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Reanalysis

» Data assimilation has been developed primarily to
provide initial conditions, “analyses”, for operational
numerical weather forecasts

* Quality of operational analyses varies over time largely
because of changes in data assimilation systems

* Reanalysis:

- applies a fixed, modern data assimilation system to multi-
decadal sets of observations

- generates a sequence of atmospheric and land/ocean/ice
surface conditions every few hours throughout the period

- provides complete, gridded data sets for use in a wide variety
of applications




Data assimilation
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- Statistics Six-hourly 3D analysis

- Dynamical and physical relationships

* to produce the “most probable” estimate of the
atmospheric state (and some estimate of uncertainty)

The quality of reanalyses is affected by:

* The quality of the assimilation system

- The assimilating model (atmosphere, ocean waves,
land state)

- The analysis system

* The characteristics of the observing system

- The type, accuracy and coverage of observations,
changes over time in particular

* The prescribed boundary conditions
- Sea-surface temperature and sea-ice distribution

- Land-surface state (vegetation, lakes, ...)

* The specified atmospheric composition
- Greenhouse gases, aerosols, ...




Primary global reanalyses

NCEP/NCAR
- 1948 — present by NCEP with NCAR data supply

ERA-15
- 1979 — 1993 by ECMWF

NCEP/DOE (Reanalysis-2)
- 1979 — present by NCEP with DOE funding

ERA-40
- 1957 - 2002 by ECMWEF and partners (including NCAR)

JRA-25
- 1979 - 2004 by JMA (including observations from ERA-40)

Changes to the observing system

1940s: Establishment of network of
Atlantic and Pacific Weather Ships

1957: Radiosonde network enhanced in
Southern Hemisphere for
International Geophysical Year

1973: NOAA-2 — First operational sounding of
temperature and humidity from polar-
orbiting satellite

1979: Improved sounding from polar orbiters
Winds from geostationary orbit
More data from commercial aircraft
Drifting buoys

Today: Additional satellite, aircraft and buoy data
Poorer radiosonde coverage (but better quality data)




The Netherlands’ gift to ECMWF

OOUTC 1 February 1953
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Re-analyses for time of Windscale nuclear reactor fire
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Accuracy of forecasts from ERA-40 and ECMWF operations
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NCAR’s
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NCDC'’s Integrated Global Radiosonde Archive

Mean daily 00UTC and 12UTC sonde numbers
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ERA-40 SYNOP and SHIP coverage

9-15UTC 1 July 1966

ERA-40 SYNOP and SHIP coverage

9-15UTC 1 July 1967
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SYNOP sources for NCEP/NCAR reanalysis
(J.Woollen, NCEP)
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Figure 3. Land surface inventory. From back to front, in megabytes; NMC, ICEB, FGGE., USAF, TDI13, TD14, USSR,

Snow-depth data available for ERA-40

1958




Trend and variability in two-metre temperature

Anomaly wrt 1987-2001 averaged over Europe (°C)
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Identification of data problems: a land example

Surface air temperature anomaly (°C) with respect to 1987-2001
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EUMETSAT's reprocessed METEOSAT-2 winds

a) Old operational IR data b) Reprocessed ELW data, IR and VIS
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EUMETSAT is reprocessing data from later METEOSATS

Radiosonde bias correction using ERA-40 feedback
(Haimberger, 2005)
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(Obs- background) for UK radiosonde temperatures

at 100hPa as a function of solar angle
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850hPa specific humidity differences

RMS fit (g/kg) of analysis and background to 12UTC 850hPa radiosonde humidities
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Precipitation over the Baltic catchment area (1981-2001)
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Stratospheric age of air simulations with a chemical

transport model
(Beatriz Monge Sanz, Martyn Chipperfield)
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Plans for global reanalysis

ECMWF

* An interim global reanalysis

will cover 1989-2009, starting soon

will have higher horizontal and vertical resolution than ERA-40
will use 4D-Var and latest version of forecasting system

will address several problems in ERA-40 analyses

will provide baseline for further developments, including
constituent analysis

* A new extended global reanalysis
- ERA-65/75 (1938/48-2012) to begin in 2010

- experimentation for pre-1989 periods will be done with interim
system

- preparatory work on observational database is a major task
- subject to funding

Plans for global reanalysis

Japan Meteorological Agency

* JCDAS (JMA CDAYS)
- JRA-25 (1979-2004) will be continued in near real time

» 2nd Japanese reanalysis (JRA-50)
- will cover 1958-2010 and be completed by 2012

USA
* NOAA CDC

- Reanalysing 1938-1948 using only surface-pressure obs
* NASA GMAO

- MERRA will cover 1979- .... ; 1970s will also be studied

* New NOAA (NCEP/CDC/NCDC) programme
- ~1950- ....




