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The Analysis on Variation of Horizontal De-correlation Length with
Model Resolution in Data Assimilation System
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Abstract De-correlation length of background error covariance is one of the most important parameter in data assim-
ilation system, it determines the spatial spread of observation information. The theoretic results show that de-corre-
lation length defined in global domain with harmonic space and in regional domain with Bessel function space is e-
qual, it is determined by all power spectra of background errors. The de-correlation length is shorter when the wave
number is larger, or model resolution is higher, and the rate of variation is decided by the slope of global power
spectra. The atmospheric energy power spectra obey the law of —3 in synoptic scale (4 — 20 wave numbers) and the
law of —5/3 in mesoscale (larger than 60 wave numbers). This law is not changed with season and model domain,
but the power spectra of background error in mesoscale is greater than power —5/3 due to model dissipation. The
high dissipation tends to increase the slope and to deviate the power spectra of background errors away from atmos-
pheric power spectra. By comparing and analyzing various sources of de-correlation length data provided by the pub-
lished papers and background files from NWP models, the results show that de-correlation length and model resolu-
tion will basically obey the law of square-root of two when model resolution is less than 350 km. In an ideal numeri-
cal experiment, the power spectra of background errors within synoptic scale are set to be the same as Fig. 6 of Rabi-

er et al. (1998). From subsynoptic scale to mesoscale, the slope of horizontal autocorrelatoin spectra as a function
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of horizontal total wavenumber in a log-log graph is set varying from —5/3 to —4. The results also show that the
decrease of de-correlation length is slower as model resolution increases, and the sensitivity of de-correlation length
to model resolution is reduced. The slope of —2. 8 is most fitting to real data for temperature.

This paper provides one method to estimate de-correlation directly based on energy power spectra of background
error, and is different to other estimation methods, such as innovation vector method, and NMC-method etc. The
innovation method is based on density radio-sonde data in observation space, and the domain is within 3000 — 4000
km and the distance between stations is larger than 300 km. That means the innovation method can only provide
power spectra within 10 = 70 wave numbers. The NMC-method based on model space, and it can provide power
spectra for all wave number resolved by model resolution. Both methods have no ability for high model resolution.
The merit of this method in this paper is that it can directly use the power spectra derived from ideal or real back-
ground error with slope of —2. 8 to estimate temperature de-correlation length, and this is also helpful when the
model resolution is high. it does not need to recalculate background error covariance again with NMC-method. It can

directly use old background field from NWP model after only tuning the de-correlation length using the relationship

described above.
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Table 1 The various temperature de-correlation length and origin
FFs B FEAM I A HER X B B /N B BT R AR 1 B2
No. Model Origin Model resolution/km ~ Minimum wavenumber Estimated de-correlation length/ km
1 T631.28 NMC/CMA 315 63 ~340
2 T1061.31 ECMWF 188 106 ~280
3 T1261.28 NCEP 158 126 ~260
4 T1591.24 NRL 125 159 ~226
5 T1701.42 NCEP 117 170 ~210
6 T2131L31 NMC/CMA 94 213 ~195
7 T2541.64 NCEP 79 254 ~165
8 MMS5 - 27 km NMC/CMA 27 741 ~119
9 MMS5 - 9 km NMC/CMA 9 2222 ~63
10 MMS5 - 3 km NMC/CMA 3 6667 ~25
11 MMS5 - 135 km  NCAR 135 148 ~275
12 MMS5 - 45 km NCAR 45 444 ~183

#: NMC/CMA JEFEILHOHE .

Note; NMC/CMA. National Meteorological Centre/China Meteorological Administration.
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