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Table 1: Milestones of the Development of the Central Weather Bureau Global Forecast System.
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Table 2: The model configuration of the Central Weather Bureau Global Forecast System in 2004 and

the major differences between the configurations in 2004 and in 2010.
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Table 3: Numbers of data used in the operation of the numerical model forecasts at CWB, NCEP and
ECMWEFE, respectively. The values were counted at 12UTC November 20 for 2001, and were
the mean of 12UTC August for CWB and NCEP and at 12UTC September 13 for ECMWFE,

respectively, in 2011.
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Figure 1: Monthly mean anomaly correlations of the CWB GFS model day-5 geo-potential height

forecast over northern hemisphere between 20 to 80 degree latitudes on 500 hPa, from 1995 to

2010. The 12-month running mean is shown in the smoothed curve. (Figure provided with help

from Mr. H.-M. Kuo, Central Weather Bureau)
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Figure 2: Trends, from July 1998 to September

2001, of the day-5 CWB GFS model forecast error of

the zonal averaged mean temperature (°C) between 850 hPa and 500 hPa.
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Figure 3: CWB GFS model, with single-layer soil model in upper panel and multi-layer soil model

in lower panel, monthly mean day-5 latent heat flux forecasts during the operational test on July

2002. Areas of over forecast are shaded. Contour intervals are 50 W/ m2.
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Figure 4: CWB GFS model, with OSU two-layer soil model in upper panel and Noah soil model in
lower panel, monthly mean day-5 1,000 hPa temperature forecast errors during the operational

test on December 2009. Scales (°C) are shown in right panel.
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Figure 5: 14-day mean observed (solid lines) and the CWB GFS model day-5 forecast (dash lines)
500 hPa geopotential heights. On upper (lower) panel, the original (revised) version of the

cumulus and planetary boundary layer parameteriza- tions was applied in the CWB GFS.

Contour intervals in 60 meters.
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Figure 6: The error standard deviations (in meters) of the geopotential height forecast of models
NFS (curves with Xs) and LAFS ( with Os) on 850 hPa (upper), 500 hPa (middle), and 300 hPa

(lower) during the operational test period from September to November 2001 .
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Figure 7: As in figure 6, the standard deviations of temperature forecast error (in °C) from model
NFS (Xs) and LAFS (Os) on 850 hPa (upper), 500 hPa (middle), and 300 hPa (lower) during the

operational test period from September to November 2001.
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Figure 8: The ETS (upper) and bias (lower) of the NFS middle meshes (lls) and LAFS inner meshes
(@s) model precipitation forecasts during 11 May to 10 July 1998 during SCSMEX.
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Figure 9: The ETS of the precipitation forecasts in different model configurations (line patterns
indicated on right upper corner) of NFS cumulus parameterization. The period of the model
forecast examined was 8§ May to 10 July 1998 during SCSMEX, and model horizontal

resolutions are 20 km.
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Table 4: Modules of the Central Weather Bureau WRF forecast system.
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Figure 10: Root mean square errors of CWB WRF 72-hour 850 hPa temperature (°C) and 500 hPa
geo-potential height (meter) forecasts in 2008 to 2010.
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Table 5: Forecast errors of 12 hours, 24 hours and 48 hours typhoon track forecast from CWB
Typhoon Forecast System in 1994 to 2003. The model grid resolutions, numbers of typhoon, and

numbers of forecast cases are also indicated.

12hr 24hr 48hr
1994 — 60 km 97 km 210 km 452 km

17 of 34 typhoons (130 cases) (129) (121)
1994 — 45 km (rerun) 104 km 185 km 369 km

17 of 34 typhoons (130) (129) (121)
1995 — 45 km 111 km 203 km 421 km

18 of 25 typhoons (168) (159) (128)
1996 — 45 km 94 km 172 km 338 km

24 of 29 typhoons (231) (209) (164)
1997 — 45 km 97 km 162 km 264 km

20 of 31 typhoons (180) (162) (129)
1998 — 45 km 108 km 183 km 369 km

14 of 17 typhoons (106) (92) (68)
1999 — 45 km 93 km 161 km 270 km

15 of 23 typhoons (96) (83) (55)
2000 — 45 km 86 km 149 km 299 km

21 of 23 typhoons (187) (168) (128)
2001 —45 km 88 km 162 km 314 km

23 of 26 typhoons (229) (211) (163)
2002 — 45 km 83 km 147 km 293 km

19 of 26 typhoons (175) (158) (126)
2002 — 45 km /15km nest 88 km 137 km 268 km

19 of 26 typhoons (175) (158) (126)
2003 — 45 km/15km nest 99 km 163 km 326 km

21 of 21 typhoons (218) (200) (161)
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Homogeneous comparison of NFS, TFS-nest, CWB for 17 typhoons
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Figure 11: The mean forecast errors of 24-h, 48-h, and 72-h typhoon track forecasts of NFS (in left of
each group), TFS (middle) and CWB (right). The cases were selected from 17 typhoons in 2002

and 2003.
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Figure 12: Observed (with typhoon symbols) and NFS model forecast tracks of (upper panel)
Typhoon Durjun (2003) at 06 UTC September 1 and (lower panel) Tropical storm Milor (2003)
at 06 UTC November 2. Two forecast tracks are with (curves with Ws) and without (with Ns)

including dropsonde observations in model initial fields.



typhoon track forecast errors from 1994 to 2010
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Figure 13: Trends of the CWB typhoon track model forecast errors, in 24, 48, and 72 hours forecasts,

from 1994 to 2010.
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The Numerical Weather Prediction System of the
Central Weather Bureau(Il): Overview of Forecast
Models

Tien-Chiang Yeh, Chin-Tzu Fong, Tzay-Ming Liou, Der-Song Chen,
Kang-Ning Huang, Wen-Mei Chen, Feng-Ju Wang, and Jing-Shan Hong

Central Weather Bureau

ABSTRACT

35 years have passed since the first introduction of the computer system at the Central
Weather Bureau (CWB) in 1976 to build up the automatic facilities for weather service. An overview
of the system development has been documented in Yeh et al. (2012). In this report, the evolution
and current condition of Numerical Weather Prediction (NWP) models of the CWB were reviewed.
The improvements of the numerical forecast system in CWB were found to be mainly associated with
the increase of the model resolutions, progress of the model dynamics and physics, employment of
3-dimensional variation analysis scheme in objective data analysis, and the incorporation of the near
real-time non-traditional observations, such as the radiance data detected by satellites, in the analysis.
The refinement in typhoon vortex bogussing and relocation methods and application of ensemble
forecast techniques in the regional forecast were also contributed to the improvement of the typhoon

track forecast and rainfall forecast at the service of the CWB.
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