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Outline 

ǒWhat reanalyses are made of 

ǒProducts 

ǒCurrent developments: ERA-20C 

ǒConclusions 
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The 3 pillars of Geosciences 

Rean-
alysis 

Models 

Understanding Observations 
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Å Errors in observations, 

models, understanding 

Å Predictability & 

variability 

Å Uncertainties 

Å State-of-the-art numerical schemes 

representing physical laws 

Å Tie geophysical variables together, 

enforce balance, conservation, é 
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Reconstructing the past 
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ñModel onlyò  

ñObservations-onlyò  

Reanalysis 

Gross exaggeration towards discontinuity 

Gross exaggeration towards continuity 
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Model integration, without observation assimilation 

ÅBoundary conditions: HadISST2 sea-surface temperature and ice cove 

ÅCMIP5 forcings: Solar irradiance, Greenhouse gases, Ozone for radiation, 
Tropospheric aerosols, Volcanic aerosols 
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ERA-20CM (ensemble mean) 

CRUTEM4 (observational dataset) 

A. Simmons, H. Hersbach, C. Peubey, P. Berrisford 
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Combining observations and models 

4DVAR 

Analysis 

Time 

p 

Analysis Analysis Analysis 

Observations, with 

error estimates 

2 January 1899 3 January 1899 

Background forecast (propagates forward previous information, 

constrained by dynamical and physical relationships), with error estimates 

1 January 1899 4 Jané 
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Strong constraint Four-dimensional variational (4DVAR) 

analysis 
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Myth #1: Reanalyses Ґ άƎǊƛŘŘŜŘ ƻōǎŜǊǾŀǘƛƻƴǎέ 

1) Deal with 
missing data:  
no gaps 

2) Consistency in 
horizontal and 
vertical 

3) Consistency 
across 
geophysical 
variables 

4) Use widest 
variety & amount 
of observations 
(40,000 millions in ERA-Interim) 

5) Consistent 
quality control of 
observations 

6) Account for 
observation 

changes over time 
with data 

assimilation 

7) Uncertainty 
estimates and 
ensemble of 

solutions to drive 
applications 
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NEW 

NEW 
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ECMWF global atmospheric reanalyses 
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+ Surface  

obs. 

+ Upper-air obs.  

and satellites obs. 

Forcing &  

boundary 

Input 

Past / Current / Committed 

Number of vertical levels in the lowest 250 m 

(7) 

6 

7 

6 

2 

2 

7 

(40) 

80 

125 

125 

190 

318 

Horizontal resolution in km 

125 ERA-20CM 

ERA-SAT 

ERA-40 

ERA-15 

ERA-Interim 

ERA-20C 

FGGE 

1979 

1900 2010 1957 
Years 

24-h 4DVAR ensemble 

6-h 3DVAR 

12-h 4DVAR 

(24-h 4DVAR ensemble) 
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In situ observations during the 20th century (a selection) 
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S. Uppala 
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Wind observations used in ERA-Interim reanalysis 

Stations/ 
Ships/ 
Buoys 

Aircraft Balloons/ 
Sondes/  
Profilers 

Satellite  
scattero- 
meters 

Satellite  
imagers 

12-hour time period in 2010 

Upper atmosphere, above approx. 1500m altitude 

Note: near-

surface winds 

over land are 

not used 

Lower atmosphere and near-surface, below approx. 1500m altitude 
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