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Fig. 1. The single domain for WRF model.
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Table 1. The parametric settings of WRF
model.
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Table 2. The execution performance of
different 4DVAR at low-resolution

grid.
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Fig. 2. ADVAR Single observation experiment was done by Huang et al. (2009) : a severe winter

storm case that occurred at 0000 UTC 25 January 2000, differences of the potential
temperature (shading) at 500 hPa at 0, 1, 2, 3, 4, 5, and 6 h between two forecasts: one
initialized from the background and the other from the 4D-Var analysis. The thin black
contours are geopotential height (m) in the forecast from the background. The star sign
indicates the observation location.



3.2008 4= 9 H 12 H 0000 UTC(Sinlaku j#g/EHART) . Full resolution ADVAR BB HIBEET B » &L
SARENER 2B - B RADE T E -
Fig. 3. Full resolution 4DVAR Single observation experiment, as in Fig. 2, but use different case that
occurred at 0000 UTC 12 September 2008 (Typhoon Sinlaku).

4.2008 £ 9 A 12 H 0000 UTC(Sinlaku g/ HARH) > % &% & ADVAR BEE N BLE 6y -
EFARENER ZMIE » BRI E -

Fig. 4. Multi-incremental 4DVAR Single observation experiment, symbol represents as in
Fig. 3.
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Fig. 5. Multi-incremental 4DVAR Single observation experiment, as in Fig. 4, but move

observation location to the northeast.
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Fig. 6. Three experimental geopotential height (H) in the vertical layer of the average Root
Mean Square Error, (a) analysis, (b) 24, (c) 48, (d) 72 hour forecast. Dash line:3DVAR,

solid line:Full resolution 4DVAR, dotted line:Multi-incremental 4DVAR, bars:the maxmum

and minmum.
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Fig.7. Three experimental temperature (T) in the vertical layer of the average Root Mean
Square Error, (a) analysis, (b) 24, (c) 48, (d) 72 hour forecast. Symbol represents as in
Fig. 6.
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Fig. 8. Three experimental wind (U) in the vertical layer of the average Root Mean Square
Error, (a) analysis, (b) 24, (c) 48, (d) 72 hour forecast. Symbol represents as in Fig. 6.
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Fig. 9. Forecast track comparing three experiments for Typhoon Sinlaku, (a) 3DVAR, (b)
Full resolution 4DVAR, (c) Multi-incremental 4ADVAR.
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Fig. 10. Track error (km) comparing three experiments for Typhoon (a) Sinlaku, (b) Hagupit,
(c) Jangmi. A:3DVAR, @:Full resolution 4DVAR, x:Multi-incremental 4DVAR.
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Fig. 11. (a) The high-resolution domain, resolution : 5km, (b) The distribution of model grid
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Fig. 12. The rainfall distribution of Observation and model forecast for Typhoon Sinlaku.
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Fig. 13. The rainfall distribution of Observation and model forecast for Typhoon Hagupit.
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Fig. 14. The rainfall distribution of Observation and model forecast for Typhoon Jangmi.
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Fig. 15. The verification of precipitation for Typhoon Sinlaku, (a) 3DVAR, (b) Multi-incremental
4DVAR, the horizontal axis represents the threshold value of precipitation (mm), the vertical
axis represents ETS score values and outliers. A, B, C, D, E, F, respectively, from 0 to 12
hours, 12 to 24 hours, 24 to 36 hours, 36 to 48 hours, 48 to 60 hours, 60 to 72 hours of
accumulated precipitation.
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Fig. 16. The verification of precipitation for Typhoon Hagupit. Symbol represents as in Fig. 15.
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Fig. 17. The verification of precipitation for Typhoon Jangmi. Symbol represents as in Fig. 15.
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Fig. 18. Track error (km) comparing four experiments for Typhoon (a) Sinlaku, (b) Hagupit, (c)
Jangmi. A:3DVAR, @:Full resolution 4DVAR, x:Multi-incremental 4DVAR, <>:increase
Jc weighting of Multi-incremental 4DVAR.
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The Preliminary Assessment of Four-dimensional
Variational Data Assimilation (4ADVAR) Performance
at Central Weather Bureau

Chin-Hsiao Chiang®, Xin Zhang?, Chin-Tzu Fong®, Xiang-Yu Huang?
'Central Weather Bureau
’National Center for Atmospheric Research

ABSTRACT

The current data assimilation technique used by the Central Weather Bureau (CWB) in Taiwan is
the three-dimensional variational data assimilation (3DVAR). Although 3DVAR is computationally
economical in operational NWP, its background error covariance (BE) defined as static matrix and
which can not evolve with the time is the major weakness. Therefore, all to-be-assimilated
observations have to be presumed as the snapshot of the current atmospheric state. Recently, the
CWB has upgraded its computational resources significantly; and the opportunities arise to test the
advanced data assimilation methods, such as four-dimensional variational data assimilation (4DVAR),
which has the capability to take into account the observation data within a certain timeframe. In this
paper, the impact of 4DVAR on the Weather Research and Forecasting (WRF) model in the context of
the CWB operational configuration has been evaluated systematically.

The comparisons between the 3DVAR and 4DVAR experiments are summarized as follows: (1)
The single-observation experiment confirms that the 4DVAR is able to evolve the BE implicitly and
demonstrates the flow-dependent characteristics on the analysis; (2) With the data observed during
2008 THORPEX Pacific Asian Regional Campaign (T-PARC), the 4DVAR experiment preliminary
results can not compete with which by the 3DVAR on grid-point verifications, but 4DVAR
experiment demonstrates comparable typhoon-track forecasts with those of 3DVAR; (3) The 4DVAR
experiment with high horizontal resolution usually produces better precipitation forecasts in terms of
the pattern and peak value. This implies that the high temporal-and-spacial-resolution related
observations, such as radar data, may be better assimilated in 4DVAR; (4) The multi-incremental
4DVAR is able to complete the analysis on the 45km horizontal-resolution CWB operational domain
(East-Asia) in 30 minutes (2 outer loops), and complete the 5km Taiwan domain in 50 minutes. The
computational costs of 4ADVAR are affordable for operational purpose given the CWB computational
resources.

Key words: variational data assimilation, flow-dependent, typhoon-track forecast, multi-incremental,
grid-point verification
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