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ACCURATE ESTIMATION AND APPL ICATION OF 3-D ERROR COVARIANCE
STRUCTURES IN G_LOBAL DATA ASSIMILATION
Part  : Accurate Estimation of Error Covariance in Observation Space

®ng Jiandong® We Li> Tao Shiwe* Zhao Gang* ‘Wwan Feng'

1 National Meteorological Centre, Bejing 100081
2 Cold and Arid Regions Environmental and Engineering Research Institute,
Chinese Academy of Sciences, L anzhou 730000

Abstract

Observation and background error covariances play important rolesin the four-dimensona data ass milation
and operationa data anayss system, and they determine the relative importance of observation and background
information, and the gread of these information in the grid gpace and among various control variables. Because
the true atmopheric sate is unknown, it is necessary to develop some techniques to estimate observation and
background error covariances. Among these techniques, the method which uses innovation vector (observation
minus background in the observation gpace) to partition observation and background error covariancesis more ac-
curate than other methods; and its estimated observation errors can be directly used in the data analyss system,
and its estimated background error covariance can be used as a benchmark to tune and verify the results from
other techniques, such as © caled NMC method. Udng Nationa Meteorological Centre global mediuntrange
analyds and forecast system T213L 31" s 6 hour forecasts as a background , and winter/ summer two seaona ra
diooonde observationsin the Northern Hemiphere, the Bess fitting function is used to partition observation and
background error covariances. The analyss and comparion are performed during winter and summer periods,
and among the datafrom three dense radiosonde observations regionsof East Asa, North America, and Europe.
The results show that the requirementsfor Bess fitting method, such as horizontal homogeneity and isotropy ,
are roughly satidied in dl three regions, reatively better in North America and Europe, but dightly worse in
East Ada. The error variances change greatly with different regions and seans. For example, for temperature
and scalewind in winter those values are about 0.2 K and 0.9 m/ slarger than those in summer , regectively.
Below 400 hPa and above 150 hPa the temperature background error variances are smaler than the observation
error variances, but within 200 - 300 hPa, the background error is dightly larger. The characteristics of winds
are amilar with temperatures. In the gpectrd gace, the mgor temperature and wind background errors are dis
tributed within wave-number 40, with the maximum in about wave number 20. The horizontal de correlation
length istempordly , gpatialy stablefor al variables, but the vertica de-correlation length of temperatureisrea
tive narrower than that of wind, and their main vertical correlations are located within wave number 20. The
analyss results o show that the background error covariance structure for temperature is clearly more stable
than that of height, regardiess of different seasons or in different regions; and for wind field the covariance
structuresfor vorticity and divergence are clearly more stable than those of stream-function and velocity potential
function , egpecialy for horizontal de-correlation length. Those results are usef ul for tuning and verification of the
global data assmilation which adopts temperature, vorticity and divergence as anays s variables.

Key words: Observation error , Background error covariance , Bess function fitting, Error sgparation, Ac
curate estimation.



