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1. Introduction- Overview – ERA5

• ERA5 is ECMWF most recent reanalysis dataset (5th generation)

• Higher temporal and spatial resolution that ERA-Interim

• New parameters available – such as 100m winds

Released schedule

• 7 years was released as first segment (2010-2016)

• Continious updating (December 2017)

• Full coverage 2017 (February 2018)

• 2 extra years (2008-2009) - released primo 2018

• 1979-2007 – released early 2019

Still under development

Public release plan @ http://climate.copernicus.eu/products/climate-reanalysis

Item ‘Old’ plan ‘New’ plan Even newer plan

ERA5T (short delay product)
Access to observations from 2010
Years 1979-2007 released
Years 1950-1978 released

2017-Q4
2017-Q4
2018-Q2
2019-Q1

Mid 2018
Mid 2018
Late 2018

2019

Mid 2019
Mid 2019
2019-Q1

Late 2019



1. Introduction – Comparison

*) A preliminary version ‘ERA5T’ with 1 week delay will be available



1. Introduction– Comparison



1. Introduction

OBSERVATIONS              ERA-5 RAW DATA            EMD-WRF OD               DOWNSCALING

METEO/ONLINE-DATA             METEO/ONLINE-DATA            MESOSCALE-CALCULATION                 SCALER



1. Introduction - Observations?

Credit: 
Observations assimilated in the MERRA2 datasets for the period 01.1980 until 12.2014. Units are millions per 6 hours. From Bosilovich et 
al: ‘MERRA-2: Initial Evaluation of the Climate - Technical Report Serieson Global Modeling and Data Assimilation – Volume 43’

MetOp-A, 2006-10-16

MetOp-B, 2012-09-17



Contents

1. Introduction to ERA5 – and comparing to other reanalysis data 

2. Correlations, trends and consistency

3. Short campaigns – a real challenge!

4.    Summary

Wind Speeds

ERA-Interim                                      ERA5 MERRA-2



2. Correlations, Trends, Consistency

R2 correlation – Global (raw) data vs. 107 masts (wind speed)



2. Correlations, Trends, Consistency

R correlation – Global (raw) data vs. 107 masts (wind speed)



2. Correlations, Trends, Consistency
R2 – Correlation –windspeed at 107 masts 

R2 correlation – EMD-WRF OD data vs. 107 masts (wind speed)



2. Correlations, Trends, Consistency
Daily R2 – Correlation – 107 masts

R2 correlation – EMD-WRF OD data vs. 107 masts (wind speed)
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2. Correlations, Trends, Consistency
Daily R2 – Correlation – 107 masts

R2 correlation – EMD-WRF OD data vs. 107 masts (wind speed)



2. Correlations, Trends, Consistency
Regional Differences

Legend for our box and whiskers plot:
Green triangle = Sample Mean
Green line          = Median
Box boundaries = 25% and 75% percentiles
Outer limits         = Sample minimum and maximum



2. Main conclusions!

• ERA5 as input to WRF - or on its own- is a significant improvement
- over previous reanalysis datasets

• The standard deviation / spread is smaller 
- so the probability of larger errors is smaller when using ERA5

• Largest improvement found on moderate correlation sites 
- on sites where moderate correlation is found with previous modelling;

these seem to benefit the most from the improved ERA5 dataset

• ERA-Interim is still the preferred choice for long-term correlation
- until a longer period of ERA5 data become available (expected Q4-2018)

• ERA-5 is now the preferred choice for long-term correlation
- but comparisons to ERA-Interim and MERRA2 should still be done until
confidence in ‘older’ data periods have been established.
- through WRF or on its own (raw data)
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3. Short Campaigns – A Real Challenge!

RECAST: Reduced Assessment Time
www.recastproject.dk

Image credit: DTU Vindenergi/Recast Project.



3. Short Campaigns – A Real Challenge!

Image credit: Anselm Grötzner, Cube-Ramboll, WindEurope-2018



3. Short Campaigns – A Real Challenge!

Long-term adjustments leads to different results,

depending on:

- Season(s) included

- Period analysed / length

- Reanalysis datasets used

- Mesoscale dataset/vendor used

- MCP-method used  
(is seasonality included in equations?)

- Model ability to predict seasonality with confidence 
(without seasonal bias)  



3. Short Campaigns – A Real Challenge!

Reference Series: M49 - Local 50m – 5yrs of data

Site in UK – Existing MCP’s any good for this use-case?
Local data: - 1 long term masts – 5 years

- 6 short term masts – months
Reference data: - Local mast

- EMD-WRF OD ERA5
- Merra 2 (raw)

Methods - Temporal extrapolation with 4 MCP-methods 
- Horizontal extrapolation with 2 methods (WAsP + WAsP-CFD)

Site in UK
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3. Short Campaigns – A Real Challenge!

Reference Series: EMD-WRF OD – ERA5

Site in UK – Existing MCP’s any good?:
Local data: - 1 long term masts – 5 years

- 6 short term masts – months
Reference data: - Local mast

- EMD-WRF OD ERA5
- Merra 2 (raw)

Methods - Temporal extrapolation with 4 MCP-methods 
- Horizontal extrapolation with 2 methods (WAsP + WAsP-CFD)



3. Short Campaigns – A Real Challenge!

Reference Series: MERRA2 (RAW)

Site in UK – Existing MCP’s any good?:
Local data: - 1 long term masts – 5 years

- 6 short term masts – months
Reference data: - Local mast

- EMD-WRF OD ERA5
- Merra 2 (raw)

Methods - Temporal extrapolation with 4 MCP-methods 
- Horizontal extrapolation with 2 methods (WAsP + WAsP-CFD)



Problem: 

If a systematic bias/error occurs at a mast, then we will see a systematic under/over-prediction of the 
annual yields when doing a short windscanner/recast campaign and long-term correcting using 
traditional MCP-methods.  

Goal: 
To make a short study that evaluates the seasonal bias on several masts and using several long-term 
reference datasets - to see if it is a general issue. 

Method:

Compare the monthly wind speed index from mesoscale data vs. longer mast measurement periods.

100% index period = dataset concurrent period (dataset itself is used for normalization to index 100).

- Use mast with multiple years.

- Use more mesoscale datasets. 

Driven WRF with: 

ERA5, ERA-I, CFSR, MERRA2, NEWA. 

Image credit: Anselm Grötzner, 
Cube-Ramboll, WindEurope-2018

3. Short Campaigns – A Real Challenge!



3. Short Campaigns – A Real Challenge!
Analysis of wind-speed seasonality by visual inspection of ~100 tall masts 

Seasonality                                 Seasonal bias

Black line: Monthly wind speed index
from met-mast (secondary axis)

Color lines: Reference data – bias (difference) from met-mast
(primary axis)



3. Short Campaigns – A Real Challenge!
Analysis of wind-speed seasonality by visual inspection of ~100 tall masts 



3. Short Campaigns – A Real Challenge!
Analysis of wind-speed seasonality by visual inspection of ~10 tall masts 



3. Short Campaigns – A Real Challenge!
Analysis of wind-speed seasonality by visual inspection of ~10 tall masts 

Wind Speed Correlation (R2) at hourly, daily and monthly averaging time. Data from 11 masts. Notes: Green color-boldface shows 
best dataset for the metric being considered. NEWA data by curtesy of the NEWA project – Thanks to Jacob Mann and Bjarke Tobias 
Olsen, DTU Wind Energy. 
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Analysis of wind-speed seasonality by visual inspection of ~10 tall masts 



3. Short Campaigns – A Real Challenge!
(DK site with no seasonal bias)
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(DK site with no seasonal bias)



3. Short Campaigns – A Real Challenge!
(SE site with some seasonal bias)
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(SE site with some seasonal bias)
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3. Short Campaigns – A Real Challenge!
(TK site with some seasonal bias)
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(TK site with some seasonal bias)



3. Short Campaigns – A Real Challenge!
(TK site with some seasonal bias)
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Summary

• Long-term correction using very short measurement periods (months) is a 
challenge for MCP-methods and long term reference data

• Seasonality should be handled in the MCP-method equations as this is an 
issue at ~65% of sites analyzed

• Seasonal bias is an issue at a significant number of sites (~40%) – and 
should be addressed by a correction algorithm

• Work is progressing in the RECAST project

- identify seasonality and seasonal bias from existing masts

- correct for bias

- quantify uncertaintes

- understand how mesoscale datasets and reanalysis data 
impact the results



Thank you!

Latest (release) version at:
http://help.emd.dk


