover and Land Use Data to design 
Urban Climate Services, in International Land Use Symposium, December 2019, Paris, France 

 
A3- B Bucher, MD Van Damme (2020) Collaborative production of user oriented metadata on 
EuroSDR Geometadatalabs platform, in 3rd International Workshop on Spatial Data Quality (SDQ 
2020), January 2020, Valletta, Malta 

 
A3- Olli Saranko (2020) Modelling winter conditions of streets and pavements in a changing climate, 
MSc Thesis - University of Jyväskylä (Partner: FMI) 

 

A3- Valéry Masson, Bénédicte Bucher, Adriaan Perrels, Bert van Schaeybroeck / Rafiq Hamdi, Zenaida 
Chitu, Urban Climate Services from the URCLIM project, presentation at the Conference Making 
Climate Services a Reality, Brussels/Tervuren, 13-14.11.2019, https://www.climateservices.biz/; 
https://f680b3ef-523d-477c-866f- 
6a5d22088303.filesusr.com/ugd/61f9ed_1c57ce2ad30c4d18b7808af088e8896c.pdf 

 
 

B1- Data used in the Science of The Total Environment journal article "Impacts of town 
characteristics on the changing urban climate in Vantaa" 
(https://doi.org/10.1016/j.scitotenv.2020.138471). 
The data include 
● Observations from Helsinki-Vantaa airport 
● Gridded hourly series of climate parameters for the greater Helsinki area given by the air- 
surface interaction model SURFEX covering a synthetic reference year representing the climate of the 
periods 1980-2009 and the 2050s corresponding to the RCP8.5 concentration pathway. 
Link to the data: https://zenodo.org/record/3753897#.YLX28CYh9wF 
(Partner: FMI, under discussion with between FMI and HSY (Finland)) 

 
C1- geoclimate (Bocher et al) : tool to produce urban database of land cover and morphometric 
urban parameters (e.g. building height, density of walls) for atmospheric models from Open Street 
Map; https://github.com/orbisgis/geoclimate 
To produce a dataset of high resolution of urban parameters and land cover maps. (partner: CNRS) 

 
C1 - Itowns (partner : IGN): a 3D web rendering framework, using interoperable protocols to process 
geographical data and display them in different rendering paradigms, which can be used to co- 
visualise climatic data in a urban context, see https://github.com/cboucheIGN/itowns-climate- 
example 

http://www.climateservices.biz/%3B
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C1 - Micmac (partner : IGN): a photogrammetric software that reconstructs a 3D model based on 
imagery, during URCLIM specific parameters have been studied to yield a urban 3D model best 
adapted to Urcan Canopy Model requirements. 
https://micmac.ensg.eu/index.php/Presentation 

 
 

C4- worldwide architecural database (Gardes et al): online collaborative tool to gather, at country or 
finer scale, data on architectural information and building materials for buildings, depending on 
types of buildings and their date of construction. Currently still under implementation. 
To produce a dataset. This dataset will be used to describe how buildings are generally built 
anywhere in the world. The usage is designed for any urbanized atmospheric models, but can be of 
interest for other communities (e.g. architects, seismology impacts) 
(Partner: MF, CNRS) 

 
 

D3- co-construction of an urban climate monitoring network in Toulouse Metropole. This network is 
composed of 70 urban meteorological stations, connected by the Internet of Things. 

 
 

F2- transfer of geoclimate to Copernicus; feasability phase (Copernicus project : SLIM). 
The SLIM project has ended March 2021. The geoclimate chain was run on all Europe as a 
demonstrator. The LCZ data can be visualized on this website: http://monitoring.orbisgis.org/# 
Further funds are necessary to continue the maintenance of geoclimate (partner: CNRS) 

 

F3- The urban climate monitoring network is fully integrated (and propriety of) the agglomeration 
administration of Toulouse Métropole. The data acquisition and operational exploitation is done by 
the city services. The scientific collaboration continues with further use of the data. (partner: MF, 
CNRS) 

 
F3- (Gardes et al 2020) formula to estimate summertime urban heat island from statistical indicators. 
All indicators except one available in urban planning agencies. LCZ indicator produced by geoclimate 
chain. (partner: MF; CNRS) 

 
 

E1- First European Workshop on Urban Climate Indicators 
This workshop has been organized the 17th of May 2021 to mobilize the actors of statistical and 
mapping agencies, as well as city stakeholders, to exchange on urban indicators. There is a 
commitment to continue this workshop on an annual basis.  (partners: IGN, MF, FMI) 

 
E3- infolab https://geometadatalabs.eu/index.php?title=Infolab_URCLIM 
To exchange information on urban datasets and other resources (software, classifications) necessary 
for urban climate services. Targets climatologists and mapping agencies. (partner: IGN) 

http://monitoring.orbisgis.org/
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WATExR Seasonal forecasts of the ecological state of lakes and catchments 
 

https://watexr.eu/ 
 

The objective of WATExR is the integration of climate seasonal prediction and ecosystem impact 
modelling for an efficient adaptation of water resources management to increasing climate extreme 
events. WATExR co-developed advanced, standardized tools tailored to end-user demands in seven 
representative catchments across Europe and Australia, which cover a wide range of water 
management issues affected by climate extreme events including recreation, fisheries, drinking 
water supply, and the implementation of the EU Water Framework Directive. WATExR also initiated 
the Lake Sector in ISIMIP. 

 
Lead PI: Rafael Marcé, Catalan Institute for Water Research (ICRA) 

 
Partners: Aarhus University, Dundalk Institute of Technology, Helmholtz Centre for Environmental 
Research (UFZ), Marine Institute, Norwegian Institute for Water Research (NIVA), University of 
Cantabria, Uppsala University 

 

Supporting RFOs: MINECO (ES), FORMAS (SE), BMBF (DE), EPA (IE), RCN (NO), and IFD (DK). 
 
 

A1 Woolway, R.I., S. Sharma, G.A. Weyhenmeyer, A. Debolskiy, M. Golub, D. Mercado-Bettín, M. 
Perroud, V. Stepanenko, Z. Tan, L. Grant, R. Ladwig, J. Mesman, T.N. Moore, T. Shatwell, I. 
Vanderkelen, J.A. Austin, C.L. DeGasperi, M. Dokulil, S. La Fuente, E.B. Mackay, S.G. Schladow, S. 
Watanabe, R. Marcé, D.C. Pierson, W. Thiery, and E. Jennings. 2021. Phenological shifts in lake 
stratification under climate change. Nature Communications 12: 2318. DOI: 10.1038/s41467-021- 
22657-4. First paper using the Global Lake Sector Data in ISIMIP, an Impact Sector initiated by the 
project WATExR. The publication analyzes the impact of climate change n lake stratification and 
mixing. 

 
A1 Mercado-Bettín, D., F. Clayer, M. Shikhani, T.N. Moore, M.D. Frías, L. Jackson-Blake, J. Sample, 
M. Iturbide, S. Herrera, A.S. French, M.D. Norling, K. Rinke, and R. Marcé. (2021). Forecasting water 
temperature in lakes and reservoirs using sea-sonal climate prediction. Water Research, 
https://doi.org/10.1016/j.watres.2021.117286. Paper describing the first application of climate 
seasonal prediction in the water quality sector, using the case studies in WATExR. 

 

A1 Molina-Navarro, E., Nielsen, A., Trolle, D. (2018). A QGIS plugin to tailor SWAT watershed 
delineations to lake and reservoir waterbodies. Environmental Modelling & Software 108: 67-71. 
Description of the basic methodology to use QGIS plug-ins for workflow construction, which is the 
basic architecture used in WATExR 

 
A1 Chenxi Mi, Tom Shatwell, Jun Ma, Yaqian Xu, Fangli Su, Karsten Rinke (2020) Ensemble 
warming projections in Germany's largest drinking water reservoir and potential adaptation 
strategies. Science of The Total Environment, 748, 141366, 
https://doi.org/10.1016/j.scitotenv.2020.141366. First use of the Lake Sector Local Data in ISIMIP, an 
Impact Sector initiated by the project WATExR 

 
A1 Nielsen et al (2021). Introducing QWET – A QGIS-plugin for application, evaluation and 
experimentation with the WET model. Environmental Modelling and Software, online, 
https://www.sciencedirect.com/science/article/pii/S1364815220309439. Next generation of the 

https://watexr.eu/
http://www.sciencedirect.com/science/article/pii/S1364815220309439
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QWET interface. This is a WATExR publication, published (open access) in Environmental Modelling 
and Software. The paper also introduces the new model features developed through WATExR. 

 
A2 Jennings, E. et al. Ecological consequences of extreme climatic events in lakes (chapter in 
Encyclopedia of Inland Waters). Publication targeted to undergraduate students. 

 
A3 Synthesis report on the usefulness of the WATExR tools for management and adaptation of 
water quality to climate extreme events across case studies. Jackson-Blake, LA, Clayer, F, Mercado, D, 
Shikhani, M, French, A, Moore, T, Marcé, R. This report summarizes the interactions between 
researchers and stakeholders regarding the usefulness of water-quality seasonal forecasting tools 
developed within the WATExR project. A key aim of the WATExR project is to develop user-friendly 
tools for seasonal forecasting of surface water quality and ecology, with a particular focus on lakes, 
to support water management. The tools were designed together with stakeholders. As part of the 
tool assessment, a set of events from selected case-studies were show-cased and hindcasts related 
to these events were generated with the forecasting tools. Results were shown to stakeholders and 
they were asked to answer a set of questions on the usefulness of the tools and forecasts. 

 
A3 Quantification and visualization of combined input data and parametric model uncertainties 
at each site, and its significance for decision-making. Jackson-Blake, LA, Clayer, F, de Eyto, E, French, 
A, Frias Dominguez, M D, Jennings, E, Marcé, R, Mercado, D, Moore, T, Rinke, K, Shikhani, M. This 
report synthesizes the skills of the water-quality seasonal forecasting tools developed within the 
WATExR project. It describes the main sources of errors in the forecasts generated with the WATExR 
tools, as well as their usefulness and uncertainty for each variable, season and region selected. It also 
provides a summary of the development process for the forecast visualization products and the 
communication of uncertainty to stakeholders. 

 
B1 The Santander User Data Gateway (UDG, http://www.meteo.unican.es/udg-wiki, Cofiño et 
al., 2018) has been updated including all the variables and datasets (reanalysis, climate seasonal 
forecasts and climate change simulations) required for the project. The UDG is seamlessly integrated 
with the R based climate4R bundle (Iturbide et al., 2019), an R based framework for climate studies, 
tailored to the specific needs of the vulnerability and impact assessment community. 

 

C1 WATExR developed set of 5 QGIS plugins (or equivalent) for different aspects of the use of 
climate seasonal prediction in the water quality sector: diadromous fish migration, water quantity 
management in an Australian reservoir, water quality management in reservoirs in Spain and 
Germany, an educational tool for undergraduates in Sweeden. Accessible at 
https://github.com/NIVANorge/seasonal_forecasting_watexr 

 
C1 WET QGIS plugin/interface (recently updated to the QWET interface for QGIS3) for 
application of the GOTM-WET ecosystem model (www.wet.au.dk) 

 

C1 Different scripts were developed for accessing these climate datasets through the climate4R 
bundle, applying bias correction and generating the proper format required as input in the lake and 
hydrological models. These scripts are part of the workflow developed in the project for producing 
seasonal impact forecasts and the validation analysis. They are publicly available at 
https://github.com/NIVANorge/seasonal_forecasting_watexr 

 
C1 The package visualizeR from climate4R was adapted to be applied for the validation and 
uncertainty analysis of the seasonal impact forecasts. This package is publicly available through 
github (https://github.com/SantanderMetGroup/visualizeR). 

http://www.meteo.unican.es/udg-wiki
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D1/F1 Interactive web-app for producing seasonal forecasts of Lake Mjøsa (Norway) water quality. 
Lake water quality forecasts are issued for the western basin of Lake Vansjø (Vanemfjorden) and aim 
to predict Water Framework Directive (WFD) ecological status. Four variables are predicted: 
concentration of total phosphorus (TP), chlorophyll-a (chl-a), lake colour and cyanobacteria. URL: to 
be announced, will be operational in the course of the summer 2021 

 
E1 The collection of stakeholders in WATExR is already mobilized in several proposals from the 
different WATExR team members. One of the proposals, the H2020 MSCA-ITN inventWater: 
Inventive forecasting tools for adapting water quality management to a new climate, was funded and 
it is executing (https://cordis.europa.eu/project/id/956623). 

 

E2 All things learned and the 7 case studies in WATExR were suit-cased in a dedicated webinar 
with that will be hosted permanently at: http://u.pc.cd/3MNctalK . More than 100 downloads so far! 

 
E3 A video of the legacy of WATExR was produces and permanently hosted at: 
https://www.youtube.com/watch?v=wrVjuSdV0V8 

 
E3 A series of instructional videos on the application of WET and QSWAT (openly and freely 
available here: www.wet.au.dk). Video are currently being used in M.Sc. programs in China and 
Denmark. 

 

E4 One of the most relevant legacies of WATExR is the inception of the Lake Impact Sector in 
ISIMIP (https://www.isimip.org/about/#sectors-and-contacts). The sector was initiated as a task in 
WATExR, and took advantage of other actions converging to the same objective (e.g. the LakeMIP 
project). Today, the Lake Sector is a very active sector in ISIMIP, and we managed to complete all the 
ISIMIP2 protocol with a good number of models. The Lake Sector is now a mature Sector that will 
participate actively in the ISIMIP3 simulation round. 

http://u.pc.cd/3MNctalK
http://www.youtube.com/watch?v=wrVjuSdV0V8
http://www.isimip.org/about/#sectors-and-contacts)
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WINDSURFER Tools and data for the insurance, forestry and offshore 
energy 

 
http://www.windsurfer-project.eu 

 

WINDSURFER brought together eight leading research institutions across Europe to co-develop new 
methods, tools and assessments of extreme wind and wave risk with a focus on Insurance, Forestry 
and Energy 

Name and organization of the Lead PI: Len Shaffrey, University of Reading 

List of other research institutes involved in the project: 
National Centre for Atmospheric Science, University of Reading, UK 
Met Éireann, Ireland 
Norwegian Meteorological Institute, Norway 
CMCC, Italy 
Finnish Meteorological Institute, Finland 
IH Cantabria, Spain 
NCSR Demokritos, Greece 
KNMI, Netherlands 

 

A. Written documents 
A1: Articles in scientific peer-reviewed journal 

 
Bloomfield, H. C., Shaffrey, L. C., Hodges, K. I. and Vidale, P. L. (2018) A critical assessment of the long 
term changes in the wintertime surface Arctic Oscillation and Northern Hemisphere storminess in the 
ERA20C reanalysis. Environmental Research Letters, 13 (9). 094004. 
Bresson, H., K. I. Hodges, L. C. Shaffrey, G. Zappa, and R. Schiemann, 2021: The response of Northern 
Hemisphere polar lows to climate change in a 25 km high-resolution global climate model. 
(Submitted to JGR, in review) 

 

Conte, D., Gualdi, S., Lionello, P. (2020) Effect of model resolution on intense and extreme 
precipitation in the Mediterranean region, Atmosphere, 11, e699, 
Emmanouil G., Vlachogiannis D., Sfetsos A., Nadia Politi, Iason Markantonis, A 30-year high resolution 
Mediterranean Sea Wave Database: wave climate analysis, under review, Ocean Modelling. 
Gopalakrishnan R, Packalen P, Ikonen V.P., Räty J, Venäläinen A, Laapas M, Pirinen P, Peltola H, 2020. 
The utility of fused airborne laser scanning and multispectral data for improved wind damage risk 
assessment over a managed forest landscape in Finland. Annals of Forest Science 2020 77:97, 

 
Harvey, B. J., Cook, P., Shaffrey, L. C. and Schiemann, R. (2020) The response of the northern 
hemisphere storm tracks and jet streams to climate change in the CMIP3, CMIP5, and CMIP6 climate 
models. Journal of Geophysical Research: Atmospheres. ISSN 2169-8996 doi: 
https://doi.org/10.1029/2020JD032701 

 
Harvey, B. J., Len Shaffrey, Peter Cook, Reinhard Schiemann, 2021a: Evidence of Reduced Nordic Seas 
Storminess in Response to Arctic Sea Ice Decline (In preparation) 

http://www.windsurfer-project.eu/
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Harvey, B. J. and Len Shaffrey, 2021b: How Will Climate Change Impact North Atlantic Storms? Royal 
Meteorological Society Briefing Paper for COP26 (Submitted to Weather, In Review) 

 
Haakenstad, H, Breivik, Ø, Reistad, M, Aarnes, OJ. NORA10EI 2020: A revised regional atmosphere- 
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B. Datasets that can be used as input to deliver a climate service 
B1: Dataset in open access 

 
NORA 3 wave datatset https://thredds.met.no/thredds/projects/windsurfer.html 
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