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Abstract The techniques of ensemble forecasting based on EnKF(Ensemble Kalman Filter) and bias-correction are applied to
predict the tropical cyclone intensity by using MM5 model. Adopting the Anthes-Kuo, Grell, and Betts-Miller cumulus param-
eterization schemes, and high-resolution Blackadar, Burk-Thompson, and MRF PBL process parameterization schemes, nine
groups model configuration are designed, and 45-, 60- and 75-min forecasts are conducted for each situation. With the “mirror
imaging method”, 18 different initial conditions are obtained. Taking the “Rankine vortex” as observational data and the 18 dif-
ferent initial conditions as the background ensemble, the EnKF data assimilation with EnSRF arithmetic are then carried out.
Utilizing the 18 data assimilation results as the ensemble forecasting initial fields and taking 9 different model configurations,
72-h forecast is carried out. Two experiments are designed: one is the ensemble forecasting based on EnKF data assimilation,
which is used to compare with non-assimilation ensemble forecasting, and 6 typhoon cases occurred in 2004 are selected. The
other uses the bias-correction method to modify the ensemble forecasting results, in which 16 typhoon cases occurred in 2003
and 2004 are selected. So we can discuss the impact of bias correction. The results of the first experiment show that because
the MM5 model has deficiencies in intensity forecast, the ensemble forecasting system with data assimilation has made little im-
provement compared with non-assimilation. The results of the second experiment show that, as can be seen from the RSS in-
dex, the bias-corrected intensity forecast makes great improvement compared with that of uncorrected. On the average, the ab-
solute error of intensity forecast is reduced obviously than that of control prediction in every forecast time. The error for 48-
and 72-h are 18 hPa, and 11 hPa respectively, which minishes 5 hPa forecast error at 48-h. By bias correction, the error of in-
tensity ensemble forecast sample mean is reduced, and the PDF mean is closer to the theoretical value. Therefore, the quality of
the intensity ensemble forecast results, particularly forecast probability, is increased. So the sample variance is reduced and a
more reasonable intensity probability forecasting is obtained.
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The flow chart of tropical cyclone ensemble forecast

based on Ensemble Kalman Filter(EnKF) data assimilation
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Table 2 The information of tropical cyclone experiments
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before (filled pentacle) and after (filled circle) bias-corrected, and the observations (filled box) ;

(The tropical cyclone center pressure change along forecast time before (a) and after (b) bias-corrected, the solid
box means observations and the line with no mark means all the ensemble forecast results; (¢) the ensemble mean
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Fig.5 The intensity forecast probability density function curve at the 48-hour before (dashed line)
and after (solid line) bias-corrected for all typhoon samples
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Table 3 The probability forecast of tropical cyclone intensity at the 48th hours (%)
0302 0306 0310 0313 0314 0317 0320 0402
UR Bias-corrected 5.1538 5.2322 88. 627 4.9265 4,555 89. 488 95. 948 68. 813
UR Uncorrected 5.1534 5.2322 22. 800 4.9125 4. 4672 69. 731 5.2324 17. 255
0404 0406 0414 0419 0422 0424 0425 0428
UR Bias-corrected 60. 859 5.1028 96. 686 94. 843 99. 351 95. 007 40. 583 90. 056
UR Uncorrected 5. 1442 5. 0958 33.82 97.552 20. 539 75.401 4. 5833 7.3332




86

B 026 B A% 3 175 D0« 33X S0 ARF A B R AR A S
WA ZE 16 1E 5 AR PR 45 Rk A . UR D573k A 10
A A A B T 50 96 4 T AR HEAT
fii 2218 IS 2 A BER BAR A 3 A & K06 2 2%
P ROAE B 50 06 R I A 38 3 s 2648 1E IS Y 5
JEE PR SR

EF Spread (hPa)

EF Spread (hPa)

EF Spread (hPa)
oo

3.4
5 5
=} Z3.0
S B
o o 2.6
a, a, )
o g 2
E (a) Kuijiri(0302) & 2.27(b) Soudelor(0306)
24 30 36 42 48 54 60 24 30 36 42 48 54 o
Forecast times (h) Forecast times (h)
9 ——— 14
£ s ’ £
& &
- 7 - 10
I y I
2 61 J g2 8
3, y 3,
2 @ ol
& /e) Maemi(0314) = (f) Ketsana(0317)
4 4
24 30 36 42 48 54 60 24 30 36 42 48 54 60
Forecast times (h) Forecast times (h)
5.5
£ 508 g U
< \ &
- 4.5 - 9
551 551
£ 4.0 2
5, Sy
L35 <@
] (i) Conson = 7 () Dianmu(0406)
3.0 5
24 30 36 42 48 54 60 24 30 36 42 48 54 o
Forecast times (h) Forecast times (h)
8.5 —
=z 10 T 8.0
& £1.5
g 7 g 7.0
2 2
2 g 8.6.5 p
2 2]
& | (m) Meari(0422) &= 0-01 (27 Tokage(0424)
5.5

424 30 36 42 48 54 60 24 30 36 42 48 54 60
Forecast times (h) Forecast times (h)

12 8.0

Gl 1.5

Z 10 =

- 7.0

7 S

g 8 56.5

=) p o / N

& “6.0l

& 6/ (0) Nock—ten(0425) 2] (p) Nanmadol(0428)

724 30 36 42 48 54 60

Forecast times (h) Forecast times (h)

24 30 36 42 48 54 60

K2 2010,68(1)

Acta Meteorologica Sinica

Kl 6 25 T i 22 18 IR 4% 5 KA Bl B 41 o 6]
I B b v 22 00 A o T UL A 22 18 IE J5 A vE 22 A A
[ 7 JBE )R » 2o o 7 i 22 18 TE I L 25 B 45 I
TR AL 5 LI A7 A AN 5] 9 O 2 o T i 22 488 1ERE 45 A
S i) L 3 o8 A5 BB (] ) 22 AR A+ B TAT 2 A
T 75 7%+ D O 23R 41 A Lt AR N3 R

7 (d) Dujuan(0313)

24 30 36 42 48 54 60
Forecast times (h)

e Titau(0310)

9 13
<
7 £ 1
S
g o
5 )
45}
<3
=

324 30 36 42 48 54 60
Forecast times (h)

EF Spread (hPa)

(h) Nida(0402)

824 30 36 42 48 54 60
Forecast times (h)

2.5
24 30 36 42 48 54 60
Forecast times (h)

9.8

EF Spread (hPa)

(1) Songda(0419)

REanim(0414)

5.5
24 30 36 42 48 54 60

Forecast times (h)

524 30 36 42 48 54 60
Forecast times (h)

6 iR 3 AR G LA 1) I B AR o 22 Gl 2 W A8 IR AT LR W B IEJRD

Fig. 6 The intensity ensemble forecast spread from 24 to 60 hours before (doshed line)

and after (solid line) bias-corrected for all typhoon samples
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