Representation of the stratosphere
in ECMWF operations and ERA-40

History

Time series of forecast verification statistics

Wind increments, PV and parametrized gravity-wave drag
Forecast accuracy: The Antarctic sudden warming of 2002

Some aspects of ERA-40, and comparison with operations:

Temperature trends

Bias correction

Radiance assimilation
Moisture and ozone

- QBO

with acknowledgements to many at ECMWF



Versions of the operational forecasting system
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Versions of the operational and reanalysis systems
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Pressure (hPa)

Today’s operational and ERA-40 system
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Annual running-mean forecast verification (against analyses)
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Annual running-mean forecast verifications (against analyses)
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An 1] ual runn | ng - Standard deviation of 50hPa vector wind error (m/s)  Northern Hemisphere
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Potential vorticity on 850K isentropic surface
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Potential vorticity and specific humidity on 850K isentropic surface
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10hPa height and specific humidity on 850K isentropic surface
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20hPa temperature °C
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20hPa temperature °C
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Verification against analyses and radiosondes
August/September 2002, Southern Hemisphere

RMS error of 20hPa temperature (°C)

RMS error of 20hPa vector wind (m/s)

vs radiosonde

—-——=—==vs analysis

vs analysis vs radiosonde

10

Analysis and short-range
forecast error is significantly
smaller than radiosonde
“observation” error

Radiosonde “observation”
error includes ‘“errors”
in location and time




Global Anomaly (degC)
Relative to 1979-1990
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Trends Tropical-mean 100hPa temperature (Deg C)
—— ERA-15
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Trends Tropical-mean 100hPa temperature (Deg C)
—— ERA-15
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Monthly-mean 100hPa temperatures from re-analyses and
radiosondes at 14S 171W (American Samoa)
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Global-mean temperature at 1hPa and 3hPa
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Zonal-mean temperature difference
January 1989 — January 1981
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Equatorial specific humidity
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Total Ozone (Monthly means from1957 to 2002)

(following Pascal Simon, Météo-France)
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Conclusions

- Basically a success story (sudden warmings, QBO, ...)

« But some problems persist, and new ones are emerging:

Model biases (radiation, gravity-wave drag, upper boundary
conditions, ... )

Observation biases (satellite radiances, radiosondes)

Fitting of radiances in variational data assimilation

Balance of the analysis

Humidity

Handling of tides

Performance of 3D-Var compared with 4D-Var

... and others that following speakers and the discussion
groups will identify
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