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Barriers for environmental information to be used for 
decision

Lack of awareness

Difficult interpretation

Lack of expert synthesis

Some limitations for the use of 
environmental data in different socio-

economic sectors. 

Possible solution: to distil the 
information from existing sources to be 

integrated in decision-making.

Environmental services

Goal: the development and 
incorporation of environmental 
data for planning, policy-making 
and practice at the global, 
regional and national scale.
Implementation method: co-
production and co-design.

•

•

While social and human sciences are key 

for success, the quality of the service is 

severely limited by the quality of the current 

climate data sources



The difficult path going from climate data to information
Climate data individually is not able to trigger actions. Other factors are 
needed, especially at local and regional scales:
• A number of actors need to be involved to lead to action
• Distillation is a process that has been taking place very often in an 

implicit way following a top-down approach assuming that climate 
data has value per se

FAIR

Technology

Empowerment



Climate prediction time scales

Adapted from Meehl et al. (2009) and Mariotti et al. (2018)
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Predictability arising from the memory of 
slow processes/components in the 

climate system

atmosphere
(weather) Data sources, mainly public, are S2S, C3S,

NMME, CMIP6 and a large range of
observational datasets.



Developing the service with the users
• Research in climate services, bridging the gap between research and actual applications requires 

trans-disciplinary teams.
• Tailored climate information integrates different time scales (historical, sub-seasonal, seasonal, 

decadal, projections), energy indicators, bioclimatic and drought indicators, etc.

Wind forecasts available in the S2S4E 
DST for 30 July-5 August 2018, issued 

three weeks before
Seasonal forecast available in the 
MEDGOLD dashboard for March 

2016
Multi-year prediction of SPEI6 for the 

years 2021-2025

s2s4e.eu/dst



Prototypical climate services for energy
S2S4E developed a decision support tool for the renewable energy sector based on C3S, S2S, and 
NCEP operational predictions co-designed with the industry for periodic updates on the state of 
relevant climate variables.

http://s2s4e.eu/dst


Prototypical climate services for energy
Co-design implies predicting what the user is interested in.
Seasonal predictions of DJF capacity factor over North America (124-95⁰W, 26-44⁰N) starting on the 
first of October, November and December for the first season of 2015, ECMWF SEAS5, reanalysis: ERA-
Interim, hindcasts over 1993-2015.

Lledó et al. (2019, ERL)



Observations are also uncertain
Verification with two ground-based observational datasets and three reanalyses. The use of both 
types of datasets is very informative for wind energy users as they use them for the development of 
impact models and the long-term resource assessments.
“Failing to account for the effects of observation error when deciding between two forecasting 
systems could lead to the wrong choice and a high opportunity cost” (Ferro, 2017)



Crop yield indicators
WMO recognised global producing centres of decadal predictions contribute with the definition of 
standards for decadal predictions data and products, while C3S promotes the evaluation of the 
European multi-model and the illustration of the decadal prediction use in, among other sectors, the 
agricultural sector using indicators.

SPEI6

HMDI3

Indicators:
• Drought: Standardized Precipitation 

Evapotranspiration Index (SPEI6) 
• Heat stress: Heat Magnitude Day Index (HMDI3)

Solaraju-Murali et al. (2021, NPJ Climate)

RPSS (3 categories)



But climate data sources are often not good enough

Reliance on not good enough models leads to 
overconfidence, which, in turn, leads to 
underestimation of uncertainties and of physical 
risk.



For instance, high-resolution global modelling
1993–2018 mean gradient in sea surface height (10–6 m/m) in the 
eddy-rich model (blue) and in AVISO satellite (black)

Eddy-absent ocean

Eddy-present ocean

Eddy-rich ocean

Moreno-Chamarro et al. (2021; ERL)

Year

Evolution in the mean Gulf Stream position

Production and analysis of global coupled simulations 
at eddy-resolving horizontal resolutions (1/12°) 

Eddy-rich models simulate a future northward shift in the 
Gulf Stream, leading to large rainfall increases in Europe, 

not reproduced at traditional low resolutions models.

Future rainfall change (mm d–1) in the eddy-rich model 



Quality control
EQC guarantees reliability and helps to remove barrier of usability to make a product useful, but 
applicability is also important.

UsersIf poisoned, dangerous 
(reliability) I don’t manage to reach 

it (usability)

I’m vegan! It doesn’t fit 
my purpose 

(applicability)



Quality control
How can the evaluation and quality control guide users in a climate-service context?

The “quality assessment” tab offers homogeneous information across datasets:
1. I find the user guide to understand how to use my data
2. I find uncertainty and validation characterization
3. I see the known issues and limitations of this dataset
4. I can explore what the data looks like in a simple way
5. I can explore each variable separately

1.

2.
4.

3.

5.



Engaging users
Social sciences and humanities play an increasingly important role in the services work. The impact of 
environmental research (including modelling and data analysis) depends heavily on the ability to reach 
users, policy makers and citizens. Our approach has led to more efficient and successful links to both 
public administrations and the private sector.

Bojovic et al. (2021, GEC)



The communication challenge
Gamification is useful to illustrate the challenges of using and the value of seasonal climate predictions
addressed to the wind energy sector:
• Play against a reference taken from climatological frequencies.
• The bets are proportional to the predicted probabilities.
• The amount invested in the observed category is multiplied by 3.

play.google.com/store/apps
demo.predictia.es/roulette-app/mobile.html

▼ ▼

▼
▼

Terrado et al. (2019, BAMS)



A list of relevant elements
• Observational uncertainty: comparison between reanalyses in a forecast 

verification context (credibility).
• Definition of standard procedures: standards are less common in climate 

services than one would expect (legitimacy).
• Traceability and quality control: quality control and reproducibility of data and 

products is increasingly important in the research community, but its 
operational aspects are not solved yet (credibility).
• User indicators: indicators do not have the same level of skill as the 

meteorological variables (salience).
• Interpretation and communication: users are often not experts, and even 

when they are it is easy to misunderstand the existing information. 
Communication is a challenge (salience).
• Synthesis and narratives: how to deal with multiple lines of evidence in the 

message construction (salience and legitimacy).

Power

Reputation

Values

Transparency

Standards

Salience

Credibility

Legitimacy
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