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Abstract: By using the object-oriented method of contiguous rain area (CRA), this paper investigates
sources of the rainfall forecast error in deterministic forecasts by the ECMWF, and their changes with dif-
ferent rainfall levels and forecast periods when typhoons influenced China in 2019. Then, the correlations
between typhoon track errors and displacement errors of rainfall events are analyzed and the performance
improvements of rainfall forecasts calculated with track correction or CRA shifting are compared. Finally,
forecast errors of rainfall probability distribution, radial and asymmetric rainfall distribution are verified
and analyzed. The results are as follows. In general, the main forecast errors come from displacement er-
ror and shape error. Except for enormous amount of rainfall, track error is significantly correlated to the
displacement error of CRA rainfall events. The improvement of rainfall forecasts made by track error cor-
rection is less than that made by CRA shifting correction. The shape of probability density distribution for

rainfall forecasts resembles the observed one, but the forecasted rainfall intensity in typhoon core area is
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stronger than the observed one. Before and after typhoons’ making landfall or approaching the coast, the

forecasted rainfall is much closer to typhoon center than the observed one, and it lags behind the observa-

tion. The asymmetric structure of forecasted rainfall is significantly weaker than the observed one.

Key words: CRA (contiguous rain area), forecast error of typhoon rainfall, track error, displacement error
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Table 1 Forecast cases of typhoons landing in or

near China in 2019
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Fig.1 (a) Illustration of coordinate transformation from geographical space (xy coordinate)

to track-relative space (x’y’ coordinate) (red line; typhoon track) ,

(b) observed 24 h precipitation before the landfall of Typhoon Lekima in the

(b;) geographical and (b,) track-relative space coordinates
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Fig. 2 The forecast error verification of track and intensity of typhoons influencing China in 2009

(a) track error, (b) absolute error of maximum central wind speed, (c) absolute error of

minimum central pressure, (d) minimum central pressure error (forecast minus observation)
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The probability distribution of CRA error component proportions for

different rainfall levels and different forecast time periods
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Fig. 4 Scatter plots of the shifting distances of CRA rainfall areas and the mean track errors of

typhoons during the corresponding time periods at different rainfall levels
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(a, b) Typhoon best tracks (solid line) 48 h before and after landfall or near coast and typhoon

influence range within 600 km along the best tracks (dashed line), (c, d) probability density distribution
of daily rainfall within 600 km along the best tracks or the forecast tracks
(vertical lines from left to right; the 50% and 90% quantiles)
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Fig. 9

(a, b) The radial distribution of the averaged rainfall rates for typhoons landing in

or near China coast, (c) average errors of central pressure and maximum wind speed

of the aforementioned typhoons (forecast minus observation)

(a) 0—24 h, (b) 24—48 h



%11

fi

WK A 2019 4F 52 [ G KUY B K TR 5% 22 B HOR TR BT 50 1311

KT WAL X RS A R A i E . B AT 1A k. 1 i DL 5 KR £

ERT

/)

oY THAR A2 SR A X AL R AR L 1O R R Y IR ORAS [R]
PN U % 42 J7 1] Calong track) F1 3 B T B§ 12 )7 I

4.3 BREKEEIRZERNKTESMIFE

(cross track) B K 6T G247 B TR 12 22 43 A (] 10D,

i o M B AR A S T B KA D B B H along track Bk 22 5 S B AR AN UL I [ K X G

500 0~24 h, 30 mm 24~48 h 30 mm 48~172 h 30 mm
u=-18 s=52 } u=—63 s=79 ‘ u=—44 57114‘
u:—19 5=87 1 u :—18 37109\ u:—34 57130\
|
g 250 I ‘ ‘
24 | | |
/\\ | | |
£ ‘ } !
R — - e | "
i
« I
= l |
22 —250 I I
|
j j j
| | !
n=38 I n=27 I n=16 I
—500 . | j
500 0~24 h, 50 mm 24~48 h 50 mm 48~72 h, 50 mm %
T T
u=-14 s=59 } u==51 s5=97 ‘ u=—60 s\=117}
u==18 s=94 | u==28 s —121\ u=—15 s=151 18
- | | - |
g 250 | I
e ! |
> | !
5 ‘ | 16
Eoop 1 fffffffffffffffff g
o
y(‘_‘
> 14
%= |
2 —250 } [
! | 12
n=39 ! n=15 !
—500 . .
500 0~24 h, 100 mm 24~48 h, 100 mm 48~72 h, 100 mm 10
u=-18 s=70 ‘ u=-51 3—106‘ u=-—17 s=93 ‘
u—*28 3—129\ u—*47 3—125\ u—*26 3—113\ 8
g 250 ‘ ‘ ‘
A4 | | |
> | | |
& ‘ | ! 6
Pl - A ]
i
NGl ! 4
s | |
21 —250 I I
j j j 2
| | |
n=31 I n=17 ! n=9 !
=500 ! | j
500 0~24 h, 250 mm 24~48 h, 250 mm 48~72 h, 250 mm
T T T
u=11 s=47 } u=-32 s=57 ‘ u=—44 s=55 }
u=-169 s=216 u==71 s=75 | u=81 =37 |
| | |
g 250 I I |
A | | |
>\ | |
FC | S e T S
=
G| |
& ‘ 1
52 —250 I I
j j
| |
n=6 n=4 I n=2 |
— 00 1 |
=500  —250 0 250 500 =500  —250 0 250 500 —500  —250 0 250 500
e H BRI 22(0x) /km e H BRI 22(0x) /km T HPE 2122 (0x) /km

A ws 3 FRR R 2T ERFR A2 TR 2.y B0 RAR = My i,
n FERAEA K FUAEIE g 100 km, B AR FEREA FIF & 19 Ho 9]

P10 AN [a] TR I B RIAS [ Bk K A 2 T LAAS Sl A% D oy A A il ) 98 B A2 D 1l AR I LT 452 5 1 4 0 2 % 22 0 A
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Fig. 11

(a) Environmental vertical wind shear (red; ECMWF analysis value; blue; ECMWF forecast value;

arrow: direction of vertical wind shear); (b) 0—24 h and (¢) 24—48 h asymmetric rainfall distribution for

typhoons of Wipha, Tapah and Mun landing in or near China Coast [ colored: ratio between

asymmetry M, and symmetry M, (averaged over 10 km-wide annuli around the TC center) ]
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