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OUTLINE

Motivation: the C3S Enhanced Operational Global Service for the Energy Sector and 
the need for 

climate data
bias adjustment

Climate data:
HIST: the ERA5 system
SEAS: overview of the C3S and CMCC systems
PROJ: the CMPI6 experiment and overview of projection models

Bias adjustment (b.-a.)
Delta approach
Quantile matching (QM)
CDF-transform  (CDFt)

Results from Lot1
Bias adjustment of HIST ERA5 wind speed and GWA
Evaluation of bias adjusted datasets

Conclusions and future outlook



Climate
Change

Copernicus Climate Change Service (C3S) Energy Seminar
Climate Data and Bias adjustment: the need for climate data

C3S Enhanced Energy operational service:
to deliver an enhanced operational energy service at the global scale 
covering data about the past climate, multi-model seasonal forecasts 
and multi-model climate projections 

CHALLENGE/MOTIVATION

Major transformations in the ENERGY sector: 
• increasingly higher share of power supply from variable 

renewable energy (RE) sources, (wind and solar)1

• taking place against a variable and changing climate 

1most of the electricity produc6on 
sector should be decarbonized by 2050 
in order to fulfil the 2°C/1.5°C, warming 
target of the interna6onal agreements.
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CHALLENGE/MOTIVATION

Fully physically based climate simulation chain formed by General Circulation 
Models (GCMs) dynamically downscaled through Regional Climate Models 
(RCMs), are powerful tools for describing general climate conditions, 

Their direct use in climate change impact or adaptation studies, risk assessment 
or other analyses requiring climate projections at a regional or local scale is still 
challenging. 

These data present systematic biases (systematic model errors caused by 
imperfect conceptualization, discretization, coarse representation of regional 
features, and spatial averaging within model grid cells) when compared to 
observations.

Bias adjustments: the most adopted method to provide ‘corrected’ climate 
scenarios; it consists in the application of different post-processing techniques or 
adjustments that bring the models towards the observed climatology/other 
observational climate datasets. 
This statistical post-processing step adjusts selected statistics (mean, variance, 
distribution) of the so-called “raw” model simulations to better match observed 
time series over the reference period (Bartok et al., 2019).

Bartók, Tobin, Vautard, Vrac, Jin, Levavasseur, 
Denvil, Dubus, Parey, Michelangeli, Troccoli, Saint-
Drenan, A climate projection dataset tailored for 
the European energy sector, Climate Services, 
Volume 16, 2019, 100138, ISSN 2405-
8807,https://doi.org/10.1016/j.cliser.2019.100138.
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The ECMWF Reanalysis v5 (ERA5)
the fifth generation ECMWF atmospheric reanalysis of the global climate,

Detailed record of the global atmosphere, land surface and ocean waves from 
1950 onwards. Covering the Earth on a 31 km grid and resolving the 
atmosphere from the surface up to a height of 80km (137 levels). 
Based on the Integrated Forecasting System (IFS) Cy41r2 with a Data 
Assimilation methodology, based on a hybrid incremental 4D-Var system (12 
variables).

Ensemble component (1+9 members) which provide background-error 
estimates for the deterministic system, allowing for the estimation of 
uncertainties for all variables at reduced spatial and temporal resolutions (3-
hourly and half the spatial resolution).

Hersbach, Bell, Berrisford, et al. The ERA5 global 
reanalysis. Quarterly Journal of Royal Meteorological 
Society 2020; 146: 1999– 2049. https://doi.org/10.1002/qj.3803



Climate
Change

Copernicus Climate Change Service (C3S) Energy Seminar 
Climate Data and Bias adjustment: the SEAS climate streamflow

The C3S ensemble global seasonal forecast system.
Ensembles of simulaDons of possible weather scenarios: probabili]es of how likely it is that a season will be we^er, drier, warmer or 
colder compared to the average for that period of the year. This is possible because some components of the Earth system, pa^erns 
such as El Niño, La Niña, the North Atlan]c Oscilla]on (NAO) and others, evolve more slowly than the “chao]c” atmosphere, and in a 
rather predictable, so their influence on the atmosphere can be an]cipated.

Combina]on of individual forecasts produced by eight global leading centres that are joined in a single mulD-system seasonal 
forecast, to compensate for some of the systema]c errors each of the model has.

Prediction systems: ECMWF, The Met Office, Météo-France, the German 
Weather Service (DWD), CMCC, the US National Centers for Environmental 
Prediction, NCEP, Japan Meteorological Agency (JMA) and Environment and 
Climate Change Canada (ECCC).
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The CMCC Seasonal Prediction System model CMCC-SPS3.5
Coupled Model: several independent but fully coupled model components 
simultaneously simulating the Earth’s atmosphere, ocean, land, sea ice and river 
routing, together with a central coupler/driver component for data synchronization 
and exchange 
Operated monthly in Ensemble seasonal mode (6-month predictions) 
Monthly ensemble hindcasts (1993-2016) for performance evaluation and 
bias adjustments to operational forecasts
Forecast ensemble size: 50 in operational, 40 in hindcast mode

Copernicus Climate Change Service (C3S) Energy Seminar 
Climate Data and Bias adjustment: the SEAS climate streamflow

Gualdi et al (2020) CMCC Technical Note RP0288 DOI: https://doi.org/10.25424/CMCC/SPS3.5
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The World Climate Research Programme (WCRP) Working Group on Coupled Modelling 
oversees the Coupled Model Intercomparison Project, which is now in its 6th phase (CMIP6).

DECK four baseline experiments: 
(a) a historical Atmospheric Model Intercomparison Project (amip) simula]on, 
(b) a pre-industrial control simula]on (piControl or esm-piControl), 
(c) a simula]on forced by an abrupt quadrupling of CO2 (abrupt-4×CO2) and
(d)  a simula]on forced by a 1%yr−1 CO2 increase (1pctCO2). 
historical simula]on (historical or esm-hist) that spans the period of extensive instrumental 
temperature measurements from 1850 to the present. 

Eyring, V., Bony, S., Meehl, G. A., Senior, C. A., Stevens, B., Stouffer, R. J., and Taylor, K. E.: Overview of the Coupled Model Intercomparison Project 
Phase 6 (CMIP6) experimental design and organizadon, Geosci. Model Dev., 9, 1937–1958, hfps://doi.org/10.5194/gmd-9-1937-2016, 2016.
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Boé, J., Terray, L. Projecdons climadques globales de nouvelle généradon : 
résultats sur la France et éléments pour la sélecdon des modèles, CERFACS 
Report for EDF, 2023 

Model Variant Horizon. res. Temporal res. ECS (˚C)
CMCC-CM2-SR5 r1i1p1f1 100 km 03hr historical ssp126 ssp245 ssp370 ssp585 3.52
EC-Earth3-Veg r1i1p1f1 100 km 03hr historical ssp126 ssp245 ssp370 ssp585 4.31
MPI-ESM1-2-HR r1i1p1f1 100 km 03hr historical ssp126 ssp245 ssp370 ssp585 2.98

Scenarios

CMIP6 projection models to be delivered within C3S-Energy
Model selection based on: components independence, availability 
of reasonable horizontal and temporal resolution, maximum 
variability in the Equilibrium Climate Sensitivity (ECS)

4 Shared Socio-economic Pathways (SSPs)

Best case: delivery of 12 datasets (3 models x 4 scenarios)
Conservative case: delivery of 9 datasets (2 models x 4 scenarios)
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VARIABLES
Temperature| Precipitation| Wind Speed | Solar radiation at surface | Mean sea level pressure |Relative humidity | Wind direction

SPATIAL AGGREGATION
Computed using the Natural Earth10 shapefiles as reference (commonly used boundaries for 
the global domain) and float masks. 
Available for two main levels: country (or ADM0) and sub-country (or ADM1) (varying in 
resolu]on depending on the con]nent). 
Flexible tool, allowing to combine shapefiles from different sources, e.g. ADM1 for countries 
outside of Europe with NUTS2 for European countries. 
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Navarro-Racines, C., Tarapues, J., Thornton, P. et al. High-resolution and bias-
corrected CMIP5 projections for climate change impact assessments. Sci Data 7, 7 
(2020). https://doi.org/10.1038/s41597-019-0343-8

The Delta Change or Change factor method (abb. Delta Method) for B.-A.

• Method that performs the adjustment of a "source" dataset, based on a reference/target dataset (e.g.,
observa]ons or long-term (30-year) mean of a climate variable for projec]on models) simply calcula]ng the
change factors (or anomalies or deltas) from the averaged datasets:

• The averages of the source and reference/target dataset are matched by performing a scaling adjustment of the
source dataset with the delta factors so that the average of the adjusted source dataset is equal to the average of
the reference dataset (Navarro-Racines et al., 2020).

• The ]me series adjustment for temperature is computed as a difference between the predic]on/projec]on and
the climatology of the hindcasts/historical run while the ]me series adjustment for precipita]on, solar radia]on
and wind speed are computed as a ra]o (or percentage).

𝐹 =
< 𝑃𝑅𝑂𝐽 >
< 𝐸𝑅𝐴5 >

PROJ	B.A.=
!"#$
%

where the <> brackets indicate the temporal average in a common “calibration” period
The delta factors are calculated separately for each grid point/hour and month
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Gudmundsson, L., Bremnes, J.B., Haugen, J.E., Engen Skaugen, T., 2012. 
Technical note: downscaling RCM precipitadon to the stadon scale using 
quandle mapping—a comparison of methods. Hydrol. Earth Syst. Discuss. 9, 
6185–6201, hfp://dx.doi.org/10.5194/hessd-9-6185-2012. 

The Quantile Matching (QM) Method for B.-A.

an application of the probability integral transform that is designed to adjust the distribution of modelled data, such 
that it matches observed climatologies by mapping the modelled cumulative distribution function (CDF) of the 
variable of interest onto the observed CDF
It attempts to find a transformation h	of a modelled variable Pm such that its new distribution equals the distribution 
of the observed variable Po :

QM can be achieved by:
•  using theore]cal distribu]ons to represent the CDFs (distribu]on 

derived transforma]ons), e.g. mixture of Bernouilli/Gamma etc.
• parametric transforma]ons, e.g. Po	=	b	Pm	;	. Po	=	a+b	Pm	
• non parametric transforma]ons, e.g. empirical quan]le mapping: 

the empirical CDFs for both the modelled and observed variables 
are approximated using tables of the empirical percen]les. Values 
in between the percen]les are approximated using linear 
interpola]on. 

𝑃& = ℎ(𝑃')
If the distribution of the variable of interest is known, the transformation h	is defined as: 

𝑃& = 𝐹#()(𝐹' 𝑃' )
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The CDFt Method for B.-A.

A probabilis]c downscaling method where the rela]onship between sta]s]cal proper]es (i.e. 
probabilis]c) between a target (or reference such as observa]ons or RCMs) and a source 
(biased projec]on model or GCMs) datasets are modelled, typically the CDFs.
No assump]on on the shape of the rela]onship to be modelled, or on the family of the CDFs, 
but rather non-parametric correspondences between the predictor and predictand CDFs are 
used
There exists a transforma]on T allowing to ‘‘translate’’ the CDF of a source variable into the 
CDF represen]ng the reference climate variable.

𝑇 𝐹*+ 𝑥 = 𝐹,+(𝑥)
with FSh(x) being the CDF of the reference data for the calibra]on (h, historical) period and FGh(x) 
the CDF of the source/to-be-adjusted for the calibra]on period. 
Thus, T can be used to model the rela]onship between FSf(x)	and FGf(x),	i.e.,	same CDFs but for a 
future (different) period,  assuming that FGf(x)	is known in the following way:

𝑇 𝑢 = 𝐹,+ 𝐹*+() 𝑢 𝐹,- 𝑥 = 𝑇 𝐹*- 𝑥 𝐹,- 𝑥 = 𝐹,+ 𝐹*+() 𝐹*-(𝑥)
Michelangeli, Vrac, Loukos (2009) Probabilistic downscaling approaches: 
Application to wind cumulative distribution functions. Geophysical Research 
Letters, 36, L11708, <doi:10.1029/2009GL038401>
 Vrac, Drobinski, Merlo, Herrmann, Lavaysse, Li, Somot (2012) Dynamical and 
statistical downscaling of the French Mediterranean climate: uncertainty 
assessment. Nat. Hazards Earth Syst. Sci., 12, 2769-2784, www.nat-hazards-
earth-syst-sci.net/12/2769/2012/, <doi:10.5194/nhess-12-2769-2012>.
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Michelangeli, Vrac, Loukos (2009) Probabilistic downscaling approaches: 
Application to wind cumulative distribution functions. Geophysical Research 
Letters, 36, L11708, <doi:10.1029/2009GL038401>
 Vrac, Drobinski, Merlo, Herrmann, Lavaysse, Li, Somot (2012) Dynamical and 
statistical downscaling of the French Mediterranean climate: uncertainty 
assessment. Nat. Hazards Earth Syst. Sci., 12, 2769-2784, www.nat-hazards-
earth-syst-sci.net/12/2769/2012/, <doi:10.5194/nhess-12-2769-2012>.

The CDF-t Method for B.-A.

The es]mates of FSh , FGh-1, FGf, are empirically modelled respec]vely from the historical observa]ons and the 
historical and future large-scale simulated data. 
Combining them according to 

𝐹,- 𝑥 = 𝐹,+ 𝐹*+() 𝐹*-(𝑥)
the estimator of FSf can be calculated

Difference between QM and CDFt
CDFt takes into account the change in the large-scale CDF from the historical to the future time period, 
QM only projects the simulated large-scale values onto the historical CDF to compute and match quantiles. 

QM cannot provide local-scale quantiles outside the range of the historical observations (limitation for a changing climate context), 
whereas CDFt allows one to overcome this problem by taking advantage of the simulated future large-scale CDF. 
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Bias Adjustment for C3S-Energy: METHODOLOGY
HIST streamflow 

wind speed at 10 m/ 100 m adjusted by means of the delta method using the Global Wind Atlas, version 3 
(GWA3) as reference

GWA is the only global wind speed reference dataset that is available globally
For the Qme being, only wind speed means are available in the GWA dataset therefore only delta method 

(based on means) is feasible; QM/CDF-t need long Qme series in order to calculate quanQles/cdfs.

GWA3:
• available at 250 m resolution globally
• up to 200 km offshore
• at 5 heights: 10, 50, 100, 150 and 200 m
• based on 10 years of simulations 

2008:2017
• publicly available on the web

hfps://globalwindatlas.info
Murcia, J. P., Koivisto, M. J., Luzia, G., Olsen, B. T., Hahmann, A. N., Sørensen, P. E., 
Als, M. “Validadon of European-scale simulated wind speed and wind generadon dme 
series”, Applied Energy, vol. 305, 117794 (2022) 
hfps://doi.org/10.1016/j.apenergy.2021.117794 
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Bias Adjustment for C3S-Energy: RESULTS

HIST streamflow: 
wind speed at 10 m/ 100 m adjusted by means of the delta method using the Global Wind Atlas, version 3 

(GWA3) as reference

where <ERA5> indicates the ERA5 mean wind speed over the GWA reference period, 2008-2017 
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Bias Adjustment for C3S-Energy: VERIFICATION
HIST streamflow: wind speed at 10 m/ 100 m adjusted by means of the delta method using the Global Wind 

Atlas, version 3 (GWA3) as reference
•train_ba: bias-adjusted mean wind speed over the period 2008-2017 
•test_ba: bias-adjusted mean wind speed over the period 1971-2000 
•train_noc: original mean wind speed over the period 2008-2017 
•test_noc: original mean wind speed over the period 1971-2000 
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Bias Adjustment for C3S-Energy
SEAS streamflow

B.A. METHODOLOGY: 
delta method for the adjustment of GHI, 
CDFT for 10 m wind speed, precipitation and 
temperature 

• Bias correction is applied on each single member 
as soon as the monthly forecast (forecast of 
month MM) is downloaded

• Forecasts have a lead time of 7 months (215 
timesteps for daily var.)

• The correction will be done for each time-step 
considering a moving time window of 31 days**

• Source CDF will be built on data from all hindcast 
members
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Bias Adjustment for C3S-Energy
PROJ streamflow

B.A. METHODOLOGY: 
delta method for the adjustment of GHI, 
CDFT for 10 m wind speed, precipitation and 
temperature 

•AdjusQng by month and by hour 
•AdjusQng 10 years at a Qme
•Moving window of 20 years, following the 
schema 5+10+5

ERA 5 PROJ MODELS PROJ MODELS
1985-2014 1885-2014 2015-2100

BA wind speed historical scenario ssp126
ORIG precipitation ssp245

ORIG solar radiation ssp370
ORIG temperature ssp585

TARGET SOURCE PREDICTAND



Climate
Change

Copernicus Climate Change Service (C3S) Energy Seminar 
Climate Data and Bias adjustment: the CDF-transform (CDFt) for B.-A.

Conclusions and future outlook

• Service well underway: the 1st year milestone is approaching

• Improvement of climate data and rela]ve toolbox applica]ons strongly based on the con]nuous engagement and feedback with 
users and stakeholders communi]es

• 2023 achievements:
• Extension of the historical data period back to 1950 
• Upda]ng of the bias adjustment procedure
• Implementa]on of updated opera]onal processing chain, service opera]ons and quality control
• PROJ/SEAS data streams soon to be ini]ated

If you are interested, more at ICEM:
• Iden6fying Gaps in Meteorology Knowledge Required to Further Develop Wind Energy (S.H. Haupt, 27/06)
• MIA: A flexible data-driven system for climate impact modelling applied for subseasonal-to- seasonal predic6on of renewable energy in Brazil  

(G. Perez, 27/06)
• Energy Pathways to 2050 – Evolu6on in weather-related risks to France’s power system (B. Jourdier, 29/06)
• Adapta6on of the French Transmission Network to Climate Change – The case of underground lines resilience to extreme heat 
• (L. Dubus, 29/06)
• A climate change compa6ble approach and database for energy systems prospec6ve studies in Europe (L. Stoop, 29/06)
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BACKUP
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Bias Adjustment for C3S-Energy: VERIFICATION
HIST streamflow: wind speed at 10 m/ 100 m adjusted by means of the delta method using the Global Wind 

Atlas, version 3 (GWA3) as reference

6.75 °E, 46.0 °N 

52.0 °W, 1.0 °N 
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The Sixth Phase of the Coupled Model Intercomparison Project (CMIP6) was organized by the World 
Climate Research Programme (WCRP). The WCRP coordinates the efforts of partners and modelling 
groups participating in CMIP. Over time, as participation in CMIP increased and the number and 
complexity of climate models expanded, the need for increasingly detailed and organized experiments 
led to CMIP becoming an integrated framework within which a number of individual Model 
Intercomparison Projects (MIPs) are organized. MIPs are sets of experiments and simulations designed to 
test and compare specific aspects of climate models. Each individual MIP lays out an experimental design 
aimed at improving understanding of:

• important physical processes in the climate system; or
• the response of the climate system to external drivers (such as increasing greenhouse gases).

CMIP6 comprises 23 individual MIPs. Future climate change simulations are coordinated within 
‘ScenarioMIP’ for which approximately 30 climate models contributed results. Additionally, the 
Diagnostic, Evaluation and Characterization of Klima (DECK) experiments are central to CMIP6 as they 
involve the historical simulations (1850–near present) that allow evaluation of the model’s simulation of 
past climate. While MIPs are given priority by CMIP, and organizations can participate in as many or few 
as they are able, the DECK experiments are mandatory for any model to enter into the CMIP. The 
schematic below illustrates the complex and interconnected nature of CMIP6.
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SSPs


