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The ERA-40 wind and wave data
Sofia Caires en Andreas Sterl

KNMI, De Bilt, Netherlands

• What is ERA-40?
• The quality of the ERA-40 waves
• The 100 year return wave height
• Statistical correction of wave heights
• The KNMI/ERA-40 Wave Atlas
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Produces twice daily a 10-day 
weather forecast for the 
member states

ERA-40 = ECMWF 40 year reanalysis
40: length of reanalysisre: Do it againAnalysis ?
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forecast = initial value problem

or
know today’s weather,                       

calculate tomorrow’s one

PROBLEM
you do not know today’s weather

How to Make a Weather Forecast?
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Solution

Analysis

= optimal combination of observations 
and latest forecast (first guess)
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Result of analysis

Complete description of atmosphere 
4 times a day

Drawback

Inhomogeneous over time due to model 
changes
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Reanalysis

Repeat analysis process for the past 
using a fixed, state-of-the-art analysis 
system.

Result

Long-term description of atmosphere 
free of model inhomogeneities.
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Previous reanalyses
• NCEP/NCAR, 1949 – now
• ERA-15, 1979-1993

conducted around 1994.

New reanalyses
• ERA-40, 09/1957-08/2002 (45 years)

finished March 2003
http://data.ecmwf.int/data/d/era40

• plans in US and Japan
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The ERA-40 system
• Operational ECMWF system (IFS)
• TL159, 60 layers
• 3DVAR:
• COADS, GTS, satellites, hist. data, 
....
• interactive determination of Charnock 
Parameter (= sea surface roughness)
• coupled to WAM (1.5°)
• => Waves
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Possible inhomogeneities
• Assimilation of TOVS radiances in 
1979
• Assimilation of SSM/I winds in 1989
• Assimilation of ERS-1 altimeter data

• faulty: 12/1991-05/1993
• none: 06/1993-12/1993
• correct: 01/1994-05/1996

• assimilation of ERS-2 altimeter data 
since 06/1996
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Global Mean Significant Wave Height
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Climatology
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Assessment of ERA-40 waves
• other modelling efforts
• buoys (since1978)
• altimeters (satellites)

• Geosat (1987-1989)
• ERS-1 (1991-1996)
• ERS-2 (since 1996)
• TOPEX/POSEIDON (since 
1992)
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Monthly 
Means
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• Peak-Over-Threshold (POT) method:
• {HS: HS > T} – exponential PDF (or GPD)
• T = HS (Q93)
• Estimate parameter(s) of PDF
• => H100
• Both for ERA-40 and buoy

The “100 year return” wave 
height
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x=1.07+1.18*y

ERA-40 vs buoy data

H100
buoy = 1.07 + 1.18 H100

ERA40
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Statistitical correction of wave heights

• bias = bias (Hs, swell, ... )
• => no simple parametric correction
• hope: bias similar in similar situations
• then:
• identify “similar” situations (“analogues”)
• learn from known biases (“learning data”)
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Last three Hs–values close together:

|Hs
1(t0- i ∆t) – Hs

2(t0- i ∆t)| < ε, i = 0, 1, 2

Or:

The development of the waves must be 
similar.

Analogue
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• Divide ERA-40 into periods according 
to inhomogeneities
• “Truth” from TOPEX
• Build learning dataset for each period
• Identify analogues and correct data
• Calculate confidence intervals
• Validate (buoy, Geosat, ERS-2)

How to do it
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• wave height generally increased (bias ≈ 0)
• no more inhomogeneities

Global mean Hs
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The KNMI/ERA-40 Wave Atlas

http://www.knmi.nl/onderzk/oceano/wave
s/era40/atlas.html
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• Inhomogeneities due to changing 
data

• Good monthly means
• Low waves (slightly) too high
• High waves (much) too low
• Possibility of statistical correction
• Wave Atlas, freely accessible via 

http://www.knmi.nl/onderzk/oceano/
waves/era40/atlas.html

Summary
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