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A Comparison of the Products of CWB Global Forecast Systems
during the Observational Phase of the SCSMEX

Chi Pan' and Mong-Ming Lu?
'Meteorological Information Center, Central Weather Bureau, Taiwan, ROC

*Meteorological research and Development Center, Central Weather Bureau, Taiwan, ROC

ABSTRACT

The inter-comparisons of the analysis fields produced by the Central Weather Bureau (CWB} Global
Forecast Systems with T79 and T120 models during the observational phase of the SCSMEX (May 1 —
June 30, 1998) are studied. The CWB products are also compared with the analysis fields produced by
ECMWF. The comparisons of the products produced by the procedures of including and not including
some sounding data over central China observed during the intensive observational periods (IOPs) are
also made. In the analysis fields, the variables for study includes the 850hPa u-component over the
South China Sea (SCS) area and its vicinities, and the height fields at the levels of 200hPa, 500hPa and
850hPa. As to the predictions, the S1 score and the score of anomaly correlations of 500hPa height and
the sea level pressure over the Northern Hemisphere and East Asia are compared. Our resu.lts suggest that
the additional sounding data have very limited impacts on the analyses and predictions. As for the aspect
of the analysis field, the additional sounding data would slightly weaken the intensity of the
over-estimated 850hPa westerly winds over the SCS. For the predictions, the included additional data
improves the St scores. This implies that it may help improve prediction of the phases of synoptic
systems. We find that such biases as weak tropical easterly winds at 850hPa can not be improved by
increasing the model resolution from T79 to T120. However, the over-estimated wesferly winds can be
slightly improved after increasing the resolution. Finally, we find that neither including the additional
sounding data nor increasing the model resolution can improve the model's positive bias in the eddy part
of the 500hPa height field in Asia Monsoon tfopica[ area.
Key words: Analysis and Predictions, SCSMEX, T79 and T120 models.
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Fig.l NWP schedule in CWB. Table.1 Run time of the NWP schedule in CWB.
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Fig.2 The station data not received by CWB during the period of the South China Sea Monsoon
Experiment 10P primarily at 06UTC and 18UTC.
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A Summary of Typhoon Observation Analysis
and Statistical Forecast Studies in 2000

Shinn-Liang Shieh  Tien-Chiang Yeh

Central Weather Bureau

ABSTRACT

Typhoon is one of the most hazardous weather systems that affected Tajwan area. Its
associated strong winds and heavy rains often caused the most serious property damages
and life losses among all the meteorolegical disasters in Taiwan. For the purpose of
reducing the impact induced by destructive typhoons, studies on typhoon forecast and
flood mitigation were considered and selected by the National Science Council as the
highest priority of the National Science-Technology Research Program. An integrated
research “T'yphoon Observation Analysis and Statistical Forecast Studies” i1s one of the
research projects under the Program. This report summarizes the second year major

achievements of the eight wember studies of this project inits three-year research period.
Keywords: Typhoon, rainfall forecast, hazard mitigation
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EE R Kt o] A S4B sk T ARETIE
(Strong and McClain, 1984 ; B4ER: - 1988 ;
FHAESC 0 1996 )  RRFTIERIR T —AR LA ZHEE
BTSRRI FSREIEAE » A LR S
Bk HE A EEEAN » FT MR ES
BHE ¢
ASCHIHIE HBY R B S AT iR R AR EY

E2Y  AEERRE - EHeENERE -5
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ERES ) R FEEHES T E AR 1024
HEHEREAETIHRERRE  EAEREHEES

TRl - BlFEEEEn - HIE 77 ErEEiE
EEHRERSM - R ERSIN RIS ER
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Determination of Sea Surface Temperature and Cloud
Parameters from GMS’s Two Infrared Channel Data

Kuo-hsin Kuo™® and Tiong-it Chan"?

! Institute of Physics, Academia Sinica
? Department of Atmospheric Sciences, National Taiwan University

5 Central Weather Bureau

ABSTRACT

The new-generation VISSR on board the GMS-5 satellite launched into space in 1995 has
one more infrared window channel than the former VISSR had. Thus the two infrared channel
data can be used to correct for the aimospheric effects using the multiple channel method
well-known in the literature, so as to retrieve more accurate sea surface temperature (SST)
and cloud parameters. In this study three different techniques based on the so-called
three-point method and space coherence method were used to filter the ¢louds and then to
get the brightness temperature of the sea surface and the cloud top. In addition, by
selecting appropriate thresholds to screen the data, we got more reascnable brightness
temperature values. Subsequently we performed water vapor correction using one-channel
and two-channel method and the sea surface temperature and cloud parameter were retrieved
in the East Asia area we comsidered in this study. It 1s found that the modified
two-threshold technique gives better SST than the other cloud filtering method, as compared
to the ohservations with drifting buoy. Finally, a simple cloud classification method was
tested and the classification maps were generated. They are in good agreement with those
obtained by an empirical formula used in general circulation models.
Keywords: geostationary satellite, GMS, sea surface temperature, cloud parameters.
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A Study on Dominant Periods of Response Spectra in West-Central
Taiwan

E]

Tian-Pau Changl and Guey-Kuen Yu?

ABSTRACT

In this study, a total of 901 free-field accelerograms recorded in west-central Taiwan
from 32 earthquakes, between 1993 and 1999, are divided into four data groups based on
PGA levels, the station sites are classified into three types by their dominant periods
of acceleration response spectra. The characteristics of dominant periods are analyzed
from the viewpeints of both earthquake intensity and station types. The results show that
the dominant periods increase with the intensity. This phenomenon suggests that either
the stronger earthquake intensity accompanies with more long-period energy, or the
nonlinear behaviors of soil lengthen the ground periods. The ratios of vertical to
horizontal components for acceleration spectra are between (.528 and 0.635, those for
velocity spectra are between 1.009 and 2.198, and for displacement spectra are between
0.828 and 0.888.

The periods obtained from the Chi-Ch: earthquake are aimost the largest among the four
data groups, implying that the near-fault effects aredifferent from the far-field effects.
Key words: response spectra, dominant period, Chi-Chi earthquake

'Center of General Education, Nankai College, Nantou, Taiwan, ROC
®Institute of Geophysics, National Central University, Chungli, Taiwan, ROG
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Egk. Date Lon. Lat. Depth Mag Stations
no. (y/m/d) (°E) (°N) (km) (M,) triggered
1 1993/12/13 120.791 24215 26.49 4.46 g
2 1993/12/15 120.524 23213 12.50 5.70 27
3 1994/01/20 121.852 24.065 49.45 5.58 34
4 1994/03/28 120.687 22.985 1437 541 1
5 1994/04/06 120.421 23.532 13.44 5.03 22
6 1994/05/31 120.770 23.715 7.84 457 17
7 1994/06/05 121.838 24.462 5.30 6.20 32
8 1994/10/05 121.720 23.156 31.28 5.83 42
9 1995/01/19 120.761 23.305 14.32 4.46 6
10 1995/02/23 121.687 24.204 21.69 5.77 78
1 1995/06/25 121.699 24.606 39.88 6.50 46
12 1995/07/07 121.090 23.893 13.07 5.30 57
13 1995/07/14 121.851 24320 8.79 5.80 7
14 1995/09/07 120.966 23.764 24.75 434
15 1995/09/28 120446 23.507 927 4.48 12
16 1995/10/31 120.359 23.291 10.65 5.19 7
17 1996/04/07 120.662 23.468 1.18 470 8
18 1996/09/05 121.367 22.001 14.76 7.07 8
19 1996/12/15 121.422 24.022 71.36 4.81 7
20 1997/04/13 | 121.714 23.805 45.49 5.56 45
21 1997/05/02 120.179 24.186 22.65 4.50 10
22 1997/08/20 120.943 24,246 37.39 4.40 6
23 1997/10/29 120.598 23.627 1133 432 16
24 1998/05/01 120.166 24.203 16.71 435 5
25 1998/07/17 120.662 23.503 2.80 6.20 47
26 1998/07/18 120.694 23.513 1.81 4.51 9
27 1998/08/16 120.532 23.203 8.00 4.80 10
28 1998/09/16 120.840 23 836 2633 4.50 26
29 1995/09/20 120.815 23.853 8.00 7.30 79
30 1999/09/20 120.876 23.792 3.50 6.60 79
31 1999/09/22 121.047 23.826 15.60 6.80 59
32 1999/09/25 121.006 23.859 9.90 6.80 72
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Site v NS EW H comp. Stations

Data group type comp. comp. comp. (NS+EW) | triggered
Gy, A 182 317 326 643 33
B 215 330 345 675 47
(PGA210gal) | ¢ 83 150 154 304 23
G, A 85 132 129 261 30
B 109 169 169 338 47
(PGA =30 gal) 77 a5 65 65 130 21
Gs, A 58 86 91 177 28
B 85 121 124 245 44
(PGA =30 gal) 33 46 49 95 21
Gy, A 25 25 25 50 25
(Chi-Chi B 35 35 35 70 35
ainehack) C 19 19 19 3g’ 19




AZ B EHMEMBERAMNKRTEENS #)-

Data group Comp. SiteAtype Site l;ype Sitectype (;i; ilé)
i 0.105 0.137 0.195 0.126
dp_ a H 0.152 0.261 0.516 0218
V/H 0.693 0.526 0.378 0.578
G v 1.057 1.828 2.221 1.427
10 dp_v H 0.674 0.924 1.176 0.813
(PGA = 10 gal) . V/H 1.569 1.978 1.889 1.751
v 6.866 7.122 5.641 6.777
dp_d H 8.226 8.248 6.869 8.036
V/H 0.835 0.864 0.821 0.843
\ 0.111 0.136 0.229 0.139
dp_a 1 0.153 0255 | 0.561 0.243
V/H 0.725 0.533 0.408 0.570
G v 2.197 2476 2.507 2.371
30 dp v H 0.900 1.078 1.553 1.079
(PGA = 30 gal) V/H 2.442 2.297 1.615 2.198
v 6.171 6.949 6.322 6.521
dp_d H 7.884 8.369 6.869 7.837
V/H 0.783 0.830 0.945 0.832
v 0.104 0.166 0.335 0.170
dp a H 0.156 0.262 0.552 0.268
V/H 0.664 0.632 0.607 0.635
G. Vv 2.789 2.986 2911 2.909
50 dp v H 1.498 1.250 2.207 1.507
(PGA = 50 gal) . V/H 1.862 2.388 1.319 1.930
vV 6.173 6.333 6.592 6.345
dp_d H 7.628 8.066 6939 |  7.659
V/H 0.809 0.785 0.950 0.828
v 0.266 0.144 0.267 0.228
dp_a H 0,144 0.273 0.568 0.432
V/H 1.847 0.527 0.471 0.528
Gy V 3.424 4.392 4120 4.139
dp v H 3.000 3.653 4407 4.101
(Chi-Chi V/H 1.141 1.202 0.935 1.009
main shock) v 7.787 7.500 7282 7367
dp d H 8.028 8.668 8.192 8.299
v/ 0.970 0.865 0.889 0.888

—58—




N
24.2 o
24
symbol
238 4 Opeh
Ditype B
¥ hype G o
v&,epicenmr of Chi-Chi Yirdin
mainshock ) .
236 4 Chelungps fault v
: 3 : y i b Ll
119.8 120 1202 1204 120.6 120.8 121 1212 E

BH— AARTEBRUEIHE  BHE - FHE - ZABFHUALEA-
B-CHRAN PYLAIEBEE  ERAEEMEETR -
ALBARREMEZ2EMEERSH4 -



4 ' I . , . , . I ; I .

_ —————— TCUO048{type A)
_______ TCUOS52(type B)
L I —— TCU0B3(type C)

Normalized spectral acceleration
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M &k
Ak fEd - Geo & Leeetal(200) e 448 » B B EH WA S BLB-C-D-EmifE -

Wk | ML & K £ B Ait ht AHE 5 [Geo
1 TCU048 24.1807 120,593 P TREBERE A c
2 TCU049 24.1795 120690 | &¥PEER/ A D
3 TCUO051 24.1608 120.652 ¥ i EHE D A D
4 TCUO71 23.9860 120.788 BRGBELAR D A D
5 TCU080 23.9000 120.930 AL B E A D
6 TCU106 24.0855 120.549 HLBhEILE A A D
7 TCU108 24.0865 120.524 WACRE B A B A E
8 TCU111 24.1137 120.487 B A H A E
9 TCU112 24.0560 120424 HLHE TR ) A E
10 TCU115 23.9598 120.470 HABEHE A A E
11 TCU117 24.1330 120.460 A8 E ¥ A E
12 TCU118 24.0028 120.423 PR AR A A E
13 TCU120 23,9800 120.613 A F E | A A C
14 TCU129 23.8783 120.684 # 18 1 A D
15 TCU137 24.1852 120.922 & PHasE A B
16 TCU145 23.9418 120.337 HARMT R ) A E
17 CHY001 23.7060 120.240 ZHBETHE A E
18 CHY005 23.6128 120414 AR PR A E
19 CHY026 23.7988 120412 T bk B AR A B A E
20 CHY027 23.7523 120.247 EHBSFE ) A E
21 CHY029 23.6143 120.529 EHBASE A C
22 CHY030 23.6443 120.476 EHET BRI A E
23 CHY031 23.6592 120.342 ERMEER D A E
24 CHY036 23.6075 120.479 ERB=ZFoF ) A D
25 CHY076 23.6380 120.222 TR B A E
26 CHYO082 { 23.7247 120.299 ERBEER A E
27 CHY093 23.6525 120.148 Tahiz = & A E
28 CHY101 23.6862 120.562 EHBEARE A D
29 TCU050 24,1820 120.633 &+ H &L/ B D
30 TCUD52 24,1980 120.740 4 9 F R E R B C
31 TCU053 24.1940 120.669 &P TR B D
32 TCUO054 24.1615 120.675 L PHE =B B D
33 TCUO055 24.1397 120.664 EFPHEAR B D
34 TCU056 24.1592 120.624 Y THEAR] B D
35 TCUOQS7 24,1780 120.611 £ A B C
36 TCU059 24.2688 120.564 & FREKE A B D
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sk | RIS AR g2 K @ A 1L ht HZ | Geo
37 TCU060 24.2250 120.644 8 AR B D
38 TCU061 24,1363 120.549 BB H B D
39 TCUG6S 24.0590 120.691 SETPHEER B D
40 TCUQG7 24.0917 120.720 & BERE ) B D
41 TCUO72 240392 120.858 i % B ek B ) B D
42 TCUOT6 23.9078 120.676 B A Er 4= D B D
43 TCUO78 23,8123 120.846 B ER ) B b
44 TCUO79 23.8397 120.894 ) 4 8% SR A ] ) B D
45 TCUO0S2 24.1475 120.676 & ¥ 4 (TCU) B D
46 TCUO08Y 23.9037 120.857 A AE I Bk B B
47 TCU104 24.2097 120.602 & PR AHE B ¢
48 TCU105 24.2387 120.560 & FBRATHRE B C
49 TCU]13 23.8925 120.386 BB EEF ) B E
50 TCUI14 23.8787 120.515 AL AL B ) B E
51 TCUL16 23.8568 120.580 HiLBETE Y B E
52 TCU119 23.9240 120.312 PEBRFRET B E
53 TCUI121 23.8963 120.450 BB ER B E
54 TCUI122 23.8127 120.610 BAL8 =K E A B D
55 TCU123 24.0177 120.543 B E b B B D
56 TCU124 23.9145 120.682 Bt ikl TN B D
57 TCU125 23.9552 120.682 BB AER ) B D
58 TCU130 24.1450 121.265 BiEAR S RL B B
59 TCUL34 24.2602 120,651 & T EAY E A A B C
60 TCU138 23.9223 120.595 LM B D
61 TCU140 23.9575 120.359 H AL 3| B E
62 TCU141 23.8335 120.464 BB KER B E
63 TCU146 24.1617 120.484 % 1b 8k R ] B A B E
64 CHY003 23.7182 120.531 L H A B B D
65 CHY024 23.7577 120.607 EHRBHT A ) B D
66 CHY025 23.7800 120.514 TSR b B E
67 CHY028 23.6327 120.606 g NI e IS B D
68 CHY083 23.7240 120.578 E I E HE ] B D
69 CHY092 23,7920 120.478 EHh A E A B E
70 CHY094 23.7935 120.322 I FHE B E
71 CHY103 23.7003 120.532 ERBEOE D B D
72 CHY111 23.7917 120.227 TSR YR B E
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I | Bl # F & K i 13 AF 3§ Geo
73 TCU063 24.1085 120.616 &P g B R C D
74 TCU064 24.3460 120.610 5 FHRIERR ) C D
75 TCU0GS 24.2780 120.766 SV H%EHE C D
76 TCUO70 24.1955 120.547 &P RAERAR D C C
77 TCU074 23.9607 120.962 1% e o C D
78 TCUO75 23.9835 120.678 Lz S 0L RN C D
79 TCU084 23.8830 120.900 Hi% A AR C B
80 TCU086 23.8635 120.281 EABEHER D C E
81 TCU087 24.3482 120.773 HERELE C B
82 TCU100 24.1860 120.615 &P HAEE D C C
83 TCU101 242417 120.709 EYHERA T C D
84 TCU102 24.2492 120.721 LPRYREF C D
85 TCU103 24.3103 120.716 &EPHNHE D C C
86 TCU107 24,0728 120.539 AL B FFE C D
87 TCU109 24.0845 120.571 LA HE C D
88 TCU110 23.9617 120.570 A% EHE ] C E
89 TCU139 23.9217 120.540 B8 K 35 B /s C E
50 CHY002 23.7197 120.413. T bk B B4 B ) C E
91 CHY 004 23.6020 120.175 EHMTHE ) C E
92 CHY 080 23.5972 120.678 TR B C B
93 CHY104 23.6698 120.466 TGS LR C E
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REPORT ON TYPHOON PRAPIROON IN 2000

Hsin-Chin  Hsu

Weather Forecast Center , Central Weather Bureau

ABSTRACT

Typhoon Prapiroon(001i2) originated over the ocean east 1o Taiwan, and moved westwardly

toward the sea northeast to Taiwan.

Owing 1o the Fujiwara effect with Typhoon Mari1a{0013},

it shifted its track northwardly later and moved to East China Sea and Yellow Sea..
The observational data showed that the peak gust 37.2m/s occurred at Lan-yu during

the warning period.

area in northern vart of Taiwan

Although typhoon Prapiroon brought much rainfall over the mountain
, 1t caused small damages .

The 24 hr and 48 hr track forecast errors for this typhoon by Central Weather Bureau
were 192km and 392km, respectively. Meanwhile, the 24hr forecast errors of TES and EBM

model were 218km and 380km, respectively.

Keywords: Fujiwara effect
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B 1. 20004 8 A 26 H 1800UTC #if KEE
Fig 1 . The surface chart at 1800UTC August 26 of 2000.

B 2. 20004 8 F 28 H 0000UTC H R &=
Fig 2. The surface chart at 0000UTC August 28 of 2000.



3a. 20004F 8 A 28 H 0000UTC EFTHEREE
Fig 3a. The sea —level presure (hPa) chart at 0000UTC August 28 of 2000.

3b. 2000 £E 8 A 28 H 0000UTC 500 HiE & B HE
Fig 3b. The 500hPa height(M)chart at 0000UTC August 28 of 2000,
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Fig 4. The streamline analysis of mean flow (300/500/700 hPa) at 0000UTC August 28 of 2000.
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Fig 5. The GMS VIS image at 1100LST August 28 of 2000.
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Fig 6. The surface chart at 0000UTC August 29 of 2000.
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Fig 7. The streamiine analysis of mean flow (300/500/700 hPa) at 0000UTC August 29 of 2000.
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Fig 8. The GMS VIS image at 1400LST August 29 of 2000,
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Fig 9. The surface chart at 0000UTC August 30 of 2000.
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Fig 10. The best track of typhoon Prapiroon(0012).
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Fig 11. Time sequence of minimum pressure and maximum wind speed for typhoon

Prapiroon(0012).
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Fig 12 The gust wind at CWB station during typhoon Prapiroon’s passage .
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Fig 13 The accumulated precipitation at CWB station during typhoon Prapiroon’s passage .
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Fig.14 The distribution of accumulated rainfall in Taiwan arca during typhoon Prapiroon’s
passage.
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TFS TYPHOON TRACK FORECAST DATE {00/08/27/00Z-00/08/31/122)

B 15. TFS Bl T S TR H S L R R R PR LB IR
Fig. 15, The forecast of ¢ TFS modei and the best track of typhoon Prapiroon,
(082700LTC~083112UTC)

EBM TYPHOON TRACK FORECAST DATE (00,/08/27/00Z—00/08/31/127)

Bl 16. EBM B SRS B L ARG R R RS L st
Fig. 16, The forecast of EBM model and the best track of typhoon Prapiroon,
(082700L/TC~083112UTC)
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F | BT (Bihd) RERE - BEERCRSmERE
Table 1. The best-track positions, intensity and movement of typhoon PRAPIROON.

B | HLE LR BB T R R ATt L KR | SR
(Ute) | (B | (At | (DEG) | (km/hr) (m/s) (kem)
A H || ALAg ] 5 ey | WA CfRE AR
8(26,1820.51131.5] 992 | NNW 18 | 18 25 | 180
27/0021.7({130.3| 990 NW 18 20 28 | 250
06(22.4.1302( 990 | WNW 19 20 28 | 250
120223(1301] 990 | wNw 18 20 28 | 250
1822.9]128.9| 990 | WNW 18 20 28 | 250
28/00{23.1[128.1] 990 | WNW 18 20 28 | 250
06/23.0{1273] 985 | WNW 18 23 30 | 250
12/23.1(126.4] 985 | WNW 18 23 30 | 250
18(23.3]125.7) 980 | WNW 18 25 33 | 250
29/00(23.7{125.1| 980 NW 19 25 33 | 250
06/24.2(125.1] 975 NW 19 28 35 | 250
12[25.2{124.5| 975 NW 19 28 35 | 250
18]26.1]123.8] 970 | NNW 22 30 38 | 250
30{00/26.9(123.7) 970 N 22 30 38 | 250
06|28.4(123.5] 965 N 29 33 43 | 250
12{29.7123.2| 965 NNE 29 33 43 | 250 | 100
18/31.5|1233| 965 | NNE 29 33 43 | 250 | 100
31/00133.3123.6] 965 NNE 33 33 43 | 250 | 100
06(35.2(124.0f 965 NNE 36 33 43 | 250 | 100
12(37.3[125.1] 975 NE 36 30 38 | 250
18/39.2126.4{ 980 NE 40 27 35 | 200
9101[00|41.5{129.0] 990 NE 47 23 30 | 150
06|42.5(131.4] 990 ENE 47 22 30 | 150
12|143.7134.3] 992 ENE 47 18 25 | 150




® 2 ETIHEE (Elha) BREN SR —-ER
Table 2. Warnings issued by CWB for typhoon PRAPIROON.

—_— WKIF | FAEER e s
EEEARE =1 .= E e
V5. (12 1) 8 |27(20(45| GHAEET - FTALHT - LT e
¥9.E|12] 2| 8 (27)23(35| GBHLER - FALES - BRI e
¥E.112( 3 | 8 (28) 2 40| 4RAEER « AILAT - SRBETEE TR
W5 E[12] 4 | 8 28] 5 145| SEALER - HALHE - REAREE ey
iEE[12] 5 | 8 (2808145 | SHALET - FALHR - HETEE iy
#E(12] 6 | 8 281130 5#ALED - FALAR - HETIRIEE i
WiE(12] 7 |8 (28(14145| HEHLET - BUILED - EEERDEE B - S &b RESHE | EE
Wgle (12| 8 | 8 |28(17[25| GWILAT - FLILEE - AORTEOITE  |20E - ZIRB - &t - BKE - FTIRE| R
1EIE|12) 9 | 8128|2050 £#8ALET - BHK - MEWCLEREE  [BELUCR AR i
izl |12(10( 8 128/23 |30\ &@HLER - BEAD - MepdLiREE (IR R AR iy
(1211 8 |29)02|55| S#HLER - RED - BBCLEREE  |[MEIUILKERHE IR
fefE(12112] 8 (290535 HLAS - RAL - WBdLEREE  |EREIULR AR R
iz 12)13| 8 |29(05\25| 2 4LEE - BT - RBILAREE  |MRLULR ARHE iy
e (1214] 8 (29| 11140\ SRR - AR - @BHLIRERE  |BRLULREEHE Fifiey
i 12115) 8 (29(14/45\ SRR - BEED - BpdLEREE | ML a A e AR
HglE| 12|16 8 12911725 S ILHS - BEHE - dLEREE  [EELULRERHE lifjo3
WEEE( 1217 8 12912050\ & #ALER - IR - LI (R R RS Ccficy
| 12(18| 8 (29(23|30| S¥HLET - HAR - MEEEILINEH | HRMICREMHE fic
el | 12|19 8 1300240 H#ALET - BRALAR - depcd b m | i UL R A i3
| 121201 8 (30(05|35 | G#HEAT ~ SALER - Ve CERE | BRI LR ficy
#8 E(12(21) 8 |30/08140| 5#IEAR ~ HALARGE | s
¥ 1 [12(22| 8 130|11{30[ &5 ERHTE i
ARR(12(23] 8 130[14)20 e




# 3. ETIsE (Bhe) ROHMESRERFR
Table 3. The meteorological summary of CWB’s stations during the passage of typhoon PRAPIROON,

il SRR (hPa) W P A A LT () B AR (m/s) A B 7k B (mm) [ oK A8 B (m/s)

i BE BPRE (R | Erm | KR O[EGE) A B | /D P HIGE o i = it i =i
SR 988.9 30/03:30 | 25.1 | N 130/02:421 18.1 NNW 30/02:50 | 5.2 29/10:05 5.0 29/10:05 19.2 | 28/14:45~30/08:40
B 991.9 30/03:58 { 13.7 | NE [2%/11:23 | 6.8 NE 291130 | 161 29/05:50 4.0 29/06:17 553 | 28/14:40-30/07:30
EER 1344.5gpm | 30/02:19 | 249 [NNE| 29/18:53 | 14.8 N 29/18:52 | 21.5 29/17:37 11.0 29/17:59 2255 | 28/14:45~30/08:45
R 992.7 30/01:56 | 16.7 | SE ]28/19:21| 7.0 |NNE30/07:10| 30/07:16 | 20.5 29/17:54 10,5 29/18:11 140.0 | 28/14:25~30/08;40
=" 992.3 30/01:56 | 11.9 | N [30/07:35] 5.8 NW 30/07:36 [ 120 29/06:00 9.6 29/06:46 67.8 | 28/14:45-30/08:4C
T 994.5 29/15:01 | 14.5 | NE [28/16:01 | 8.1 N 29/20:56 | 11.0, 25/06:17 5.0 29/06:30 79.9 | 28/11:40~30/01:10
=i 993.4 29/16:13 | 174 |NNE | 28/19:47 [ 11.3 NNW 29/13:30 | 4.5 28/20:49 1.5 29/07:54 15.5 | 28/15:45~30/08:40
& 993.2 20/16:43 | 10.8 | ENE | 29/22:05} 5.2 NNE 28/16:30 | 34.0 30/00:37 11.0 29/22:09 108.6 | 28/16:48~30/09:00
HHA®E | 1363.5gpm | 29/17:52 | 7.4 |SSW |30/02:04 | 4.4 S 30/03:08 | 47 29/21:22 1.1 29/21:35 15.0 | 28/17:15~30/07:30
#i 995.4 29/15:34 | 16.1 | ENE | 29/17:06 | 8.5 N 259/15:38 T 30/06:05 T 30/06:05 T 30/06:45~30/06:30
BES 995.0 20/15:19 | 18.6 | NE |20/03:4313.4 N 29/06:30 1 05 29/01:10 0.5 29/01:10 0.5 | 29/01:10~29/01:2C
i AN 752.6 29/15:53 | 83 | NE |29/18:26 | 3.4 NNW 29/23:52 | 125 29/22:06 6.0 30/04:47 51.5 | 28/18:05~-30/08:30
B 3035.2gpm | 29/18:37 [ 12.6 | NE {29/19:501 9.7 w 20/19:58 | 19.0 20/20:13 7.3 29/20:41 55.0 | 29/10:10~30/08:15
2 993.2 29/15:50 | 10.0 | NE |29/16:43 | 6.1 N 29/15:421 3.5 30/03:20 2.0 30/05:21 10,5 | 28/22:10~30/08:20
& 993.7 29/15:30 | 11.5 [NNE | 28/18:26 | 6.8 N 28/18:26 | 2.8 30/03:10 2.0 30/03:28 3.7 | 28/22:30~-30/07:10
[t 994.0 29/15:15 | 11.3 1 NE [28/15:40( 6.3 NW 28/14:09 T 29/13:30 29/13:30 T 29/13:30~30/03:30
HEE =] 994.1 29/14:58 | 13.6 | NW | 28/14:57| 7.1 W 29/14:20 1.0 29/15.23 1.0 29/15:23 1.5 | 29/15:23~29/16:24
=1l 991.2 30/01:14 | 106 | N |30/02:31] 5.6 NNW 30/00:45 | 160 29/10:21 11.5 29/11:08 80.4 | 28/13:05~30/02:10
B 990.6 20/17:22 | 16.6 1 SE |28/13:18] 8.8 S 30/14:32 | 17.0 29/18:07 10.5 29/18:55 40.7 | 28/15:05~29/21:15
FinE 990.6 29/17:55 | 7.0 S |28/13:09] 54 S 28/13:04 0.5 28/17:05 0.5 28/17:05 1.0 | 28/14:55~30/25:05
T 990.8 29/19:55 | 72 | SW |28/17:30 | 4.8 S 28/1626 | 0.5 29/23:30 0.2 29/23:30 0.5 | 29/23:30~30/00:04
=i 990.8 29/16:07 | 7.3 { SW [28/13:00( 3.1 S - 28/12:51 T 29/21:42 T 29/12:42 T 29/21:42~25/21:50
[alls:] 990.2 29/16:24 | 372 | W [29/16:20( 23.9 W 29/16:35 - 0 - 0 -

o 991.2 29/14:56 | 11.2 | SW | 30/G5:18 | 5.6 SW 30/02:33 1.0 29/20:18 0.5 29/20:39 12 | 28/02:45~30/14:20

= x - FReuhEm Ll



7= 4. SDhmieE (0012) PESEEMPREREE R EISENRT

Table 4. Accumulated rainfall and gust wind at CWB stations during typhoon Prapiroon attacking Taiwan.

8 H 28 H00BFE 8 H 30 0 08 i L ATHN & i A EMET =

HAE

5t 2 2 I RIE HHE AR | BAR HiE IR

& (mm) (Kts) EES (AR | JE(Kts) e (H R

A LLE

WO I 22 34 8 3003 50 10 3003
EH e 56 27 6 2912
H g3l 81
= e 34 33 7 2814
B = 253 26 6 2015 50 10 2919
[T 147 33 7 2820
piY 7k 96 25 6 2817
=] 1k 72 22 6 2908
$ 7 81 29 7 2817
= th 108 22 6 2923
15 # 15 21 5 2917 35 8 2820
H H ® 56
X il 52 25 6 2920
1 N AN 47
= % 11
= B 4 23 6 2819
=1 HE T 23 6 2816
1E H 1
5% Ih 0.5
= 3 0
+: it ] 22 6 3003
1A F 2 27 6 2015
B i 0 47 9 2917 74 13 2917
& i 0 32 7 2918
H oY B 0.5 25 6 2907 37 3 2904




# 5. FRESKEEHEPLHEILARRE A RE A &

Table5. Center location and intensities of typhoon Prapiroon observed by the Satellite

Center of CWB.
pEEw| el awen £ (A B 2RSS | RESE | hosE| 0| EAERE | SHEAR M SRREE| EaE
0012 | EHé& | Prapiroon | 2000| 08} 24] 18| EmR | 1040 | 13400 [ Poor 100 100
0012 | Ertdr | Prapiroon | 2000] 08§ 25| 06 | IRERMIS 1340 | 13210 | Poor 1.50 150
o2 | EHA | Prapiroon | 2000} 08] 25| 12} ER/R 1460 | 13060 |  Poor 150 150
0012 | Bt | Prpioon]2000] 08[25] 18] ER/R 1460 | 12990 | Poor 150 1.50
0012 | E2ktér | Prapivoon | 2000 08§ 26| 00 [IRERAVIS 1420 | 13090 | Poor 1.50 150
o012 | Etté | Prapiroon | 2000} 08 | 26| 06 | IRERAVIS 1600 | 13150 |  Poor 1.50 150
0012 | Fb:4r | Prapivoon | 2000{ 08 [ 26{ 12] ERIR 1870 { 13200 |  Poar 200 - 200
0012 | FEbA | Prapiroon | 2000 08 {26] 18| ERR | memem | s | 13120 | Poor 200 200
0012 | By | Prapiroon | 2000} 08| 261 21} rraR | masmmem | 2080 | 13060 | Poor 2,00 2,00
0012 | (BEceyr { Prapiroon } 2000 08 [ 27] 00 {IRvERVIS] ®mibEm® | 2180 | 13030 | Poor 250 250
002 | Ettdr | Prapiroon | 2000 08| 27] 03 | RERAVIS| memay® | 200 | 12990 | Poor 250 250
o012 | Etté | Prapiroon | 2000] 08{ 27| 06 | RERVIS| mEEE AR | 230 | 12900 | Poor 250 250
0012 | B | Papioon | 2000 08] 27 { 09 [RERVIS| BiEEREB ]| 25 | 12020 | Poar 250 250
0012 | Ebb&r { Prapiroon | 2000| 08 [ 27] 12] mRR | sahmesm | 2 | 12020 | Poor 150 | 250 |wmrwes
o012 | BttA | Prapicoon | 2000] gl 2] 15] ERR | memem | ne | 1m0 | Poor 250 250 |wrEs
0012 | BHEA& | Pepimon | 2000} 08) 271 18] EIRAR | SEEWR | 20 123.90 Poor 2.50 250 |¥EEEH
0012 | Eitcér | Prapiroon | 2000| e8| 27] 21 ERR | omehmmm | 290 | 1840 | oo 250 250 s F@eE
o012 | @tk | Prapiroon | 2000] 08} 28| 00| ERRAIS| mihmamss | o2 | 12830 | Poor 250 250 | raeg
012 | FEHA | Prapioon ] 2000} 08} 28] 03| iRERVIS] ®abmem | 270 | 12780 | Poor 250 250 |mEms
o012 | F3ttdy | Prapioon | 2000] 08| 28} 0 |REIR/VIS] Wupmerm | 2s0 | 12750 | Poor 250 250 |¥.LEE
o012 | ®Biar | Prapiroon | 2000] 08§ 28] 09 | iRERAVIS] mitmemmy | ms0 | 12690 | Poor 250 250  |BergEsR
0012 | EEsw | Prapiroon 2000] 08 281 12{ EIRAR | BHZ®AE | 2280 126,40 Poor 100 300 | BE EWR
0012 | Fattdy | Prapiroon | 2000 o8| 28§ 15| mRAR | mabmem | 2280 | 12600 | Poor 100 100 |Be k|
0012 | Bk | Prapiroon | 2000| 08} 28| 18| ERIR | sanmam | 200 | 12570 Poor 100 300 [BE LN
0012 | Eitds | Prapion{ 2000{ 08| 281 21| mRAR | mupmmm b om0 | 12560 | Poor 3,50 350 | B bW
o012 | Bt | Prapiroon | 2000] 08 { 29| o0 | ivEIRAVIS] Mz | 240 | 12550 | poor 150 350 |t bgiE
0012 | B | Prapiroon | 20001 08| 20] 03 | imEmAvis| manmaers | 2380 | 12590 | poor 3.50 350 {88 b




0012 | Pk | Prapiroon [ 2000 08 29| 06 {IR/EIR/VIS| MENTAA [ 2440 | 12520 Poor 3.50 350  imE L
0012 | [Sktdr | Prapicoon | 20001 08| 29 09 { IREIR/VIS| SAABAFY | 2480 125.10 Poor 3.50 350 | BE LS
0012 | M | Prapircon 2000 | 08| 29 12]| EIR/R | WEyEHH | 2520 | 12460 Poor 3.50 350  |BEEE
0012 | B | Prapimon f 2000 08|29 18] ERAR | Weymwem | 600 | 12370 Poor 400 400 |HmEB®E
0012 | PB2H:Afr | Prapiroon [ 2000 08{ 20| 21| EIRR | Mi#EWE | %40 | 1370 Fair 400 400  |RELSEE
0012 | ELC#r | Prapiroon | 20001 08 | 30| 00 {IR/EIRAVIS| SRR | 2680 123.80 Fair 4,00 400 |
0012 | EEér | Prapirocn ] 2000] 08 ] 30§ 03 [ IR/EIR/VIS| WHEHE | 290 | 12370 Fair 400 400 | E%IE
0012 | PHAr | Prapiroon | 2000] 08 30} 06 | RERVIS| W | 30 | 12340 Fair 400 40 (S
012 | FBHgr | Prapiroon [ 2000] 02 { 30| 09 | IR/EIR/VIS| BE®E | 20 | 123220 Fair 400 400 | bsm
0012 | MEitér | Prapiroon | 200010830 121 ERAR | SHEBEHR | 2060 | 1232 Fair 400 400  |HLwsg
0012 | Bt | Papimonj 2000 08| 30{ 16| ERAR | MBS | 3050 | 1830 Fair 3.50 4,00

0012 | ESkkAr | Prapiroon | 2000| 08} 30| 18| ERAR { MHBWE | 3150 | 12320 |  Fair 3.50 4.00

0012 | Pibé | Prapirocn ] 2000{08[ 30l 21 ERAR | WpaEepE 1 3220 | 12350 Fair 3.50 400

0012 | EHfr | Prapiroon | 2000] 08| 31 } 00 [ IR/EIR/VIS | BB ER | 3290 | 12390 Fair 3.50 4.00

0012 | Ebhsy | Prapiroon | 2000 08 [ 31| 03 | IREIRVIS| ISEBAMERI [ 3400 | 12390 Fair 150 400

012 | Bcdy { Prapiroon{ 200§ 08| 31 ] 05 | IVBIR/VIS| WeiEER | 3520 | 12400 Fair 350 40

0012 | FEbdr | Prapiroon | 2000 | 08| 31} 09 | IREIR/VIS| Wdimipa | 3640 [ 12450 Fair 3.50 400

012 | ek | Prapiroon | 2000] 08131 { 12| ERAR | #Wdh®WR | 3710 | 12520 Fair 3.50 400

012 | B | Papimon ] 2000{ 08 31] 16] ERAR | WS | 3850 | 12670 Fair 3.50 4,00

012 | B | Pepioon ] 2000 08| 31§18| ERMR | WiEZHRE | 3910 | w0 Fair 350 400

012 | EHeA | Prpioon | 2000} 08]31[21] ERR | wasmewm | w60 | 12750 | Fer 350 400

00i2 | Pl ! Prapiroon § 2000t 09| 01 | 00 IR/EIR/VIS| MREST | 4130 | 12900 Fair 3.00 350

012 | Bk | Prapiroon | 2000 09| 01| 03 |IR/ER/VIS| RepTHR | 4180 | 13070 Fair 100 150

0012 | Bié& | Prapiroon | 20001 09 01 [ 06 |IRERVIS| SR | 4240 | 13200 Poor 300 3.50

0012 | PHedy | Prapiroon [ 2000 09| 01§ 09 [IR/EIR/VIS| SMAHTSR | 4320 [ 13310 | . Poor | 2.50 300

w12 | Eié | Pupimon)2oo0imion| 2] BRI | Wipmesw | 4370 1 13440 Poar 250 30

0012 | PHuér | Prapironf2000[ 00| 01| 18} EIRAR | #pmass | 4370 | 13580 Poor 2.50 300

012 | FEAr | Prpioon [ 2000 00f01|21] BRAR | Wiimm | 230 | w0 Poar 2.50 3.00

R: fIAMVRER . VIS WRXERE . EIR: f4HgammicEE

Poor: 23 KHF 60km , Fair: 3357 30~60km , Good: 3REETF 10~30km




6. Tuorlll SEERRe R ER S
Table 6. Center location of Typhoon PRAPIROON observed by Wu Fen San- Radar station

A den 3 =
BEAH | o MASE | e | g ) |
O | s | omge | (E)

FEEmBA R 082820Z 234 1254 280 15
0828217 235 125.3 280 15
0828227 23.7 125.2 320 15
0828237 23.8 125.0 300 20
0829002 238 125.0 320 15
0829017 235 125.1 300 20
0829027 235 125.3 20 20
0820037 24.0 125.1 ——— -—
0829047 24.1 1247 290 40
0829057 24.0 1245 240 23
0829067, 243 124.6 300 30
0829072 24.4 1244 300 30
0829087 24.5 124.8 3000 20
0829092 246 124.9 330 20
03829107 25.0 124.9 340 20
0829112 25.0 1247 285 18
0829127 25.1 124.6 328 16
0829137 253 124.5 360 14
0820147 254 124.3 320 16
0829157 25.8 124.6 340 20
0829167 26.1 124.3 320 40
0829177 26.2 124.0 290 34
0820187 26.3 123.7 277 27
0829197 26.3 123.5 292 27
0829207 264 1233 303 14
0829217 26.5 123.3 335 18
0829227 26.5 123.6 20 20
0829237 26.6 123.7 20 20
0830002 26.7 123.7 10 15
0830012 27.4 123.8 355 18
0830027 276 123.8 10 15
0830037 279 123.7 10 20

0830047 28.0 123.6 353 25 FINAL
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TF5S

EBH

HURA
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Table 7a. Error of selective track-forecast techniques for typhoon Prapiroon 24-hour mean error (km).

CWB: WREZEE PGTW: HE

RITD:HA BCGZ:EM

VHUH:7F8E RPMM:IERE

CLIP: §MFHEE » HURA: HeRUELLE: 0 TFSS: RERBEETEHRR : EBM: fE TEHEL

cLip
17 225
225 0
17 225 21
183 -42 192
3 274 3
109 -164 109
3 274 3
305 31 35
17 225 20
246 20 257
17 225 20
170 -85 1712
17 225 21
138 -87 150
8 262 8
350 87 350
& 246 6
329 83 329
4 225 S
140 -85 150

CHB

192
i68
-59

168
137

196
190
-18

192
-42

177
172

174
155

161
+11

TFss

108

305

225

270

164

251

109
108
196
109
116

109
161

24-HOUR MEAN FORECAST ERROR. (KM)

EBH

305

225

270

164

251

305
305
-73

us
-35

308
-140

170
8l

531
-446

HURA

20
257

19
le8

20

151

350

29

140

257
o

251
-83

257
-105

275
74

279
50

268
-127

PGTW RITD [I¥:¥
Mamea | x-axis
CASES ERROX
Y-axi8 ERROK
TECHN OUFERENC
Esor | ¥R 1
20 172
172 0
20 172 21 150
148 24 150 0
8 175 8 137 8 350
350 174 3s0 212 350 0
& 180 & 94 3 605
d29 229 329 235 470 -135
5 175 5 127 3 144
150 -25 150 22 159 14

VHHH

[
329

1
118

329
0

125
-7

RPHM

5
150

150
0
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Table 7b. Error of selective track-forecast techniques for typhoon Prapiroon 48-hour mean error (km).

CWB: hh&EskE PGTW: HEE RITD:H4A BCGZ:3H VHHH:ZE# RPMM:FEEZE
CLIP: @{7F5HT% 0 HURA: BEEIELLY: © TFSS: R EHsETHHE  EBM: fHE EBE:N

48-HOUR MEAN FORECAST ERROR (KM)

cLIP CNB TFSS EBM HURA PGTH RJTD BCGZ VHHH

cLlip 16 596
536 0

Chd 16 5%6 17 392
398 -138 392 0

TFSS 3 sa3 3 309 3 327
327 -205 327 18 327 0

EBH 3 533 3 309 3 327 3 585
585 51 585 275 585 257 585 0

HURA 16 595 16 398 3 327 3 585 16 557
S57 -38 557 159 340 12 340 -244 557 0

P&TH 16 59 17 332 3 327 3 585 16 557 17 344
337 -259 344 48 450 122 450 -13§8 337 -320 344 ¢

RJTD 16 596 17 392 3 327 3 585 16 557 17 344 17 2as
237 -359 235 -157 251 -75 251 -333 237 -320° 235 -109 235 0

BCGZ 8 700 8 a0l 1 368 1 320 8 655 8 366 -8 227 8 550
550 -150 550 148 225 -142 225 -94 550 -105 550 183 550 322 550 0

VHHH 6 733 6 477 0 o 0 0 6 638 6 292 6 253 3 990 6 722
T22 -11 722 244 é 0 o 0 722 83 722 429 722 468 T2 -218 722 0

RPHH 1 725 1 355 1 316 1 955 1 564 1 4a7 1 229 0 F (] 0

224 -501 224 -131 224 -S2 224 -731 224 -340 224 -262 224 -5 0 o 0

RPHH

1
224

224
0
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Wind Speed Forecasts over the Taiwan Area during the Invasion of
Typhoon by Using the Simple Statistical Method

Tien-Chiang Yeh, Shinn-Liang Shieh and Shih-Chi Wu

Central Weather Bureau

ABSTRACT

Typhoon is ene of the most important weather systems that influence Taiwan.  The main purpose of
this study is to evaluate the surface wind speed forecasts at Taipei, Tainan, and Hualien when a typhoon
nearby by using the Climatology Average Method, the Persistence Method, and the Deviation Persistence
Method (Yeh et al. 1999). 'The data used for evaluations are the hourly surface wind speed observations
of Taipei, Tainan, and Hualien for the typhoon center located inside the domain between 17°N to 30°N
and 117°E to 127°E, where the hourly typhoon center locations were interpolated from the 6-hourly best
track data of the Joint Typhoon Warning Center, USA.

Many properties of the typhoon wind speed forecasts by the simple statistical methods are similar to
those of the typhoon rainfall forecasts. For example, the wind speed forecast errors are larger for the
northward moving typhoons than for the westward moving typhoons. And, the Climatology Average
forecasts provide basic guidance for the time the larger wind speed maybe occurs. However, the average
field of wind speeds and the average field of rainfall are not resembled to each other. The strong winds
may not occur simultaneously with the heavy rainfall. The wind speeds persisted generally longer than
the rainfall. Our evaluations also show that for the wind speed forecast of time lag greater than 12 hours
the skill for distinguishing strong wind events from weak wind events is very low no matter which
' 'method has been used. But the forecast skilis can be improved for forecasting the maximum wind
speeds of a given time interval. For example, the correlation coefficients between the observations and
the 24-hour maximum wind speed forecasts of the modified Deviation Persistence Method are improved
to 0.56, 0.50 and 0.54, and the equitable threat score at threshold of wind speed scale-6/7 are 0.25/0.21,
0.16/0.16 and 0.26/0.19 for Taipei, Tainan and Hualian, respectively. For westward moving typhoons,
those values are even larger as correlation coefficients are 0.60, 0.54 and 0.58, and the ETS scores are
0.27/0.28, 0.23/0.22 and 0.30/0.22. It shows that the maximum wind speed forecasts of the modified
Deviation Persistence Method are useful information in operations.

Key words: Typhoon, wind speed forecast, statistical method.
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Figure 1. Distribution of the wind speeds at Taipei as function of typhoon center

location for (a) all, (b) westward moving, and (c) northward moving typhoons

near Taiwan. Contour intervals are 1m/s, the domain includes 118-1250E,

20-27°N.
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Figure 2. The scattering diagram of the wind ép'eeds at Taipei predicted by CLMN (vertical axis, m/s)
verse the observations. The values of the correlation coefficient (Rxy), the root mean square
error {(Rms, m/s) and the equitable threat scores with thresholds of wind scales 4, 6, 7, 8, 9, 10,

12 and 14 were also listed.
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Figure 3. Same as in Figure 1, except for the distribution of the wind speeds at Tainan.
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Figure 4. Same as in Figure 1, except for the distributions of the wind speeds at Haulian.
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Figure 5. Same as in Figure 1, except for the distributions of the maximum wind speeds within 6

hours at Taipei.
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Figure 6. Same as in Figure 2, except for the scattering diagram of the maximum wind speeds at
(a)Taipei, (b)Tainan, and (c}Haulian predicted by DP06 for cases of the westward moving

typhoons.
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Figure 7. The tracks and the center locations of the northward moving typhoons that the wind speed at
Taipei was larger than wind scale 6 (dots) and 7 (circles).
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TABLE 1. Root mean square errors (Rms, m/s), correlation coefficients (Rxy), and equitable thread
scores (ETS) of the wind speeds forecasts at Taipei by using CLMN, PERS, and DEPR

methods.
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CLMN| - 1.4312.79]| .00 .00(.49(3.03].01}.10].3712.20].00 | .00]"

24 1.15(3.52{.00(.00[.11]4.03[.01|.00[.23]| 2.6 |.00].00
18 |.1713.64| .00 | .00(.11]|4.21| .00 .00 .23 ]2.67| .00 | .00
12 {.29{3.52{ .07 .01 j.26 |4.04[ .07 | .01 [.26 |2.68| .06 [ .00
0 21 18 [2.27] .00 | .00
i 1.09 | .00
21 .00
.00
.00
.00
00
.00
.00

PERS

DEPR | ..

FT MR - (BRI EER G FRER -
TABLE 1. Same as in TABLE I, except for the wind speeds forecasts at Tainan.
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TABLE IlL. Same as in TABLE III, except for the wind speeds forecasts at Haulian.
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TABLE IV. Same as in TABLE I, except for the forecasts of the maximum wind speeds within 6, 12

and 24 hours at Taipei.
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TABLE V. Same as in TABLE IV, except for the maximum wind speeds forecasts at Tainan.
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TABLE VI. Same as in TABLE IV, except for the maximum wind speeds forecasts at Hualian.
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REPORT ON TYPHOON 0104(UTOR) OF 2001

Chiang, wei-min
Weather Forecast Center, Central Weather Bureau

ABSTRACT

Typhoon 0104(Utor), the 4th typhoon in the northwest Pacific Ocean; was the third one to affect
Taiwan in 2001. Forming over the sea east of the Philippine islands, Typhoon 0104 tracked
northwestward to westnorthwestward with the maximum speed of 33 km/hr. But it slowed down a liftle
bit and moved more westward while passing through the sea north of Luzon. Although the circulation
center did not landed, the radius of typhoon 0104 was up to 350km, therefore the edge of typhoon 0104
still affected southern part of Taiwan. Typhoon 6104 brought torrential rains in eastern part of Taiwan,
especially in the mountain area. The amount of precipitation was over 430mm, Reports. indicated one
people was killed and six wounded. Damage to agriculture was about US $2.5 million. The 24-hour mean

forecast error was 179 km.
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Fig. 1 : The best track of typhoon Utor (0104)
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Fig. 2b : The enhancement curve (BD) satellite imagery for typhoon Utor 00Z, 02 July 2001
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Fig. 3 : The ten-day (1-10, July, 2001) mean sea surface temperature (top) and anomalies

(bottom) over the Pacific area
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Fig. 8 : The hourly mean wind speed of stations 46692, 46759, 46735, 46777, 46748, 46741, 46744
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Fig. 9 : The total rainfall of all CWB’s weather stations during typhoon Utor (3-5, July, 2001)
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Fig. 10 : The accumulated rainfall over Taiwan area for the period of 00 LST 4, July to 17 LST 5, July
2001
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Table 1. The best-track positions, intensity and movement of typhoon Utor (0104)

IR P E | PORE | BRI | BEREE T ORRR | REEE
(UTC) (BE) (HwE) | (DEG) | (km/r) | H(m/s) (km)

H |B |& |[dt& =& iy W |GERE (AR
7|2 |00| 107 |[1373| 990 NW 28 18 | 25 | 250 -
061 113 |136.1| 988 NW 28 20 | 28 | 250 -

12| 124 [1351| 988 NW 28 23 | 28 | 250 -

18| 133 |1336| 985 NW 28 25 | 33 | 280 -

3 (00} 140 1318 0978 NW 30 28 | 35 } 300 -
06| 152 [1298| 975 NW 33 30 | 38 | 350 -

12| 160 |1280{ 970 NW 33 33 | 43 | 350 | 100

18] 172 |1260| 965 WNW 33 35 | 45 | 350 | 120

4 00| 185 [1243| 965 WNW | 33—29 | 35 | 45 | 350 | 120

06 | 190 }1225| 960 WNW | 33—29 | 38 | 48 | 350 | 120

12| 191 |1205| 960 WNW 30 38 | 48 | 350 | 120

18| 195 |11981 960 WNW 20 38 | 48 | 350 | 120

5|00| 204 |1186| 960 NW 20 38 | 48 | 350 | 120

06 | 209 |1175| 968 NW 22 33 | 43 | 350 | 120

12| 213 | 1167 968 WNW 22 33 | 43 | 300 | 100

15| 214 |1161| 968 WNW 22 33 | 43 | 300 | 100
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Table 2 ~ Warnings issued by CWB for typhoon Utor(0104)

Mo HF TARFE B fiEE
ARSI jic i 50
w4 | 173 ]|14]|45 | Etume - SEHEREE
412 | 713]17]40|B-Ligik - SEEBETIER
whE | 4| 3| 7|3 120|30 | Etlimlt - SR - ALK - 48 | EELE -BR AR -85 -8
RS - B RIEE - e
45| 7i3]|23|40] Etigek - SEEEY - FILHER - | HEES RS B 7EELR -
D - B EiER ExLiE - il
4157143 |00|R-bvme - SEEED - BIGEEE - | EERE - RE - FEELE -
SRR - Y EiEE SR - B
41674535 | Btie - SEHEEN - SR - | EEEE - HE - TR - 755D -
G - RS EHRLAR - B
417 17140835 Edimik - HEREEY - TIEEE - ESEE RS Bl - AR
: G - B RiEE - &M i - HrPLiE -~ B &M
al g | 7141140 Etime - SEEES - BIEMEE - [ESHER - S - - 8RR
Sl - W B - SFIEH B - SePLEE - B - &
419 | 7(414]10|Etughk - SEEET - FILIEE - |HEES - BE - 0 - SERE
ik - BB - SR B - SPLE - S £
4 (10] 7 |4 [17]|05; E-tigk - SEHEELE - RAMED - | EEEE K - Bk - SHEEE
LG - B RIE - SFEE B - APl - B P
4 (11 7| 4[20(45 | BB - HWERH - S8 - & | EEEE K8 Wil 5% -4
PR - R AESiiEE 7 - R - R - AP EE
% - SMIRIEH
4 (12| 7| 4|23 |40 | Lk - FOLBGE - GEiEE - £ | EEEE B8 P55
Fliem - SEHEETEE B - EHE - R - I - SR
. % - SRR
4 (137 ([5]2|s0|Btimes - HWERE - SR - & | HEYE - BRE WHE-5H -5
FiE - SEEEERE (REH) |- =i 528 59ER
- &M e
4 1147155 | 10lBtuget - Y EIEE - Ak ¢ | ER¥E -5 -WEl - 581 -5
Flgm - SEEFEREE (RBIEM) |59 /&l B - 59 EE
- # - SRt
4|15 7 (5] 8|35 | Btige  HDEER - SR - & [EEES RS B -5H -5
FIgM ~ SMEEENEE (REH) |55 BHE -3  59ER
- &Pt
4 [16] 7|51 |35 | Btk - HOEHERE « Sl - & | EEER - RE -HR -5 &
FligE - SEHAETED (BEH) (&5 FE -8 57ER
% - PRt
4 {177 |5 ]14]|40 | HEBiE - OLighk - S8 - | BHES - B -8 5% %
[ieki=pa] iR
Wk 4|18 75|17 10| EDEIEE - Bk - SRKK & -
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Table 3 - Center locations and intensities of typhoon Utor(0104)

p— T ‘

BATARA P 28 *é 7 || 6| o] e gﬁ :;z[é L T ﬁﬁﬁ; T L ;i’f: ;:ig
0104 o Utor 2001 (07102 00 |[IR/EIR/VIS|] CB (10.70] 137.30 Fair |2.50]2.50 |RFE 6
0104 pr Utor |2001 |07 (02103 [IR/EIR/VIS| CB 11090 136.70 Fair [2.50|2.50 |3 6
0104 s Utor |2001 1070206 |[IRVEIRSVIS| CB |11.20] 136.10 Fair |2.50}2.50 1586 6
o104 155 Utor 2001 (07302 |09 |IRVEIR/VIS|] CB [11.50] 135.60 Fair 2.50 250 | BB 6
0104 X Utor 2001107 (02112( EIR/JAR CB 1220| 135,00 Fair [2.502.50 |58 6
0104 4 Uter 2001:07(02]115( EIR/JIR CB (1270 134.40 Fair |3.00] 3.00 |3%= 6
0104 Tk Utor (2001 (070218 EIRAR CB (13.40f 133.70 Poar [ 3.00(3.00 [BE 6
0104 P Utor 200107102121 EIR/R CB i14.40| 131.00 Poor {3.00|3.00 (|38 6
0104 . Titor 2001 07|03 | 00 [IR/EIR/VIS| CB |14.00] 131.80 Poor |[3.30(3.50 |3E 6
0104 R Utor 12001 )07 03] 03 [IR/EIR/VIS] CB ]14.60] 131.00 Poor 13501350 (35 i)
0104 FA% Uter 2001107 (03|06 |IR/EIR/VIS| CB [15.20] 12970 Poor 13.50|3.50 |+p 6
0104 A5 Utor 2001 (070307 [IR/EIR/VIS| NNN [15.40] 129.50 .POOr 3.50 | 3.50 |#¥ 6
0i04 v Utor 2001 | 07| 03 | 08 (IR/EIRSVIS| WNN |15.60] 12930 Poor |3.50|3.50 |8 [
0104 ok Utor 2001 |07 (03|09 [IR/EIRSVIS| NN 115.70] 128.60 Poor | 4.0014.00 |Z%5E 6
0104 T Utor 2001 |07{03| 10 [IR/EIR/VIS| CB |15.90! 12840 Poor 14.00(4.00 [Z&E 6
0104 F5F Utor 200110710311 {IR/EIR/VIS] CB |15.90| 128.30 Poor [4.00|4.00 |%FE 6
0104 i Utor 2001107|03|12| EIR/IR CB [16.00| 128.00 Fair |4.00[4.00 | 3R ]
0104 P Utor 2000 |07 (03]13 EIR/IR CB 16300 127.80 Fair 14,00 | 4.00 |38 6
0104 i Utor 2001107103114 EIR/AR CB [16.60| 12730 Fair |4.00]4.00 |22 6
0104 5 Utor 2001107(03 15| EIR/JIR CB [16.90] 126.90 Fair |4.00[4.00 |38 6
0104 KiEf Utor 2001 (07]103] 16| EIR/JIR CB |t7.10] 126.30 Fair | 4.00 | 4.00 |48 6
0104 R Utor 2001107103717 EIRJAR CB |17.30] 126.00 Fair | 4.00 | 4.00 |8 [
04 KEF Utor | 2001{07{6318( EIR/IR CB (17304 125.60 Fair |4.00 | 4.00 (35 6
0104 K45 Utor 2001 (07]03]19( EIRJAR CE 1740 12550 Fair | 4.00|4.00 |8 6
0104 1 Utor 2001107103120 EIRJAR CB (17.60] 12540 Fair | 4.00 4.00 | Ry 6
0104 i Utor 20010710321 EIRAR CB [17.70] 125.30 Fair | 4.00)4.00 |F¢i8 6
0104 s Utor 2001 (07103122 EIR/IR CB |I8.10} 12520 Fair |4.00|4.00 |# 14
0104 KHF Utor 2001107103 |23 |IR/EIR/VIS| CB |18.20 124.80 Fair | 4.00 | 4.00 |#58 4]
0104 ] Utor 2001 | 07104 (01 |[IR/EIR/VIS| CB |18.70| 124.10 Fair ]4.00 | 4.00 | K8 [
0104 1 Utor 2001 [ 07 | 04 ] 02 |IR/EIR/VIS] CB (1880 123.70 Fair | 4.00 | 4.00 1558 6
0104 xﬁ Utor 2001107 |04 |03 |[IR/EIR/VIS| CB (1890| 123.40 Fair |4.00 | 4.00 |Fff 6
0104 AN Utor 2001 (07104 | 04 [IR/EIR/VIS| CB 118.90| 123.00 Fair }4.00 | 4.00 |58 6
0104 PR ' Utor 2001 | 07 | 04105 [IR/EIR/VIS] CB |1890| 122.80 Fair | 4.00 | 4.00 |34 6
0104 e Utor 2001 (07|04 | 06 [IR/EIR/VIS| CB |18.90] 122.50 Fair | 4.00 | 4.00 |34 6
0104 i Utor }2001 |07 (04 |07 |[IR/EIR/VIS| CB {1850 122.10 Fair | 4.00 | 4.00 |E8 6
0104 ik Utor 2001 {07 | 04 1 08 |IR/EIR/VIS) CB [19.00[ 121.60 Fair |4.00 | 4.00 |58 6
0104 i Utor 2001 (07104 |09 |[IR/EIR/VIS| CB |19.00] 121.40 Fair | 4.00 | 4.00 |55 6
0104 o Utor 2001|107 (04|10 EIR/JR | NNN 1900 121.10 Fair | 4.00 | 4.00 | K8 [}
0lo4 p Utor 20011070411 EIR/IR CB [19.00] 120.80 Fair [4.00 | 4.00 [{%# i)
0104 e Utor |2001(07.04]12| FIR/JIR CB (19.00] 120.60 Fair | 4.00 | 4.00 |$5i% 6
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Table 3 » continued

0104 | %% | Utor |2001]07]04[13| EIRAR | CB [19.06) 12030 | Fair |4.00(4.00 |5 6
0104 | %% | Uor |2001]07|04|14| EIRAR | CB [19.10] 12020 | Fair |4.00|4.00 [ 6
0104 | 8 | Utor ~|2001|07|04|15| EIRAR | CB [19.10] 120.10 | Fair |4.00|4.00 |5 6
0104 | %% | Uor |2001]|07|04[15| EIRAR | ¢B L1910 12010 | Fair |4.00]4.00 [f5E) 6
0104 | k#% | Utor |2001]|07104[16| EIRAR | CB (19.10) 12000 | Fair |4.00|4.00 8] 6
0104 | i | Uor |2000707|04|16| EIRAR | CB [19.10] 120.00 | Fair |4.00|4.00 |&5@&| 6
0104 | #fF | Utor |2001|07]|04[17| EIRAR | CB [19.10| 119.90 | Fair |4.00|4.00 |Rf| 6 |
0104 | #% | Utr [2001|07|04[18| EIRIR | CB /1930| 119.80 | Fair |4.00|4.00 35| 6 |
0104 | #%% | Utor |2001]07]04{19| EIRAR | CB [19.40| 11970 | Fair |4.00|4.00 |f5| 6
0104 | B8 | Utor |2008)07|04 (20| EIRAR | CB [19.60] 119.50 | Fair |4.00|4.00 |55 6
0104 | A% | Utor |2001]07|04|21| EIRAR | B |1990| 11930 | Fair |4.00|4.00 38| ¢
0104 | K% | Utor |2001)07|04)22| EIRAR | CB [2020] 119.00 | Fair |4.00)4.00 |58 6
0104 | =4 | Utor [2001|07]04]23| EIRAR | cB |2030] 11870 | Fair |4.00|4.00 |35 s
0104 | ka& | Utor |2001]07 (05|00 [IR/EIR/VIS| CB |2040[ 11850 | Good |4.00 |4.00 |i%@| o
o104 | ks | Uter 1200050705 o1 IREIRAVIS| CB 120500 11830 | Good [4.00|400 55| 6
0104 | 4% | Utor |2001|07 05|02 [IR/EIR/VIS| CB [20.70| 11820 | Fair |4.00 |4.00 (3| &
0104 | ®#% | Utor [2001]07 05|03 [IREIR/VIS| CB |20.80] 118.00 | Fair |4.00|4.00 |f:m| 6
0104 | #%% | uwr |2001 07|05 |04 IR/EIR/VIS| CB [20.80] 117.80 | Fair [4.00 |4.00 |#5@| 6
0104 | &8 | Utor |[2001[07]05|05[IR/EIRVIS| CB [20.80] 117.70 | Fair |4.00|4.00 i@ 6
0104 | i | Utor [2001]07|05|06 |[IR/EIRVIS| CB [20.80] 11730 | Fair |3.50 | 4.00 |E®| 6
0104 | £ | Utor [200107]05]07 IR/EIRVIS| CB [2090] 11720 | Fair |3.50 |4.00 55| 6
0104 | 2% | Utor [2001|07 05|08 IR/EIR/VIS| €B |21.00] 117.00 | Fair |3.50{4.00 558 6
0104 | % | Uor |[2001|07|05]|09 [IREIR/VIS| CB [21.10| 11670 | Feir |3.50 [4.00 @3] 6
0104 | ##& | utor [2001]07|05]10 IRZEIR/VIS| CB |21.10} 11650 | Fair |3.50 [4.00 |55 6
0104 | &% | Uter |2001]07]05[11| EIRIR | CB |21.10| 11650 | Fair |3.00]3.50 |3kg@| 6
0104 | &% | Uter [2001[07{05|12! EIRAR | CB [21.10| 11650 | Fair |3.00|3.50 |#88| ¢
0104 | &% | Uter |2001]07|05|13| EIRAR | CB |21.10| 11650 | Fair |3.00|3.50 |#E88| 6
0104 | &% ) Utor |2001[07|05014) EIRAR | CB [21.30] 116.50 | Fair |3.0073.5018] e
0104 | 8% | Uor |2001|07]05|15| EIRAR | CB [21.50| 11640 | Fair |3.00|3.50 |mZ@| ¢
0104 | 4% | Uter |2001|07|06|00 IRZEIR/VIS| CB [22.70| 11500 | Fair |2.50|2.50

owd | ka5 | uer [2001 |o7t0s] 03 livERvISt ©B [2330] 11400 | Fair |2.50]3.00

0104 | 4% | Uter [200t107 06|06 IR/EIR/VIS| CB [2330] 113.50 | Fair |2.50]3.00

0104 | k% | Utor |2001|07]06/|09 IRZEIR/VIS| CB [23.60] 112.80 | Fair |2.503.00

0104 { % | Uwor |2001[07]06|12] EIRAR | CB (2370 11220 | Fair |2.50 [3.00 (Fss@l 6
0104 | 4% | Utor }2001|07{06|15| EIRAR | CB |23.80| 111.50 | Fair |2.00|2.50 |%%| 6
0104 | #% | Utor |200107|06|18| EIRAR | CB [23.90] 111.00 | Poor |2.00|2.50 |#58| ¢
0104 | A8 | Uer |2001|07]06/21| EIR/R | €B |24.10| 110.50 | Poor {1.50|2.00 (| 6
0104 | ®#5 | Utor |2001 |07]07]00 IR/EIRVIS] B [24.20] 11030 | Poor | 150 2.00 |58 6
0104 | ®#% | Utor [2001]07]07|03 IREIR/VIS| cB [2420{ 109.80 | Poor |1.50|2.00 || s




* 4 DR C MRS ERRER
Table 4 ~ The meteorological summary of CWB’s stations during the passage of typhoon Utor (0104)

- e {ESEE (hPa) W e A A B (1 's) A ESE(ms) AR E(mm) B k¥ (mm)
bh Bl | B | BEE | EE | BEO| BE | B FER | —/ME | BEME | ToE | EHEE WE BFR4AIE

5 {Ei 996.1 050229 | 20.8 S 050917 | 215 ESE 05084 1.6 [051208-051308 1.4 051208-051218 1.6 032030-051710
HE 9939 | 050428 | 24.7 | SSE 050741 i1.4 | SSE 051313 14.5 1041934-042034 5.5 |041950-042000] 43.0 031400-051700
AR 1340.6 | 050321 | 31.7 SW 050915 | 16.7 S 051108 12.5 j040001-040101 8.0  {040003-0400i3] 38.5 032310-050910
il 993.7 | 050440 | 194 SW 041932 48 NE 040759 5.5 [040919-041019| 2.5  1040930-040940) 20.5 040030-050930
=2k 9919 | 050423 | 21.3 S 051105 9.2 SE 050922 7.0 1041312-041412) 3.5  1041400-041410 252 040440-051230
i 985.6 | 050338 | 223 E 041344 | 112 NE 040220 0.3 [041912-041930] 0.3 [041915-041930] 0.4 041440-041930
FE# 985.8 | 050340 | 179 E 041143 9.8 NE 040932 T  [041845-041905 T 041845-041955 T 041845-041505
& 985.8 | 050343 72 NE 041159 33 SW 051145 - — : —

HA#E 881.1 | 050347 [ 24.1 { SSE | 042317 [ [0.8 SE 042322 0.4 |050108-050208{ 04 [050110-050120] 0.9 041808-050745
el 987.1 | 050240 | 199 { SSW | 051513 ; 113 | SSE 051652 (.3 [051045-051055{ 0.3 |051045-051G55( 0.3 051045-051053
HEE 986.6 | 050226 | 22.7 NE 041320 3 167 | NNE | 041327 - — -

el EE 1 7493 | 050352 | 21.8 SE 042322 5.3 E 040532 3.0 ]050406-050506 1.0 [042208-042218] 25.0 041110-051330
E 2083.6 [ 050133 | 47.0 E 050204 § 22.2 E 050005 7.6 |05060E-050701( 2.8 [050630-050640| 109.5 040530-051800
B#E 986.7 | 050326 5.7 8 042220 |- 34 W 051528 T [040740-040745 T 040740-040745 T 040740-040745
= 986.7 | 050205 | 22.5 5 052107 | 14.1 SSE 052100 0.5 [|052240-052330( 0.5 [052306-052316] 0.5 041745-052330
EHE 987.2 | 050050 | 199 S 051441 9.3 SSE 051421 1.2 [050520-050620| 1.2 1050520-050530] 3.0 050110-051710
" 987.1 | 050140 | 304 E 042226 | 139 NE 041933 255 [042220-042320| 7.5 1042309-042319) 77.0 040630-051630
HIHE 994.6 | 050450 | 19.7 3 050257 9.7 ENE | 040934 14.0 [041306-041406] 9.0  |042211-042221] 68.5 032310-050850
o) 904.7 | 050436 | 253 SE 041820 | 11.5 S 042220 353 [041303-041403] 185 [041349-041359| 1158 032335-051530
63 993.6 | 050417 | 144 NE 041205 83 NNE | 041212 285 |042033-042153| 145 |042141-042151| 1650 040625-051720
J5raj 993.7 | 041626 | 206 NE 041133 | 10.6 N 040818 17.0 j041615-041715] 114 |041705-041715] 944 040600-051012
) 992.7 | 041607 | 193 E 041314 8.7 | NNE | 041127 44.0 1041618-041718| 14.0 |041627-041637[ 109.5 040700-052040
el 987.2 | 042338 | 44.7 NE 040246 | 34.5 NE 040345 55 1040444-040544| 4.0 [042202-042212] 245 | 040444042319
AE 990.1 | 041605 | 23.1 NE 041607 | 10.6 | NNE | 042356 250 1041537-041637[ 9.5 [041619-041629] 58.0 032030-051710




2 5~ SEIURREEVERIAM IR RS /S FTRIR(CWB) 24 /N TER AR 2=
Table 5 - 24-Hour Mean Forecast Error (KM} for Typhoon Utor(0104)

CLIP CWB TFSS EBM HURA PGTW RITD BCGZ
CLIP 13 179
179 0 A B
CWB 13179 151 179 C D

170 9 179 0
TFSS 6 216 7 24 7 161

EBM 6 216 7 214 T 18l 7 0225
237 20 225 11 225 64 225 0
HURA 13179 i3 170 6 a6 6 237 13 183

183 318 12 238 72 238 1 183 0
PGTW 13179 15 179 716l 7 223 13 183 15 112
"2 -6 1z -66 W9 51 169 -116 112 700 112 ¢
RJTD 13179 15 179 7 161 7 0225 13 183 15 112 15 201
166 12 20} 2 20 0N h 5 186 -6 2N 3 20 0
BCGZ~ 7 151 7 125 3174 3 233 7 140 7 87 7 138 7
144 -7 144 18 166 T 166 66 144 30 144 57 144 50 144
VHHH 6 155 6 120 3 146 3 281 6 137 6 75 6 103 4

118 .37 18 1] 35 181 -100 118 38 118 42 118 14 75

3% 6 - FEHNEHE BRI PR R RE S EH(CWB) 48 /N TEER (B R
Table 6 - 48-Hour Mean Forecast Error (KM) for Typhoon Utor(0104)

CLIP CwB TFSS EEM HURA PGTW RITD BCGZ
CLIP 9 275
275 0 A B
CwWB 9 275 11] 331 C D

298 22| 31 0
TFS$S 5 301 6 351 6 274
305 3oz 77T 2114 0
EBM 5 30 & 351 6 274 6 353
355 53 353 1 353 79 353 0
HURA 9 275 9 258 5 305 5 355 9 1216
216 -59 216 -8l 240 64 240 -1t4  2i6 0
PGTW 9 275 11 331 & 274 6 353 9 216 ir 20
201 -74 201 -120 185 -88 185 .168 201 -14 201 0
RITD 9 275 11 331 6 274 6 353 9 28 1t 201 11 340
202 i6 340 9 33 57 331 22 292 75 340 138 340 0
BCGZ 3179 3 264 2207 2 387 3 248 3187 3 329 3
240 61 240 24 237 29 237 -150 240 -7 240 53 240 BB 240
VHHH 2 205 2 253 2420 2 359 2 237 z It 2 207 0
lel .44 161 92 161 -259 161 -198 16t 75 161 50 161 -46 0 -

A PR X Y ST R A
166 -3¢ 161 53 161 0 B 257 X il AR 24 NGRS
CHR Y gl LBREITEZ 24 8
D #5R Y SIS L X R iR

A FEm XY BRI 208
B IR X B EF AR 48 /NRE(KM)
C AR Y B LTRMATHZ 48 NRZEEM)
D £ Y BlRERUTALL X SR R RO

VHHH

(KM)
(KM)

118

VHHH

118
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REPORT ON TYPHOON 0105 (TRAMI) OF 2001

Der-Song Chen
Meteorological Research and Development Center

Central Weather Bureau

ABSTRACT

Typhoon 0105 (TRAMI) was the fifth typhoon in 2001 over the northwestern Pacific Ocean, also the
forth typhoon that the Central Weather Bureau (CWB) issued warnings in the year. Typhoon 0105
(TRAMI) formed at 20.1°N, 123.6°E, 00UTC 10 July, and then moved northwestward toward
southwestern and southeastern Taiwan. At 0930UTC 11 July, typhoon TRAMI landed on Taitung county
of Taiwan and downgraded to a tropical depression soon after the landfall. Typhoon TRAMI brought
heavy rainfall in southwestern part of Taiwan especially at Kaohsiung which caused severe damage
losses. The 24hour track forecast errors of the CWRB TFS and EBM were 142km and 233km,
respectively. "The 24hour official track forecast errors of CWI were 98km.
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Fig.1. The 500 hPa geopotential height and wind vectors at 00UTC July 10 of 2001

(contour interval is 60gpm)
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Fig.2. The 700/500/300 hPa mean flow streamlines at 00UTC July 10 of 2001
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Fig.3. The 850/700/500 hPa mean flow streamlines at 00UTC July 10 of 2001
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Fig.4. The GMS visible images at 00UTC July 10 of typhoon TRAMI
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Fig.5. The 500 hPa geopotential height and wind vectors at 12UTC July 10 of 2001
{contour interval is 60gpm)

N
6~ 7 H 10 B 12UTC ;2 700/500/300 &1 a5 i @
Fig.6. The 700/500/300 hPa mean flow streamlines at 12UTC July 10 of 2001
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Fig.7. The 850/700/500 hPa mean flow streamlines at 12UTC July 10 of 2001
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Fig.8. The GMS IR images at 12UTC July 10 of typhoon TRAMI



. 00%,/2001=JUb=dL
. AOODPa ANALYSTS.,

. T e
] ” P el P -~
002 200i3vur-11" N i 3
500nPa ANALYSTS... |/ ; L{d

&9~ 7 H 11 H 00UTC ;2 500 HiHmEHRREE =2 HEE 60gpm)
Fig.9. The 500 hPa geopotential height and wind vectors at D0UTC July 11 of 2001 (contour
interval is 60gpm)
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Fig.10. The 700/500/300 hPa mean flow streamlines at 00UTC July 11 of 2001
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Fig.11. The 850/700/500 hPa mean flow streamlines at 00UTC July 11 of 2001
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Fig.12. The GMS visible images at 00UTC July 11 of typhoon TRAMI
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Fig.13. The 500 hPa geopotential height and wind vectors at 12UTC July 11 of 2001 (contour
interval is 60gpm)
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Fig.14. The 700/500/300 hPa mean flow streamlines at 12UTC July 11 of 2001
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TEN-DAY MERAN SER SURFRCE TEMPERATURE
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Fig.15. 1 to 10 July, 2001 ten-day mean sea surface temperature (°C)
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Fig.16. Time sequence of the minimurn pressure and the maximum wind speed of typhoon'TRAM'I
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Fig.17. The best track of typhoon TRAMI

TFS TYPHOOM TRACK FORECAST DATE (01/07/10/00Z—01/07/11/12%)
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Fig.18. The forecasts of TFS model(center of 850hpa) and the best track of typhoon TRAMI
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TFS TYPHOON TRACK FORECAST DATE (01,/07/10/00Z~01/07/11/122)
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Fig.19. The forecasts of TFS model(center of 500hpa) and the best track of typhoon TRAMI
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Fig.20. The forecasts of EBM model and the best track of typhoon TRAMI
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Fig2}. The accumulated rainfall{mm) over Taiwan area during typhoon TRAMI’s passage
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Table 1 « The best track center positions, intensity and movement of typhoon TRAMI

FEF FOTE PR | BEN T BEEREREE | O A R REAK
(UTC) (&) S (km/hr) (m/s) (km)
BB bR S | (ERD F55 R | EERR | TERE
7 [10[00]20.1 | 1236 | 998 | Nw 13-9 18 25 80
06206 123.1 | 998 | NW 10 18 25 80
12{21.2] 1225 | 998 | NW 10 18 25 80
1812151 1221 | 995 | Nw 10 18 25 - 80
11/00(21.9] 121.6 | 995 | Nw 10 20 25 80
06220 1212 995 | Nw 10 20 28 80
121225 1206 | 999 | Nw 10 15 23
18[23.0( 1200 | 999 | NW 10
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Table 2 ~ Warnings issued by CWB for typhoon TRAMI(0105)
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& 3~ RRE R R OB G BRI B 2R (Tram B8 L2 TE {7 B IR TR 2R
Table3 + Center location and intensity of typhoon TRAMI{0105) analyzed by Satellite Center of CWB

BEEURNE | AR | BOTEW Eid Hlga e | oEies | eesoy | duidenr | ochodey | sfiesenr | T | CIf0 | Zofy [ ShorAt | SHRCRORRRSRY | SHRiEM sk |
105 W% Teami 2000 |07} 10w |RERVIS| CoC 2020 123.40 Poor 200 | zo0 | as0 | s 6 P ﬁiﬁ%@
0105 e Trami 2001 | 07 [ 10 | 02 | IR/EIR/VIS cce 20,30 123.30 Peor 200 | 200 { 450 15 6 ¥R t@gﬁzﬁ?
0105 e Trami 2001 07 | 10 | 03 ] IR/EIR/VIS cce 20.30 123.30 Poor 200 | 200 | 450 Jhis 6 HEE
0105 WE Trami 2001 07 | 10 | 04 | IREIR/VIS cce 20.30 123.20 Poor 200 | 200 | 450 [EE.ce 6 -

0105 wx Trami 2001 07 | 10 | 05 | IR/EIR/VIS cce 20.40 123.20 Poor 200 | 200 | 450 15 [ itd -

0105 e Trami 2001 07 | 10 | os | RER/VIS cce 20.50 123.20 Poor 250 | 250 | 450 $ 6 s E

Q0105 5 Trami 2001 07 | 10} 07 | IREIRMVIS £ce 2870 12330 Poot 250 | 250 | 4s0 e [ iB.ENE

0165 e Trami 2001 | 07 [ 10 | 08 | IRFEIR/VIS cce 20.80 12320 Poor 250 [ 250 | 450 8 6. i B

0105 FLES Trami 2001 07-[ 10 | 08 | IREIR/VIS cce 20.80 123.20 Poor 250 | 250 | 450 BIE 3 iz I
0195 % Frami 2001 07 | 10 | 09 | IREEIR/VIS cce 20.80 123.00 Paor 250 | 250 | 450 Hid 3 i b en

0195 % Trami 200t | 07 | 10 | 09 | IR/EIR/VIS cce 20.80 123.00 Poor 250 | 250 | 4.0 e 6 il ok 2 i
0105 £ Trami 2001 07 [ 10 | 10 [ IR/EIR/VIS cee 20.80 122.30 Poor 250 | 2.50 | 450 BR 6 il 3 HE
0105 % Trami 2001 07 [0l n EIRAR cece 20.80 122.80 Poor 250 | 250 | 450 B [ R i
0105 e Trami 2001 o7 | 0| 12 EIR/IR cce 20 80 122.60 Poor 250 | 2350 | 450 58 6 BE % i
0103 i Trami 2001 07 [ 10|13 EIR/IR cece 20.80 122.60 Poor 250 | 2.50 | 4.50 F 5 [l fu
0105 e Trami 2001 07 | 10] 14 EIRIR cce 20,80 122.50 Poor 2.50 | 250 | 450 J5i 6 PR b3
0105 joE Trami 2001 07 | 190 | 15 EIR/IR. cce 20.30 122.50 Poor 250 | 250 | 420 M [ i B i
0105 [EES Trami 2001 07 | 10| 16 EIR/AR CcCC 20.90 122.40 Poor 250 | 2350 | 4.00 s 3 il 3] i
005 [ Trami 2001 07 [ 10 | 17 EIR/IR cCe 21.00 122.40 Poor 250 | 250 | 3.90 i 6 BE L3635 i3
0105 e Trami 200] 07 | 0 [ 17 EIR/IR, cce 21.00 122.40 Poor 250 | 250 | 3.90 i 6 b |24 &
G105 jiEd Trami 2001 07 | 10| 18 EIR/R cce 21,00 122.30 Poor 2.50 { 250 | 430 R 6 Bt - B4R i
0105 -6 Trami 2001 07 | 10 ] 19 EIR/IR cce 21.10 122.20 Poor 250 ] 250 | 450 f27 ] 6 ER -EE g
0105 [RES Trami 2000 | 07 | 10 2 EIR/IR, cce 21.20 122,10 Poor 250 | 2.50 | 4.50 Hes 6 B L I
0105 f=6) Trarmi 2001 07 |10 | 21 EIR/IR cCcC 21.40 122.10 Poor 250 | 250 | 450 foi ! 6 iR R 3
005 % Trami 2001 07 [ 10 | 22 EIR/IR cce 21.70 122.00 Poor 250 | 250 | 450 1HE 6 [Tl 1] F
6105 fed Trami 2001 07 | 1o | 23 [ JR/EIR/VIS She 22.60 122.20 Fair 250 | 250 | 4.50 : b E%#E &
0105 fLEd Trami 2001 07 ] 15 | 00 | IR/EIR/VIS cce 2190 121.70 Poor 2.50 | 250 [ 350 [Ei 6 [Fl 1] fE
0105 [EEd Trami 2000 [ 07 | 11 [ ot | RVEIR/VIS cce 21.90 121.50 Poor 250 § 2.50 | 3.50 ool 6 2l i3
0105 [EES Trami 2000 | 07 ) 11 { 02 | IREIR/VIS cce 22.00 121.40 Poor 250 [ 250 | 3.50 el 5 [Tl ] T
0105 [ Trami 2000 | 07 [ 11 | 03 | IRFEIR/VIS CcCC 22.10 121,30 Poor 250 | 250 | 350 P 6 B R EE b3
0105 e Trami 2000 | 07 [ 1 | o4 |IR/ERIVIS CcCC 22.10 121,30 Poor 250 [ 250 | 350 58 [ B REE &
0105 L Trami 2000 | 07 | 11 | o3 | IR/EIRAVIS cce 22.10 121.30 Poor 250 | 2350 | 3.50 [aicd 6 [Tl 1S i3
0105 [ Trami 2001 ) 07 | 14 | o6 | IRVETRVIS cCe 2220 121.20 Poor 2350 § 250 | 3.50 bz 6 B R i
0105 fr e Trami 2000 | o7 § 11 | o7 | IREIRAVIS cCce 22.20 121,20 Poor 250 } 2.50 | 3.50 54 [ [FR ] 5
0105 foES Trami 2000 | 07 | 11 | o8 |IR/EIR/VIS cce 22.30 121.20 Poor 250 [ 250 | 350 8 [ B 5% [
0105 [ ‘Tram 2000 | o7 | 11 | oz | IR/EIR/IVIS cce 22.30 £21.20 Poer 250 [ 250 | 350 e [3 b E%R i
01035 HE Trami 2000 | o7 | 11 | o3 | IR/EIR/VIS cCceC 22.30 121.20 Poor 250 | 250 [ 350 S 6 [T i
0105 T Trami 2000 {07 {11 ]| 0] ERIR cce 22.40 121.10 Poor 250 | 250 | 3.00 K 6 [l i faE
0105 3 Trami 2001 o7 [ 11 [ 1n EIR/IR cce 22.50 121.00 Poor 200 | 250 | 300 o] 6 B -4 8%
0105 e Trami 2001 07 { 11 ] 12 EIRAR cce 22.50 120.90 Poor 200 | 250 | 3.50 R 6 e
0105 #% Trami 2001 07 | 11 ] 15 EIR/IR, CDo 22.50 12040 Poor 200 [ 250 | 0.60 5 [3 4
0103 [ZES Trami 2000 | o7 |11 ] 18 EIR/R Cho 22.90 119.50 Peor 200 | 250 | 000 o] 6 =
0105 HE Trami 2000 | o7 [ 12 EIR/IR Ccho 22.90 119.00 Poor 2.00 [ 250 | ¢.o0 frr ] 6 %
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Table 4 ~ Center locations of typhoon TRAMI observed by 46779 radar stations

TR (3t FIRF) - S HEE Eipe
H | 5] Uk B o
7 10 8 20.1 123.6 BT (46779)

9 20.2 123.5 "
10 20.3 123.4 "
11 20.3 1234 "
12 204 1233 "
13 20.5 123.2 "
14 20.7 123.1 "
15 20.9 122.9 "
16 20.8 122.8 "
17 21.0 122.6 "
18 21.2 122.4 "
19 212 ' 1224 "
20 21.1 1224 "
21 21.2 122.3 "
22 213 122.3 "
. 23 21.3 1222 "
7 11 0 213 1222 "
1 214 122.2 "
2 21.5 122.0 "
3 21.6 121.9 "
4 21.8 121.7 "
3 21.9 121.6 "
6 219 121.6 "
7 21.9 121.5 "
8 21.9 1214 "
9 219 ‘ 1214 "
10 21.9 121.3 "
11 22.0 121.3 "
12 22.0 121.3 "
13 22.0 121.2 "
14 22.1 121.2 "
15 22.1 : i21.1 "
16 22.1 121.1 "
17 22.2 121.0 "
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Table 5 ~ Center locations of typhoon TRAMI observed by Hualien(46699)radar stations

Rt ) R e Rk

A H in U4 Je A5
7 11 3 21.6 122.06 1L (46699)

4 21.54 121.96 "

5 21.62 121.90 "

6 21.71 121.70 "

7 21.74 121.62 "

8 21.75 121.6 "

9 21.79 121.44 "

10 2181 121.33 "

11 21.84 121.30 "

12 21.92 121.24 "

13 - - "

14 22.1 121.53 "

15 - - "

= 6 - BRECEE(Trami) BB A EFRER - RARANERESREHE< 24 /MRS
TR RS IR B i EEe R
Table 6 - Errors of selected track forecast techniques at 24 hr for typhoon TRAMI(0105)

CLIP CWB TFSS EBM HURA PGTW RITD BCGZ VHHH
CLIP 2 103
103 0

CWB 2103 3 98
112 9 98 0
TESS 1111 2 92 2 257
248 137 257 164 257 ¢
EBM 1111 2 9 2 257 2233
235 124 233 140 233 -4 233 ¢
HURA 2103 2 12 1 248 1 235 T 120
120 16 120 7 146 -1 146 88 120 i}
PGTW 2103 3 98 2 257 2 233 2120 3 118
74 2% 118 20 118 -138 118 -114 74 -46 118 ¢
RITD 2103 3 98 2 257 2 23 2120 3 118 3 164
164 61 164 66 185 -T2 185 48 164 44 164 46 164 0
BCGZ 2103 3 98 2257 2 233 2 120 3118 3 164 3 9%
9% 7 % -1 100 -157 100 -133 9% 24 96 22 96 -68 96 [}
VHHH 2103 2 112 1 248 1 235 2 120 2 M 2 164 2 9% 2 135
135 3t 135 22 118 -129 118 -116 135 14 135 61 I35 29 135 38 135 0
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Table 7 ~ The meteorological elements summary of CWB stations during typhoon TRAMI’s passage

g KRR A BiEEE AT R AR B AR/ & (mm) ke
SR | WalE | BRRD | GRME | RRY | WM. FE O|RSE| Ben | S| BE | R | B | /DR |R5GIRT| Tord Rk | R FEIERF
®Ps) | ST | O @ST) |(%RW)| ASD) [(msy| () | ST ()| (B | (LST) (LST) (LST) (LST)

sk [10000{ 1117:05] 318 [1112:50] 73 [11712:18] 162 | 160 |11/19:50] 119 | 110 [11/18:13 | -

ke [1000.4[1116:51] 314 [11/12:44] 65 1020:46] 87 | 110 | 11/1628] 53 | 60 [11/15:39| -
mra 14212} 11717:08] 28.5 [1114:23] 78 [1020:38] 126 | 210 [ 11/17:14] 6.0 | 150 [11/18:54| -
i | 999.7 [11715:37] 304 [11/13:23] 68 [1113:23] 93 | 200 {11/12:19] 52 | 260 [11/12:21] -

&db 9991 [1116:28] 34.5 [114:05] 56 [11n6:32] 115 ] 150 [11n7:42] 65 | 90 [111747] -

givr | 998.4 | 111810] 33.6 10/12:39] 55 |1015:02] 87 | 80 Junzes] 52| 20 (11306 -

i | 999.4 [1117:01] 32.5 {11712:47] 70 [11/11:40] 9.4 | 360 [11/12:39] 67 § 10 [11/17:00] - -

S | 998.8 [11/16:21] 32.5 [11/10:508 60 [11/10:50] 7.8 | 40 [1m16s7) 3.7 1 10 [nes7]| 14 11920 05 {11952 L5 110/23:20-8121:00
BB | 8916 |11/16:19] 28.6 [11/12:45] 72 [10711:53] 57 | 300 [1018:31] 3.9 | 280 |10n18:44] 31 [10n1925] 26 1071929 39 [10/16:08-11/05:10
e 10005 11715:47] 341 [1112:07] 69 {1w12:00] 82 | 50 Liip042| 45 | 310 [1117:53] -
mER [1000.1[11716:47] 32.0 [111326] 76 [1111:56] 149 | 320 {11/20:54 ] 119 | 300 [1i21:00] 05 [1wovao| o5 [1wo130] 05 [11/01:30-11/02:12
eyl | 757.3 [11715:52] 17.5 |11/09:52] 90 |11/09:47] 7.4 | 150 [11/05:00] 34 | 70 [10/20:38] ---
Eilr [3098.7[11/15:58] 163 [1111:41] 60 [11711:33] 156 | 190 [11118:03] 93 | 60 [i1/02:38] -~

wE 9989 [1116:36] 324 [11712:23] 66 [11711:39] 7.8 | 330 | 1111655 4.5 | 310 [11/17:00] 05 | 112025 05 | 1120:25| 05 11/20:25

& 999.1 | 11/16:25] 33.4 [10712:44] 66 t10/12:30( 159 | 140 [1121:15] 82 [ 110 [12n19] 310 (112050 90 {12101 775 [10/16:35-1124:00
=it | 9989 111631 325 [10n2:17] 67 [10n12:57] 200 | 250 f11/22:48] 98 | 190 [1123:06] 1210 [ 11/21:47 | 270 [ 11721558 | 4705 |11/04:35-1124:00
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REPORT ON TYPHOON 0119 (LEKIMA) OF 2001

Chiang, Wei-min

Weather Forecast Center, Central Weather Bureau

ABSTRACT

Typhoon 0119 (LEKIMA), the 19" typhoon over the northwest Pacific Ocean, was the eighth one to
affect Taiwan in 2001. Forming over the sea northeast of the Philippine Islands, Typhoon 0119 tracked
westward slowly. Prior to moving toward the southeast part of Taiwan, it showed quasi-stationary and
looping, The center of Typhoon 0119 touched down southeast coast of Taiwan at 1830 local time, 26"
September 2001 and downgraded to a tropical depression off the west coast of Taichun at 0800 local time,
28™ September 2001. The lifetime of typhoon 0119 was about 132 hrs and the warning period of CWB
was 108 hrs. Due to combination of the typhoon circulation and northeast monsoon, typhoon 0115
bi-ought torrential rains in north, northeast and east part of Taiwan, especially in the mountain area. The
amount of precipitation exceeded 1400mm. The 24-ﬁour mean forecast error of the Central Weather

Bureay for typhoon 0119 was 85 km, while 48-hour mean error was 131 km.
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Table 1 ~ The best-track positions, intensity and movement of typhoon LEKIMA (0119}

mE | PR | PORE | BETR BRI | AhORRRE | REER
(UTC) () (5 | (DEG) | (kmhy) {m/s) (k)
A | H || SRR g | R | EAUE AR
9 22]12]19.3[124.1| 998 W 5 18 25 100 -
1801941241 998 | Str—W 5 18 25 100 -
23]100[19.7] 1234 | 998 W 5 18 25 100 —
06119.1]1224 | 995 |[W—-WNW| 3 20 28 150 -
12119.2]122.1| 985 WNW 5 25 33 180 -
18(19.3 1219 985 | WNW— 5 25 33 180 -
NW
24100[19.6] 121.7 | 982 NW 5 28 35 180 —
06119.8| 121.5 | 975 NW 5 30 38 180 | 50
12119.8] 1219 | 970 NW 5 33 43 180 50
18]20.0] 1220 | 970 NW 5 33 43 180 50
25100{20311220| 970 NW 5 33 43 180 50
06(20.8) 1220 | 965 | NNW— | SLW 35 45 180 50
NW
12]21.0[ 1218 | 965 NW 5 35 45 180 50
18121.2[ 1216 | 965 NW 5 35 45 180 50
26(00(21.4] 1215 | 965 NW 5 35 45 180 50
06|22.2| 1212 | 965 NW 7 35 45 180 50
121228] 1209 ) 965 NW 7 33 43 180 50
18[23.2] 1206} 980 NW 7 28 35 150 —
27(00f23.4] 1204 | 985 NW 7 25 33 150 —
06123.7{ 12021 990 NW— 5 23 30 150 -
NNW
12[23.97120.1 | 990 NNW 4 23 28 150 —
18123.9] 1201 | 996 Star - 18 25 120 -
28{00/24.0{ 1200 | 998 — — W
D
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Table 2 ~ Warnings issued by CWB for typhoon LEKIMA (0119)
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Table 3. Center location and intensities of typhoon LEKIMA (0119)

T EXE B Rl SEfiz#E TP | SR
FaRiRSE | o478 - £ |R|B || ZEEE - PR P T |CI{E T
0119 | FIaiE | Lekima | 2001 {09 |22 [ 00 [IR/EIR/VIS| CB [19.70| 123.40 | Poor |2.50|2.50 || 6
0119 | FISE | Lekima | 2001 |00 |22 o3 [irmirvis! cB [1930] 12250 | poor [250 250 ssem| s
0119 | FI#FE | Lekima | 2001 (09 |22] 06 [IR/EIR/VIS| CB [19.10] 122.40 | Poor |3.003.00 |%E| 6
0119 | #[ZE | Lekima [2001|09|22 |09 |IRZEIR/VIS! CB [19.30| 12220 | Poor |3.00|3.00|3¥E| 6
0119 | FIZE | Lekima 2001 [09|22[12| EIRAR | CB (19.10| 12390 | Poor |2.50|2.50 |3 6
0119 | FIZFE | Lekima [2001109(22)18] EBIRAR | CB [19.30) 12340 | Peor |2.50)2.50 |¥u@| 6
0119 | FJZFE | Lekima [2001{09|22121| EIR/R | CB [19.50] 123.00 | Poor |2.50|2.50 |§5&| 6
0119 | FUZE | Lekima |2001]09(23{11| EIRIR | CB (1930 12200 | Fair |3.00|2.50 |se| 6
0119 | F2FFE | Lekima | 2001 |09 (23| 12| EIRAR | CB {1930 12200 | Fair [3.50 350 |3 & 6
0119 | #IZ5 | Lekima } 2001 |09(23)13] EIRAR | EYE |1930] 12200 | Fair |3.50 1350 |%8| 6
0119 | FI2mE | Lekima (2001 09|23 |16| EIRIR | CB [1960] 12190 | Fair |3.50|3.50 |Z@@| 6
0119 | FIZFE | Lekima |2001}09(23117| EIRAR | CB [19.60| 12190 | Poor [3.50 350 |%E| 6
0119 | $J255E | Lekima [2001|09)23{18| EIRAR | CB [19.60| 121,90 | Poor [3.50 [3.50 |&| ¢
0119 | FIZFE | Lekima [2001]09{23)19] EIRJAR | CB |19.60] 12190 | Poor |3.50 |3.50 |Ri@| 6
0119 | 1258 | Lekima | 2001 (09|23 20| EIR/JR | CB [19.70] 121.90 | Poor |3.50|3.50 |5ei®| 6
0119 | FIZFE | Lekima | 2001 (09|23 |21 | EIRAR | CB [19.70| 121.90 | Poor |3.50 |3.50 |#p@| 6
0119 | FIZFE | Lekima [2001{09(23]22| EIRAR | CB |19.70| 121.90 | Poor |3.50|3.50 |¥s| 6
0119 | FIBFE | Lekima | 2001 109123 ] 23 NR/EIR/VIS] CB |19.70] 121.80 | Poor [3.50|3.50 |8 ¢
0119 | FZFE | Lekima | 2001 [ 09§24 | 00 [IR/EIR/VIS| CB |19.80] 121,70 | Fair {3.50|3.50 || ¢
0119 | FIZFE | Lekima | 2001 | 09|24 |01 [IR/EIR/VIS| CB [19.80| 121.60 | Fair |3.50 |3.50 [#58| 6
0119 | FIZE | Lekima [ 2001 | 09|24 |02 [IR/EIR/VIS| CB [19.80| 121.50 | Fair |3.50 |3.50 [{%®| ¢
0119 | FUZFE | Lekima | 20010924103 IR/EIR/VIS] CB [19.80] 121.50 | Fair |3.50}3.50 |[#58) 6
0119 | FIZFE | Lekima | 2001 | 09|24 |04 |IR/EIR/VIS| CB |19.80) 121.50 { Fair |[3.50|3.50 &8 6
0119 | FIZFE | Lekima | 2001 |09]24 |05 [IR/EIR/VIS| CB [19.80| 121.50 | Fair |3.50 |3.50 [f:@| ¢
0119 | 258 | Lekima | 2001 [ 09|24 | 06 |IR/EIR/VIS| CB |19.80| 12140 | Good |4.00]4.00 |56 6
0119 | FIZFE | Lekima | 2001 | 0924107 [IR/EIR/VIS| CB }19.80] 121.40 | Good | 4.00)4.00 |%R&] 6
0119 | [ & | Lekima | 2001 |09 |24 |08 |IR/EIR/VIS| CB |19.80] 131.40 | Good |4.00 | 4.00 || 6
0119 | #IZE | Lekima | 2001 |09} 24 |09 |IR/EIR/VIS| CB |19.70[ 121.50 | Good |4.00 |4.00 || 6
0119 | FIZFE | Lekima | 2001 09|24 |10 [IR/EIR/VIS| CB [19.70| 121.50 | Good |4.00F4.00 2R &
0119 | FIZE | Lekima 12001 {0924 | 11 JIRVEIR/VIS| CB }19.80] 121.60 | Good |4.00|4.00 |2 6
0119 | FYZFE | Lekima {2001 {09 (24|12 EIRJAR | CB [19.90| 121.70 | Fair |4.00|4.00 [#:8| 6
0119 | $IZFE | Lekima [2001[09|24[13| EIRAR | CB |20.10] 121.80 [ Fair |4.00|4.00 |&:&| 6
0119 | FIZTE | Lekima [ 2001 |09{24|16| EIRJAR | CB |2030| 121.80 | Fair |4.00|4.00 |F:&t 6
D119 | FIZFE | Lekima | 2001 [09]24|17] EIRAR | CB [2030| 121.80 | Fair |4.00|4.00 |Kis] 6
0119 | FIZFE | Lekima ;2001 |09 |24 18] EIRAR | CB [20.30| 121.80 | Fair |[4.00|4.00 (Fs#| 6
0119 | FZFE | Lekima | 2001 {09|24(19| EIRAR | CB [2030| 121.80 | Fair |4.00|4.00 || o6
0119 | 25 | Lekimd | 2001 [09(24|20| EIRAR | CB [20.30] 12190 | Fair |4.00]4.00 |35 6
0119 | FIZE | Lekima |2001|09]24|21| EIRAR | CB |20.40| 12150 | Fair |4.00|4.00 558 6
0119 | FIZEE | Lekima [2001|09|24 (22! EIRAR | CB {2040| 12190 | Fair |4.00|4.00 [#5@8| 6
0119 | FIZFE | Lekima {2001 |09 |24|23| EIRAR | CB [2050| 12190 | Fair |450{4.50|28( &
0119 | FIZFE | Lekima | 2001 |09 |25 |00 |IR/EIR/VIS| CB [20.50| 12190 | Fair |4.50|4.50 6
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Table 3 ~ Continued

0119 | #IZHE | Lekima | 2001 |09 25|02 |IR/EIR/VIS| CB |20.500 12190 | Fair |4.504.50 |[B2E| 6
0119 | #IZTE | Lekima | 2001{09|25|03 |IR/EIR/VIS| CB [20.60| 121.90 | Fair |4.50|4.50 |[55%| 6
0119 | #IZFE | Lekima | 2001 | 09125 | 04 |IR/EIR/VIS| CB {20.60| 12190 | Fair }4.50 | 4.50 |$&| 6
0119 | FIZFE | Lekima | 2001 |09]25 |05 |IR/EIR/VIS| CB |20.70| 121.90 | Fair |4.50 | 4.50 |i%#| 6
0119 | FUZFE | Lekima | 2001 |09 |25| 06 |[IR/EIR/VIS| CB [20.70| 121.90 | Fair |4.50|4.50 |Kp58| 6
0119 | FUZE | Lekima [ 2001 |09 [25]07 [IR/EIR/VIS] CB 2090 121,90 | Fair |[4.50|4.50 |48 6
0119 | #ZFE | Lekima |2001 |09 |25| 08 |IR/EIR/VIS| CB |20.90| 121.90 | Fair |4.50|4.50 |§58 6
0119 | FIZFE | Lekima | 2001409 (25|09 |IR/EIR/VIS| CB |21.00{ 121.90 | Fair |4.50|4.50 B 6
0119 | FUZFE | Lekima [ 2001 |09{25| 10 IR/EIR/VIS| CB [21.00| 121.90 | Fair |4.50|4.50 B 6
0119 | FIZE | Lekima | 2001 |09 {25 |11 [IRZEIR/VIS| CB 121.10| 12170 | Fair |4.50| 4.50 |#5] 6
0119 | FIZFE | Lekima |2001 [09]25]12| EIRJAR | CB |21.10| 121.60 | Fair |450[4.50 [#8] 6
0119 | FIZFE | Lekima | 2001 |09[25]13| FIRAR § CB |21.10| 121.60 | Fair |4.5014.50 B8] 6
0119 | FIZFE | Lekima |2001[09|25(16| EIRJAR | CB |21.30[ 12160 | Fair |4.50]|4.50 [#| 6
0119 | FIFE | Lekima [2001109|25|17| EIRAR | CB |21.30| 12160 [ Fair |4.50 |4.50 &5 6
0119 | FZFE | Lekima 2001 |09}25|18] EIRAR | CB [21.30] 121.60 | Fair |4.50 |4.50 558 6
0119 | FIZFE | Lekima {2001 |09{25|19| EIRJAR | CB {2140 121.50 | Fair |4.50 |4.30 55| 6
0119 | FIZ5E | Lekima [2001 |09 (25|20 EIRAR | CB [21.40| 121.50 | Fair | 4.50 |4.50 [ $5&8| 6
0119 | FIZFE | Lekima [2001|09(25(21| EIRAR | CB [21.50| 12140 | Fair |4.50|4.50 |#48| 6
0119 | FIZFE | Lekima (2001 (09 (25|22| EIRAR | CB |21.60| 12130 | Fair |4.50 | 4.50 |[f48| 6
0119 | FZFE | Lekima |2001 109 (25|23 |IRZEIR/VIS| CB [21.60] 12120 | Fair |4.50[4.50 [Fri&| 6
0119 | FZFE | Lekima | 2001 |09 |26 | 00 IR/EIR/VIS| CB [21.60] 121.20 | Fair [4.50 |4.50 [{5| 6
0119 | FUZFE | Lekima | 2001 [09]26 |01 |IR/EIR/VIS| CB |21.60) 121.20 | Fair [4.50)4.50 #5816
0119 | FUZFE | Lekima | 2001 | 09|26} 02 IR/EIR/VIS| CB {21.70] 121.20 | Fair 14.50|4.50 #5816
0119 | FIZFE | Lekima | 2001 |09|26]03 |IR/EIR/VIS| CB |21.80| 121.20 | Fair 14.50{4.50 |58 6
0119 | FUZE | Lekima | 2001|090 |26] 04 IRER/VIS] CB [21.90] 12120 | Fair |a.50]4.50 |3] 6
0119 | FIZFE | Lekima | 2001 |09|26 |05 IR/EIR/VIS| CB |22.10] 121.20 | Fair |4.50 [4.50 |&8] 6
0119 | FIZFE | Lekima | 2001 |09]26 |06 [IR/ZEIR/VIS| CB (2220 121.00 | Fair |4.50|4.50 & 6
0119 | FIZFE | Lekima {2001 |09 26| 07 |IR/EIR/VIS| CB (2230 12090 { Fair |4.50|4.50 [&i@| 6
0119 | $I755E | Lekima | 2001 | 09|26 | 08 IR/EIR/VIS| CB |2240] 12090 | Fair [4.50 | 450 55| 6
0119 | FIZFE | Lekima [ 2001 |09 [26 |09 [IR/EIR/VIS| CB [22.60| 121.00 | Fair |4.50|4.50 i8] 6
0119 | #IZFE | Lekima | 200109 |26 |10 [IR/EIR/VIS| CB [22.60| 121,00 | Fair |4.00|4.50 || 6
0119 | FI2FE& | Lekima |2001]09]26|11| EiRAR | CB [22.70| 121.00 | Fair [4.00[4.50 || 6
0119 | FIZFE | Lekima [2001|09]26|12{ EIRAR | CB (22.80] 120.90 | Fair [4.0014.50 || 6
0119 | FIZFE | Lekima 2001 [09]26|13| FIRAR | CB |22.90| 120.80 | Fair [4.0014.50 [{58| 6
0119 | FIZEE | Lekima |2001]09]|26}16| EIRAR | CB |23.00] 120.60 | Poor |[3.5014.00 |55 6
0115 | FIZ$E | Lekima [2001]|09]|26|17| EIRJAR | CB [23.10| 120.50 | Poor |[3.00]3.50 |58 6
0119 | FZE | Lekima |2001]09[26|18| EIRJAR | CB |23.20| 12030 | Poor |[3.00|3.50 |38 6
0119 | #IZFE | Lekima [2001]|09}26[19| EIRAR | CB |23.30| 12030 | Poor [3.00|3.50 |59 6
0119 %lj’n%‘]:% Lekima | 2001 (091{26|20] EIR/JR | CB [23.40| 120.30 | Poor |3.00|3.50 58| 6
0119 | #[ZE | Lekima | 2001 |09(26|21| EIRAR | CB [23.40| 12030 | Poor [3.00|3.50 58| 6
0119 | FIZFE | Lekima |2001}09]|26(|22| EIRIR | CB |23.40| 12030 | Poor ]3.00|3.50 8| 6
0119 | FZFE | Lekima [2001109|26]23| EIRMR | CB |23.50| 12030 | Poor |3.00|3.50 [#iF| 6
0119 | FIZFE | Lekima | 2001 {09]27 | oo [iR/EIRVIS| cB [23.50! 12020 | Poor [3.00(3.50 |s@| 6
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Table 3 ~ Continued

0119 | FZFE | Lekima | 2001 ;09|27 |01 [IR/EIR/VIS| CB |23.50| 12020 | Poor |3.00|3.50 |&58| 6
0119 | 2 | Lekima | 2001 | 09|27 |02 IRZEIR/VIS| CB [23.50| 12020 ; Poor |3.00|3.50 || 6
0119 | #|ZE | Lekima | 2001 |09 | 27103 |IREIR/VIS| CB |23.60] 12020 | Poor |3.00|3.50 |&%@| o
0119 | FIZFE | Lekima | 2000 {09 |27 |04 |IR/EIR/VIS] CB |23.60| 12020 | Poor |3.00|3.50 [#H&| 6
0119 | FIZFE | Lekima | 2001 | 0927105 |IR/EIR/VIS| CB [23.70f 12020 | Poor |3.00|3.50 |58 6
‘0119 | FIZFE | Lekima | 2001109 (27|06 IR/EIR/VIS| CB [23.70| 12020 | Poor |2.50|3.00 |%38| 6
0119 | FIZFE | Lekima ) 2001)09|27]07 |IR/EIR/VIS| CB 123.70] 12020 | Poor |2.50]3.00 |38 6
0119 | 129 | Lekima | 2001 |09 |27 08 [IR/EIR/VIS| CB |23.70| 12020 | Poor |2.50 |3.00 |ik&| 6
0119 | FIZE | Lekima | 20010927 |09 |IR/EIR/VIS| CB 123.80| 12020 | Poor |2.50|3.00 |iK5%| 6
0119 | FIFTE Lekimaj 2001 09|27 10 IR/EIR/VIS| CB [23.80] 12020 | Poor [2.50(3.00 |53 6
0119 | #[ZE | Lekima | 2001]09{27| 11 [IR/EIR/VIS| CB [23.80] 120.20 | Poor |2.50]3.00 |88 6
0119 | FIBFE | Lekima {2001 |09(27/12| EIR/IR | CB [23.80] 12020 | Poor |2.50]3.00 [5@| 6
0119 | FIZFE | Lekima | 2001]09]27]|13| EIRAR | CB [23.80] 12020 | Poor |2.50|3.00 |#%5&| 6
0119 | #IZFE | Lekima ! 2001 |09|27/16]| EIRAR | CB [23.80] 12020 | Poor |[2.50|3.00 |#iE| 6
0119 | & | Lekima | 2001 |09]27]17| EIRAR | CB |23.70| 12030 | Poor |2.50]3.00 |f| o6
0119 | FIZFE | Lekima | 2001 [09[27]18| EIRAR | CB (23.70i 12030 | Poor |2.00|2.50 || 6
0119 | FIBE | Lekima | 2001 |09]27]20| EIRAR | CB |23.70| 12030 | Poor |2.00]250|W5s] 6
0119 | #ZEFE | Lekima [2001{09{27|21| EIRJAR | CB {23.70; 120.50 | Poor |2.00|2.50 3R] 6
0119 | FIZFE | Lekima | 2001 |09]27{22! EIRAR | CB [23.80| 120.60 | Poor |2.00|2.50 |#ag) 6
0119 | #I2FE | Lekima |2001|09)27|23 |IR/EIR/VIS| CB [24.00; 120.80 | Poor |2.00|2.50 || 6
0119 | FIZE | Lekima {2001 | 09|28 | 00 IR/EIR/VIS| CB |24.10| 12080 | Fair |2.00]2.50 |Fei| 6
0119 | #1ZE | Lekima [ 2001 | 09|28 | 03 [[R/EIR/VIS| CB [23.90] 12050 | Poor |2.00|2.50 (#5i@| 6
0119 | FIZFE | Lekima | 200! | 09|28 | 06 [IR/EIR/VIS| CB [23.90| 12050 | Poor |2.00]2.50 |&&) 6
0119 | FIZE | Lekima [ 2001 |09 [28|09] EIRIR | CB [23.90] 120.40 | Poor |2.00]2.50 [&| ¢
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Table 4 ~ Eye-fixes of Typhoon LEKIMA by different RADAR stations

e RCKT RCKS RCHL
H B#(Z) Jkig Ed Tt HiZ dEsE Hig
9 | 24 06 19.76 121.49
07 19.69 12158
08 1561 121.64
09 19.65 121.85
10 19.71 121.96
11 19.78 122.04
2 10.87 122.15
13 19.94 122.16
4 19.94 122.16
15 20.00 121.99
16 30.04 122.03
17 20.04 22.12
i3 30.08 122.15
15 2025 122.20
20 20.25 123.18
21 30.25 122.10
22 2023 122.10
23 20.25 122.10
09 | 25 00 2038 122.17
01 2045 122.13
02 20.50 123.07
03 30.53 123.13
04 20.59 122.17 20.6 122.0
05 20.73 122.15 20.8 122.1
06 20.79 122.15 70.8 122.2
07 20.85 122.10 311 122.0
08 30.92 122.09 20.8 122.0
09 20.95 122.05 21.0 122.1
10 21.02 121.08 21.0 122.1
1 2100 121.84 21.0 132.0
12 21.04 121.83 210 122.0
3 71.08 121.78 21.1 121.9
14 21.01 121.72 211 1218
15 2105 121.60 211 121.7
16 3114 121.66 211 121.7
i7 7118 121.64 202 1216
18 2121 121.64 212 1216
19 21.20 121.63 212 1216
20 2132 121.65 213 121.6
21 21.33 121.61 204 1.5
2 2134 121.56 314 1215
73 2140 12154 214 121.5
5 | 26 00 2140 12145 205 1215 2151 121.39
01 2151 121.44 216 1214 21.66 121.32
02 21.70 121.43 217 1212 21.30 121.28
03 21.92 121.40 219 1214 | 21.98 12133
04 22.02 12131 22.12 121.24
05 2211 12131 2221 121.22
06 33.23 12127 2230 121.20
07 3238 12118 2237 121.21
08 7333 121.20 2246 121.20
09 2248 121.18 22.54 12119
10 22.60 121.12
11 22.73 121.08
12 22.72 120.96
13 22.73 120.54
4 22.73 120.85
15 — =
16 32.93 120.74
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Table 5 - The meteorological elements summary of CWB’s stations during the passage of typhoon Lekima (0119)

balbr {5 B (hPa) R T B A L 5) R A () R A7k B (mm) B iR (m/s)

U BE | OBE O RE | Rm | RRE O RE ) BR | BRHO| W) RREEE | ol | EEeE B FFfetAE
BRI 997.9 | 270318 | 31.3 | ESE | 260132 | 21.8 | ESE 271040 434 |280440-280540| 14.6 |280458-280508| 334.5 241430-280910
BFE 995.9 [ 270314 | 21.0 SE 260851 [ 11.1 § ENE | 260851 22.0 |261357-261457| 13.5 |250947-250957] 211.5 241430-280943
L5 1363.3 | 270338 | 29.8 W 260605 | 102 S 261438 33.0 |260836-260936] 13.0 [262006-262016] 532.0 241430-280910
PrFif 996.1 | 270337 [ 19.6 | WSW | 252230 6.0 | SSW | 252112 31.0 252047252147 10.0  |262001-262011; 486.5 241430--280910
=Fin 9943 | 270347 | 20.1 [ SSE | 252222 8.1 E 260336 1.0 [252042-252142) 6.5  j261348-261358| 131.3 241520-280910
<jidid 991.8 | 270244 | 22.0 | ENE | 261422 | 12.6 NE 261426 4.5 |252054-252154 1.5 [250909-250919 40.5 241430-280910
EE $89.9 | 261337 § 278 | ENE | 251514 | 169 N 261405 2.0 1271836-271936) 10 |271854-271%04) 125 251210-230650
= 989.8 | 261426 | 10.8 E 252217 5.3 NNE | 260004 1.5 1270347-270447 1.0 [280157-280207] 124 241430-280910
HE®E 883.0 | 261553 7.9 | WSW | 270159 4.8 N 251650 13.0 |271300-271400] 4.0 [271309-271319] 45.1 250030-280900
B 992.9 | 261545 | 29.0 E 260840 | 13.8 | NNE | 261306 23.5 |280411-280511; 7.0 |280416-280426) [20.8 261720-280900
HER 990:5 | 261459 | 363 | NNE [ 261500 | 25.1 N 261915 0.5 [280452-280552] 3.0 [280453-280505( &1.0 261000-280856
FEE Ll 749.9 | 261417 [ 12.6 SE 261245 5.0 E 261250 18.5 [271604-271704f 6.5 {271615-271625] 1232 250820-280900
HUI 3007.5 1 261617 | 29.3 NE 261212 [ 13.6 NE 262133 11.9 [271201-271301) 3.0 [271220-271230] 172.2 241500-281000
s 9859 | 261613 | 12.7 | SS§W | 271345 5.5 SSE 271352 3.0 |271441-271541 1.0 |271452-271502) 17.0 250530-280910
& 089.1 | 261722 | 162 | WNW | 271035 9.1 W 271003 6.0 [271917-272017] 3.0 [271350-271400] 45.8 240805-282400
i 988.7 | 261451 [ 18.9 W 270943 [ 114 W 270753 12.5 [270927-271027) 5.0 ;271009-271019 106.0 241505281000
H3F 989.5 | 261335 | 246 | ENE | 260316 [ 10.8 N 260325 38.5 |261140-261240] 10.0  |261230-261240] 348.5 240105-280900
HM 9952 | 271417 | 219 E 252239 4 12.3 | ENE | 252030 355 240146240246 160 |240152-240202] 375.7 241402-280910
wEE 995.3 | 270346 | 223 | ESE | 260013 | 14.7 E 261749 17.5 1251912-252012] 7.5  |242015-242025] 261.4 241720-280910
e 9949 | 270334 | 16.1 | ENE | 252019 | 10.4 E 261302 60.5 |270650-270750] 17.0  [250806-250816) 697.0 241900-280825
BIh 991.5 [ 261544 | 22.1 E 261139 [ 11.6 NE 261146 27.5 |261702-261802) 12,5 [261726-261736] 379.0 241430-280910
= 979.4 | 261818 | 352 [ ENE | 261719 | 140 | NNE [ 261741 47.5 |261030-271130) 13.5 [261047-261057| 390.5 240105-282330
il 0684 | 261142 | 61.5 W 261259 | 42.0 SW 261239 20.0 [260711-260811 5.5 |252145-252155] 2255 241406-2803848
K 983.8 | 261517 | 256 | ENE [ 261054 | 109 | NNE | 261113 315 1261543-261643] 8.0  |261609-261619] 252.7 241430-280910
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Table 6. 24-hour mean forecast error (km) for typhoon LEKIMA (0119)

CLIP

CwB

TFSS

EBM

HURA

PGTW

BCGZ

VHHH

RPMM

CLIP
13
128
18
83
6
127
9
194
18
448
18

15
98

125

125

CWB
20! 85
85 ¢
708
i14 33
10 85
198 112
13 83
448 364
20 85
83 -1
20 85
105 20
20 85
72 -12
16 90
114 24
16 87
96 9

TFSS

EBEM

10
198

151
3V]
9
10
96
10
68
7
103
7
85

HURA

18
448
18
87
18
96
18
75
14
124
15
98

448
0
448
-361
448

-351°

448
=372
527
-403
503
-403

PGTW
A B
C D

RITD

BCGZ

A SR XY TSR R 20U

B e X il TR 24 /]

VHHH

FE(KM)

C #m Y Bl LBl T2 24 /NSRS (KM
D 57 Y TR L X SRR

83
0
83
22
83
=11

85

31
90
5

105

0
105
-33
107

7
107
-11

20
72
16
114
16
96

72

75

38
74
2

16 114
114 0

94 27
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Table 7. 48-hour mean forecast error (km) for typhoon LEKIMA (0119)

CLIP

CWB

TFSS

EBM

PGTW

BCGZ

VHHH

RPMM

CLIP
14
227
14
138
4
279
7
431
14
783

224

CWB

131

131

159

237

224

118
138
127
312
138
644
131

12
131

27
131

127
109
120
103

TFSS

257

450

322

111

144

120

187

257

257
192
279
42
257
-146
257
112
257
-137
298
-111
0

0

EBM

440

333

164

164

133

216

0
0

HURA

118

224

783

783
-635
783
-627
783
-664
903
-664
211
12

PGTW
A B
C

D

RITD

BCGZ

A FER XY TRERR AR KB
B #5 X W ETRSR i 48 /NEE(KM)
C FR Y B RS 48 RE(KM)
D Fom Y SRS FIEEE X el iy R

224

— 70—

144

144

14
144
-11
153

%
222

159

16
133
237

224

151

140
83

224

133

142
94
157
66

VHHH

12 237
237 0
2 266
224 42

16 96
96 0
2 24
224 0
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Fig.1. The best track of typhoon LEKIMA (0119)
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Fig.2. The surface analysis at 1200UTC 22 Sep. 2001
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Fig.3. The ten-day(21-30 Sep. 2001) mean sea surface temperature (top) and anomalies (bottom)
over the Pacific area.
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Fig.4a. The 850/700/500 hPa mean flow streamline at 12UTC 23 Sep. 2001
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Fig.4b. Same as Fig. 4a, but for 700/500/300 mean flow streamline
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Fig.5. The infrared imagery from 2212Z to 2800Z Sep. 2001
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Fig.5. Continued
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Fig.5. Continued
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Fig.6a. Composite chart of echoes from RCTP, RCHL, RCKS AND RCWF at 0900Z 25™ Sep. 2001

& 6b - FEE 6a, {85 2001 £ 9 F 25 H 12Z
Fig.6b. Same as 6a, but for 12Z 25th Sep. 2001

H F {

[ 6¢ ~ [EIE] 6a, {B3% 200149 H 25 H 15Z
Fig.6¢. Same as 6a, but for 157 25th Sep. 2001
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& 6d - [FIE 6a, {E}% 2001 4F 9 F 25 H 18Z
Fig.6d. Same as 6a, but for 182 25th Sep. 2001
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Fig.6e. Same as 6a, but for 21Z 25th Sep, 2001
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6f ~ [FHE] 6a, {E5 2001 45 9 I 26 H 00Z
Fig.6f. Same as 6a, but for 00Z 26th Sep. 2001
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Fig.6g. Same as 6a, but for 03Z 26th Sep. 2001
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Fig_.6h. Same as 6a, but for 06Z 26th Sep. 2001
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Fig.6i. Same as 6a, but for 097 26th Sep. 2001
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Fig.7. The hourly sea level pressure of stations 46759, 46754, 46766
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Figl10. The accumulated rainfall over Taiwan area for the period of 00lst 23
Sep. to 081st 28 Sep. 2001 '
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Figl0a. The 24hour accumulated rainfall over Taiwan area for 23th Sep.
2001 |
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FiglOb. Same as Fig. 10a, but for 24th Sep. 2001 FiglQc. Same as Fig. 10a, but for 25th Sep. 2001
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FiglOd. Same as Fig. 10a, but for 26th Sep. 2001
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Report on Typhoon 0021 (Haiyan) of 2001

Der-Song Chen Kang-Ning Huang
Meteorological Research and Development Center

Central Weather Bureau

ABSTRACT

Typhoon Haiyan {002 1) was the twenty-first typhoon over the northwestern Pacific Ocean in 2001. It
was also the ninth one on which that the Central Weather Bureau (CWB) had issued typhoon warnings in
the same year. Typhoon Haiyan formed near 17.7°N,129.7°E at 12UTC 12 Octeber, and then moved
northward. The western Pacific Ocean subtropical high enhanced after the tropical storm passed through
21.0°N at 12UTC 14 October, therefore induced Haiyan move northwestward toward Taiwan Islands. At
00UTC 16 October, owing to the influence of the middle-latitude trough ,typhoon Haiyan turned to
northward when it was near 125°E. Six hours later, the trough moved eastward toward 135°E, and
typhoon Haiyan changed its moving direction from northward to north-north-eastward under this effe;:t,
and further to north-eastward finally. Due to the influences of both the circulation of typhoon Haiyan and
the northeasterly monsoon, heavy rainfalls occurred in the mountain areas in the north and northeast parts
of Taiwan in the invaded period.

The 24-hour and 48-hour official forecast errors by CWB were 200km and 46 1km, respectively. The
24/48 hour forecast errors by TFS and CLIPER were 275km/229km and 564km/53 5km, respectively.
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Tablel ~ The best track, intensity, and movement of typhoon (121 (HAIYAN).

B | RO | g gy | BE "W’:‘;ﬁm Py
o | e (wE | o | D || (k)
(hPa) (km/hr)
B T T ey
101218 17.7 |129.7| 998 IR NwW slowly 18 25 120 ---
13|00 18.5 (1297 995 | #mpr | Nw |slowly| 20 | 28 | 120 | -
06| 18.7129.7| 9905 | mmmr | Nw o | 20 | 28 | 120 | -
12 18.7 [129.7( 990 iy NwW g 23 30 150 ---
181187 [120.7] 985 | #mpr | Nw 9 25 | 33 | 180 | —
14 (001 19.2 |129.7| 985 R NW 9 25 33 180 ---
06203 1207] 980 | mmpr | Nw 11 | 28 | 35 | 200 | -
12121.0 |1129.5( 975 RE NW 13 30 38 200 50
181 21.8 |128.6] 975 [ 15935 NwW 16 30 38 200 50
15100 22.1 |127.7] 970 thig WNW 16 + 33 43 200 80
06| 22.6 [126.6| 965 un]icy WNW 18 35 45 250 100
120231 01258] 965 | e | ownw | 18 | 35 | 45 | 250 | 100
181 23.8 [125.1| 965 sa]icy NW 15 35 45 250 100
1600|244 |124.4| 965 [nuficy NW 15 35 45 250 100
06| 25.3 [124.5| 965 (ERJicy N 15 35 45 250 100
121262 (1249 965 chpEE NNE 19 35 45 250 100
18127.0 |125.8] 965 EFE ENE 22 35 45 250 100
17100 | 27.5 |127.4| 975 R ENE 29 30 38 200 ——m
06| 282 |128.6| 975 R ENE 30 28 35 200 -—-
12[2001308] 980 | amr | ENE | 38 | 25 | 33 | 180 | —
181296 1133.0| 985 R ENE 41 25 33 180 —
18100 |30.7 (1363 990 1] ENE 55 23 30 180 -—
06324 (139.6f 990 ] isy ENE 55 23 30 180 ——
121335 [143.5| 994 |mms&mE| ENE | 55 | - | -~ | -
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Table 2 » Warnings issued by CWB for typhoon 0121 (HAIYAN).

B | KF | ERERELST) EHhE i

B (% ® |A|H|H 2 Bk e I it
B g B S LR - AL ER B R Eg i

wEi21| 1 |10]15] 8 |15 i
]
B gk B S LA - B B SR AR

wrizl] 2 11733 e
1] ‘
HEEEIEER - DR SRR - R

wgRE | 21| 3 14|25 F— ERALER » LA R AR R

‘ BRI - R ER R E @A - .

wERE| 21| 4 17|40 R TEELLA L RoAh ~ B LAbEE | R
e i R et i S et T L

#pe|21| s 20|20 F— TEHLL G S ~ e LUehE | P
BRI - B i R SR - R

w21 6 2330 FA— FEELLE R A ~ ERLURE | hE
SRR - - R B - B

wgps |21 7 1612 a0 ——— TEELULRET - BRLUILhE | P
BRI - Bk S8 -

ke (21 8 5(20 — TEHLIERE S - FELUCEE | PR
GRS - SEALEE - RO R

WepE (21| 9 8 |20 - TEHL R LA bR HrRE
EMIEEIET - ST - IR RR R

w21 10 1130 - EfE - BRI i

w21 11 14 | 20 | &#ILE - BALSR RERISIEE HE - BN - it RAERE s

w2 12 17 |30 | S#LER - LA R RETAEHE P

k|2t 13 20 | 15 [EEACER R S LER i TE HE
R, LB E R AL T v - St

R (21| 14 23 (15 th

By




= 3 - HREGFEELME P OSSR R ) A R IR LA R Rl R
Table 3 - Center locations and intensities of typhoon 0121 (HAIYAN) observed by the Satellite Center

of CWB,
IR EUTC) L E ERL R AEET
A H BF e BEAR HERERE T/Cl/hr
10 13 0 18.3 129.6 P 2.5/2.5/6
06 18.8 129.5 P 2.5/2.5/6
12 18.9 129.5 P 2.5/2.5/6
18 18.9 129.5 p 3.0/3.0/6
14 00 19.1 129.5 P 3.5/3.5/6
06 20.3 129.8 F 3.5/3.5/6
12 20.9 129.6 F 4.0/4.0/6
18 21.8 128.6 F 4.0/4.0/6
15 00 22.1 127.6 F 4.0/4.0/6
06 22.6 126.7 F 4,0/4.0/6
12 23.0 125.8 F 4.5/4.5/6
18 23.8 125.1 F 5.0/5.0/6
16 00 24.6 124 .4 G 5.0/5.0/6
06 252 124.5 G 5.0/5.0/6
12 26.2 125.0 F 5.0/5.0/6
18 27.0 125.9 F 4.5/5.0/6
17 00 27.5 127.5 F 3.5/4.5/6
06 27.9 128.6 P 3.0/4.0/6
12 28.9 130.5 P 3.0/3.5/6
18 296 133.2 P 3.0/3.5/6
18 00 30.8 136.4 F 3.0/3.5/6
06 32.3 139.7 F 2.5/3.0/6
12 33.5 143.5 p 2.0/2.5/6
FEEE : PRFBERIRE AR 60 N E » F AAREAMIRETE 30 28 E 60 nEH M » G RFKEMER
EEI0LEEI0NEIM -

4~ FRAFEIREITE - SETREOT R R BB 5 — -+ — SRR < TR R
Table 4. Error statistics of different forecast methods for typhoon 0121 (HAIYAN).

R L WAL 24 /NEFTRERAR 2 (km) 48 /N TR 2= (km)
* CWB B AT 200 - 461
| BCGZ(EEH) 174 437
il VHHH(F ) 348 985
R PGTW(BE) 175 390
Vil RITD(H#A) 153 355
5 RPMMGERE) 185
s CLIPPER 229 535
Jiik HURRAN 316 722
- TFS 275 564
BB EBM 318 687




! 5 BT RERGETRRE MRS ERNET RO A TTR) -

Table 5 + The meteorclogical elements summary of CWB stations during the passage of typhoon 0121 (HAIYAN).

IR {TEHbTH SR ! IR, TR A, T R KT He AR A R () BERAR Fe(nm)
iﬂf wig | wE | w | | m | e || me | e | me | mer | owe | e || s | i
(hPs) (LST) ) (L5T)  [(%RH)| {LST) | (mfs) | (D) (LST) | (mfs) | () (LST) (LST) ' {LST) - {LST)

el [ 997.2 1016/14:07) 25.0 |10/16/07:18] 81 |10/15/14:25] 369 | 350 |10/16/17:06| 27.1 330 |10/16/16:09) 7.6 | 10/16/10:50 | 1.6 | [0/16/10:48| 197 |10/15/14:25-10/16/18:00
Sk 1001.4 [10/16/13:48| 24.6 [10/16/04:37| 81 |10/16/17:23| 23,8 10 J1V16/13:40] 124 200 [10/15/18:58] 4.0 | 10/16/09:43 1.5 10/15/16:25| 135 10/15/14:00-10/16/17:30
frsing 1403.8 |10/16/14:21] 20.2 |10/16/04:33| 96 [10/15/14:40) 28.9 90 110M16/07:56) 17.7 | 350 [10/16/14:28| 20.0 [10M16/05:22| 85 10/16/05:47 [ 199.0 | 10715714:25-10/16/17:30
I 1 1003.0 |10M16/13:13| 281 |10/16/04:27) 95 [10715/14:30] 201 20 [1/16710:41] 7.2 360 |E0/16/13:47 31.0 |10A16/10:02] 7.0 10/16/10:12| 1825 |10/15/14:25-1016/17:30
== 1002.5 [10/16/13:27] 24.3 |10/16/09:00] 84 110/16/16:06] 18.9 20 [10/16/15:56] 6.8 330 |10/16/14:33) 7.0 | 10/15/16:339| 2.5 10/15/17:004 52,3 [10/15/08:45-10/16/18:00
AT 10041 {10716/13;27| 244 |10A16/17:37[ 77 |1016/17:51] 174 90 (10152234} 9.3 10 |10/16/11:04) 5.0 [10/85/17:36] 20 10/16/00:49¢  28.0  [10/15/10:10-10/16/12:30
i5HE 1002.6 [10/16/14:08| 26.8 |10/15/14:45] 69 {10/15/14:42] 21.1 50 |10/15/20:25| 144 20 10/15/20:48 1.5 10/16/03:28 1.5 10/16/03:33 2.5 10/16/02:30-10/16/10:03
=i 1002,9 |10/16/13:17] 29.5 |10/15/14:25] 57 lio/15A14:25) 171 80 [10116/117:22| 6.7 20 1071611522 1.0 {10/16/11:35] 0.4 10/16/12:05 1.5 [10/16/407:25-10/16/12:45
HA#E* §93.0 [10/16/13:58] 24.0 [10/15/14:10) 74 |10/15/10:32| 3.8 250 |10/16/09:45| 2.5 90 10/15/04:07] 0.2 10/16/13:14 0.2 10/16/13:20 0.2 10/16/13:14-10/16/14:06
M) 1004.7 |10/16/14;:54] 27.9 |10/16/13:55] 68 [1016/11:45) 17.8 70 [1016/02:57] 88 40 |10716/05:24] — — — —

HHE 1003.2 |10/16/14:38| 26.1 |10/16/13:12| 84 |10716/21:47| 264 40 |10/15/18:59] 19.0 20 |101519:06] — — — —_— —_—
faEil* | 7575 [10716/14:30] 19.1 |10/15/15:00) 63 |10/16/01:00( 10.3 70 {10/16/00:10] 43 20 |107i6/00:12| - — — —_

i | 3097.8 [10/16/12:03| 122 |10M16/12:01] 55 [10716/05:24| 15.6 90 ]10/16/04:19 7.8 200 [wov16/04:14] 01 [101518:10 00 10/15/18:10| 0.1 10/15/18:10-10/15/18:20
B 1001.9 110/16/14:47| 253 [10/16/14:54] 78 |10/16/15:17| 18.7 20 [10/16/15:56] 8.6 360 [10/1615:05] 0.2 [10416/08:00] 0.1 10/16/08:10| 02 |10/16/07:30-10/16/09:1¢
HEEE R '

P 10013 [10/16/14:24] 302 [10/§5/14:43 62 |10/15/14:35| 21.5 10 |1016/16:17] 13.6 360 |10/16/19:04 e — — —

eallE 1000.1 | 10/16/14:18| 29.7 |10/15/13:40 57 |10/15/16:50f 184 120 | 107§6/12:50] 9.3 350 |10/16/12:52  —— . —

HAF 999.1 |10/16/13:08]| 28.9 |10/16/13:50 66 )1 10/15/15:00 16.9 20 [10716013:23| 7.0 330 [10/16/13:43] -

AL 997.4 [10/16/13:12| 27.5 [10/16/15:01] 66 |10/15/09:33] 27.5 50 |10715/00:34| 22.0 | 260 310/16/09:44]. 2.0 | 10/15/17:20 1.0 104151720 2.0 [10/15/17:20-10/15/17:44
Kk 998.4 |10/16/12:49] 31.4 [10/16/11:52] 56 |10/16/11:55] 12.2 90 |10/16/14:51| 6.6 30 [10/16/85:08] e — —_ -

= 998.3 [10/16/13:06) 31.9 [10/16/10:42} 42 |10/15/09:42| 104 90  [10/16/12:58] 5.1 30 |[10N671143F  —- - e nee -

o] 998.9 |10/16/12:52| 31.7 |10/16/11:15] $6  [10/16/12:25| 13.9 40 [10/1515:03| 7.9 30 [101515:06] 0.1 | 10151748] 0.1 10/15/17:48 0.1 10/15/17:48-10/15/17:55
Tt 996.6 |10/16/13:49] 31.0 |10/15/11227| 46  [10/15/08:58| 14.9 50 |10415714:15] 9.4 26 |10asa4a8] T 10/15/16:20 T 10/15/16:20 T 10/15/£6:20-10/15/17:00
His 1000,0 | 10/16/12:25] 26.1 [10/16/04:11| 67 |10/15/01:17] 185 360 J10/16/11:39| (0.8 330 [10/16/12:29] 4.5 168/15/16:11 L.5 10/15/16:31 31.6 10/15/14:25-10/16/22:20
AR 999.0 |10/16/12:20] 26.8 [10/16/04:14| 6% |10/16/17:28] 233 |} 330 [10/167i0:45| 2.3 260 |10/16/09:16] 8.5 [101515:42] 25 10/15/17:44 | 370 110/1514:25-10/16/14:50

A w R EE RN - RRBEMDESTRERT - T RN
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Table 6 - The daily and total accumulated rainfalls (mm}) at each CWB station during the passage of

typhoon 0121 (HAIYAN).

mE ZEHRNE(OE) £l
s 10 H 15 H 108 16 H 5t
B 24 17.3 19.7
£ 4.5 9.3 13.8
o 136.5 97.6 234.1
PR 79.0 124.0 203.0
=p|n 16.7 42.8 59.5
¥ 18.8 10.5 29.3
sy 0.0 2.5 2.5
& 0.0 1.5 1.5
HAE 0.0 0.2 0.2
38 0.0 0.0 0.0
HHE 0.0 0.0 0.0
Fal B 0.0 0.0 0.0
il 0.1 0.0 0.1
B 0.0 0.2 0.2
EEEREERL 0.0 0.0 0.0
(=7 0.0 0.0 0.0
i 0.0 0.0 0.0
[ 2.0 0.0 2.0
FE 0.0 0.0 0.0
& 0.0 0.0 0.0
BLh 0.1 0.0 0.1
{3 T T T
R 26.0 12.5 38.5
=] 8.0 23.6 31.6

FIEE : T RN
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Table 7 ~ The maximum wind and the gust wind at each CWB station during the passage of typhoon
0121 (HATYAN).

AT RE . AP,

o Bt | S| o s | s | o
(LST) (LST)

BALRIR 27.1 10 10/16/16:09 | 36.9 12 10/16/17:06
b8 7 12.4 6 10/15/18:58 | 23.8 9 10/16/13:40
e 17.7 8 10/16/14:28 | 28.9 11 10/16/07:56
RT3 72 4 10/16/13:47 | 20.1 8 10/16/11:41
&k 6.8 4 10/16/14:33 18.9 8 10/16/15:56
T 9.3 5 10/16/11:04 17.4 8 10/15/22:34
e 14.4 7 10/15/20:48 | 21.1 9 10/15/20:25
= 6.7 4 10/16/15:22 17.1 7 10/16/17:22
H A 2.5 2 10/15/04:07 3.8 3 10/16/09:45
B 8.8 5 10/16/05:24 | 17.8 8 10/16/02:57
HEE 19.0 8 10/15/19:06 | 26.4 10 10/15/18:59
FATE Ly 43 3 10/16/00:12 | 10.8 6 10/16/00:10
Ll 7.8 4 10/16/04:14 | 15.6 7 10/16/04:19
=3 8.6 5 10/16/15:05 18.7 8 10/16/15:56
EEEERLPL 13.6 6 10/16/19:04 | 215 9 10/16/16:17
e 9.3 5 10/16/12:52 | 184 8 10/16/12:50
i =3 7.0 4 10/16/13:13 16.9 8 10/16/13:23
TER 220 9 10/16/09:44 | 27.5 10 10/15/00:34
Kk 6.6 4 10/16/15:08 | 12.2 6 10/16/14:51
= 5.1 3 10/16/11:43 | 104 5 10/16/12:58
Bl 7.9 4 10/15/15:06 | 13.9 7 10/15/15:03
pioE 9.4 5 10/15/14:18 14.9 7 10/15/14:15
=1 10.8 6 10/16/12:29 18.6 8 10/16/11:39
BRiA 9.3 5 10/16/09:16 | 23.3 9 10/16/10:45
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Fig.1. The 500 hPa geopotential height and wind vectors at 00UTC October 13 of 2001
(contour interval is 60gpm).

2~ 2001 4£ 10 B 13 | 00UTC 2 500/700/850 HiE- IR IRE
Fig.2. The 500/700/850 hPa mean flow streamlines at 00UTC October 13 of 2001.
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Fig.3. The GMS IR image at 08LST October 13 of 2001.
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Fig.4. The 500 hPa geopotential height and wind vectors at 12UTC October 14 of 2001
(contour interval is 60gpm).
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Fig.5. The GMS IR image at 20LST October 14 of 2001.
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Fig.6. The 500 hPa geopotential height and wind vectors at 00UTC October 15 of 2001

(contour interval is 60gpm).
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7~ 2001 ££ 10 H 15 H 00UTC Z 500/700/850 EHSFHsR R E
Fig.7: The 500/700/850 hPa mean flow streamlines at 00UTC October 15 of 2001.
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Fig.8. The GMS IR image at 08LST October 15 of 2001.
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Fig.9. The 500 hPa geopotential height and wind vectors at 12UTC October 15 of 2001

{contour interval is 60gpm).
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10 ~ 2001 4£ 10 B 15 H 12UTC 2 500/700/850 FHHE EHIR R E
Fig.10. The 500/700/850 hPa mean flow streamlines at 12UTC October 15 of 2001.
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Fig.11. The GMS IR image at 20L.ST October 15 of 2001.
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Fig.12. The 500 hPa geopotential height and wind vectors at 00UTC October 16 of 2001
(contour interval is 60gpm).
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Fig.13. The 500/700/850 hPa mean flow streamlines at 00UTC October 16 of 2001.
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Fig.14. The GMS IR image at 08LST October 16 of 2001.
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Fig.15. The 500 hPa geopotential height and wind vectors at 12UTC October 16 of 2001
(contour interval is 60gpm).

16 ~ 2001 #£ 10 A 16 H 12UTC Z 500/700/850 HIHFHIR IR
Fig.16. The 500/700/850 hPa mean flow streamlines at 12UTC October 16 of 2001.
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Fig.17. The GMS IR image at 20LST October 16 0f 2001
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Fig.18. The 500 hPa geopotential height and wind vectors at 00UTC October 17 of 2001

(contour interval is 60gpm).
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Fig.19. The 500/700/850 hPa mean flow streamlines at 00UTC October 17 of 2001
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Fig. 20. Time sequences of the minimum pressure and the maximum wind speed of typhoon HATYAN.
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TFS TYPHOON TRACK FORECAST DATE (01/10/13/00Z-01/10/18/00Z)

i

Fig.23. The forecasts of TFS model and the best track of typhoon HAIYAN (101300UTC to
101800UTC).
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Fig.24. The forecasts of EBM model and the best track of typhoon HAIYAN (101300UTC to
101800UTC).
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Fig.25. The distribution of accumulated rainfall in the Taiwan area during typhoon Haiyan’s passage
(2001).
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Fig 26. The accumulated precipitation (mm) at selected stations during typhoon HAIY AN's passage.
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Fig.27. The hourly precipitation {mm) at Chutsehu, Anpu, and Taipei stations during typhoon
HAITYAN's passage
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Fig. 28. The hourly precipitation (mm) at Ilan and Suao stations during typhoon HAIYAN's passage
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Fig.29. The maximum wind and gust wind at selected CWDB stations during typhoon HAIYAN's
passage.

—113—



30 —r—i7
e (T
23 ——

15151, 1518L 1521L 1600l 1603L 1606l  1609L 1612L 1613L

B 30. ¥eeEam s SR GTE - 4B - BT RE RN RS Z R 2 ANE
Fig. 30. Time sequences of wind speed (m/s) observed at Tainan, Wuchi, Anpu, and Keelung stations
during typhoon HAI'Y AN's passage '
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Fig. 31. Time sequences of wind speed (m/s) observed at Pengchiayu, Tungchitao, and Lanyu stations
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Tablel. The averaged reduction of variance R? of the new/old LAFS MOS

i . ‘
R? 2F 5F STERES BEF Fk3F
ik '
%k 0.44 /038 0.42 / 0.40 038 /0.34 0.24 / 0.25 0.42 /041
&= 4k 0.41/034 0.42 / 0.39 0.37/0.33 0.22 /022 0.35/ 0.34
&G i 0.35/0.27 0.39/0.34 0.38 / 0.33 024 /022 0.34 /0.32
B e 0.38 /024 0.37 / 0.34 0.40 / 0.36 0.26 /0.23 0.36 / 0.39
=N 0.32 /020 0.33 /0.30 0.42 / 0.38 029 /0.26 0.43 / 0.45
= 0.29/017 | 0.33/027 0.44 / 0.40 0.30 /0.26 0.42 /0.39
B g 0.43 /038 0.49 /0.47 0.38 /0.32 0.28 / 0.26 0.39/0.42
2 0.29 / 0.26 0.37 /0.36 0.37/0.34 0.30 /0.27 0.36 /0.38
B W 024 /0.13 0.24 /017 0.33/0.29 0.28 /027 0.38/033
A it 0.18 / 0.12 024 /021 0.34 /030 0.29 / 0.26 0.29 /0.25
$T HIERSIEERR LAFS PP 5% L E MM R
Table2. The averaged reduction of variance R? of the new/old LAFS PP
ZEHfi '
R? 2% aBF RN - BE
S ‘
% 7k 0.48 / 0.43 0.45 /0.39 0.44 / 0.41 0.29 /0.33 0.41 /0.40
& 0.42/0.38 0.46 / 0.42 0.43 / 0.40 0.30 /0.33 0.34 / 0.40
= 0 0.40 / 0.37 0.37/0.35 0.44 / 0.43 0.33 / 0.27 0.44 / 0.43
1 B 0.37 /0.34 0.39 /0.37 0.47 /0.42 0.33 / 0.30 0.40 / 0.45
= & 0.34 /0.25 0.31/0.31 0.43 / 0.45 0.32 /0.30 0.51/0.55
B 027 /023 0.36 / 0.30 0.48 / 0.44 0.30 / 0.30 047 /045
E B 0.41/0.43 0.49 / 0.46 0.44 / 0.40 033/036 | 043/0.44
" HE 0.35/0.33 0.38 /0.32 0.42 /0.38 0.35/037 0.42 / 0.44
= 0.22/0.19 0.21/0.19 0.37 / 0.30 0.37/0.33 0.38 /0.32
A 0.23/0.14 0.25/023 0.39 /041 0.34 /027 0.31/032
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An Examination on the Probability of Precipitation of Statistical
Forecast Guidance and Some Improvement Testing at the Central
Weather Bureau in Taiwan

Huei Min Wang
Meteorolégical Research & Development Center

Central Weather Bureau

ABSTRACT

In this study, we verified the probability of precipitatinn(PoP)fnre'casts in 2001 of three statistical
forecast guidance models: ECMWF(European Center Medium - Range Weather Forecasts) model based
Perfect Prog; LAFS(Limited Areal Forecast System) model based MOS(Model ‘Output Statistics);and
LAFS model based Perfect Prog. We found that the performance of the ECMWF mode] based Perfect
Prog was the best for all seasons of the year, whose skill scores in the different seasons were 3.78 -
10.72+2.76+10.27 - 13.93 respectively; but the LAFS model based Perfect Prog was not good, whose skill
scores were lower than climate persistence’s in all seasons except for the summer. In view of different
seasons, the performance of both the LAFS model based MOS and the ECMWF model based Perfect
Prog in Mei-Yu and winter seasons were not as good as in other seasons, In addition, the performance of
the ECMWF model based Perfect Prog was superior to climate persistence by over ten pércentage in the
rest of the seasons. Though, the LAFS model based MOS can improve the forecast errors caused by the
systematic errors of LAFS model output, the PoP forecast results were still not as our expectation. The
major factor resulting from seemed to be that the data quality of LAFS model outputs at four grid points
located over the sea surrounding Taiwan were better than those grid points located within Taiwan island.

Through changing the grid point data as the ECMWF model based Perfect Prog used, we
redeveloped the LAFS model based MOS. We found that the averaged reduction of variance R* of the
new LAFS model based MOS is higher than the old one at ten rarlldom selected surface stations in all
seasons of the year. This helped explain that the data quality of LAFS model output at grid points where
surrounding Taiwan was indeed superior to those grid points located within Taiwan island. But the
verification results of the new LAFS model based MOS and Perfect Prog did not match the results
mentioned above. It is necessary to collect more forecast verification data so that we can make further
conclusion.

Keywords: Perfect Prog , Model Output Statistics.
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Mechanism of Mad-Dog Wave and Prevention of Its Disaster

Hsien-Wen Li

Deaprtment of Civil Engineering, Minghsin University of Science & Technology

ABSTRACT

A mad-dog wave is a slang for the wave which hurts people standing or sitting on the coast. The
mad-dog waves can be categorized into two types according to the character. The type-1 mad-dog
wave is a strong wind wave attacking the coast continuously during the winter monsoon. The type-II
mad-dog wave is a freak wave which occurs frequently in the clear sky before or after typhoon
apprdaching. Basically the type-11 mad-dog is & swell resulted from a distant typhoon. The mechanism
of mad-dog waves is due to the energy released by wave breaking. To prevent the disaster of mad-dog
waves, one must not go fishing at seawalls, bulkheads, and revetments during the strong monsoon in
winter and the typhoon period in summer. The jetties and breakwaters are dangerous places for touring

and fishing during the strong monsoon and the typhoon period.
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A stady of the Evaluation and Improvement of the Central Weather
Bureau Typhoon Forecast Model

Tien-Chiang Yeh Der-Song Chen Kang-Ning Huang Shinn-Liang Shieh
Central Weather Bureau

ABSTRACT

This study explores and tries to improve the performance of the Typhoon track Forecast Model
(TFS), which is one of the key elements in typhoon forecast operation at the Central Weather Bureau. In
this year, four primary tasks were accomplished: the evaluation of the performance of TFS for-typhoon
track forecast in 2000 and 2001, the evaluation of the performance for typhoon track forecast by high
resolution models, the study of models’typhoon rainfall simulations, and the study of the impact of
radiance data on TFS forecast. _

From the evaluation of the TFS performance for typhoon track forecasts in 2000 and 2001; we
foundthat the average track errors of the 24/48/78 hours forecast are 148/306/520 and 155/312/518 km,
respectively. The results showed TFS is skillful as the errors are all smaller than those of CLIPER
forecast for homogeneous cases. _

The results of the evaluation of the performance of track forecast by the high resolution models
showed that increasing the model resolutions and improving the initial vortex structure may reduce the
track error. For the 21 cases from three selected typhoons, the average 24/48/72 hours track errors of the
15 km fine grid simulation were 106/219/311 km, which were 14/15/42 km, respectively smaller than
those of the 45 km coarse grid simulation and were 43/66/164 km smaller than that of the operational
forecast. &

Qur result of the rainfall simﬁlation study showed that the high reselution model with fine grid over
topography was capable of displaying the spatial distribution of precipitation for typhoon Nari, although
the amount of the rainfall was smaller than that of observations.

In addition, the result of the impact study of the usage of the radiance data showed the TFS forecast
was sensitive to its initial conditions. The track forecast error was smaller when the NCEP observations
and the SSI analysis method were applied. To include the radiance data in the analysis had positive
impact on the model forecast.

Key words; typhoon track forecast model, high resolution model, radiance data
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Table 1. The best-track positions, intensities and movements of typhoon CHEBI

e L e AN EGH B
e, | FEE | 30kts | SOkts
m/s m/s km km
062006 13.0 |133.0] 998 305 19 18 25 150 0 R
062012| 13.8 |131.3| 998 305 19 18 25 150 R
062018| 14.0 [129.2] 998 305 19 18 25 180 e FEE R
062100 14.3 [127.7| 995 305 19 20 28 | 200 WE R
062106| 15.3 [127.2 990 305 19 23 30 200 %8 B
062112 16.0 |126.1| 990 305 19 23 30 | 200 4T R R
062118 17.0 [124.7| 985 315 21 25 33 200 %% FEF TR,
062200| 18.2 {123.6| 985 315 21 25 33 200 SR EERE TR,
062206 193 {122.4| 975 315 23 30 38 200 i FEF 4 T,
062212| 20.5 |121.21 970 310 25 33 | 43 200 80 | MEFRSE,
062218 21.0 {120.0] 970 310 25 33 43 | 200 | g0 | cHpEFEARE
062300] 22.0 [119.6| 970 315 25 33 43 | 200 | g0 | dupEEAE
062306 232 [119.2| 965 330 25 35 45 200 | g0 | dupEEARE
062312( 24.8 |119.4| 970 360 29 33 43 | 200 | g0 | chpEmEgE,
062318 26.4 [119.7| 980 020 29 28 35 150 K P G P,
062400| 28.5 |120.2| 995 020 37 20 28 120 IR G
062406} 30.2 [122.3] 995 040 42 20 25 120 R EEBE FR,
062412| 32.5 [125.0| 1000 040 45
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Table 2. Warnings issued by CWB for typhoon CHEBL
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Fig 4b. The 500 hPa height chart at 1200UTC JUNE 22 of 2001
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Table 3. The meteorological summary of CWB’s stations during typhoon CHERBI’s passage.

il e {EF B (hPa) BRI A B /) A TG (m/s) i Al A B (mm) Fef 7k #8 = (mm)

w4 BiE R i T i B (B R —/NFR|FFRIsGE | [RElRE (e [HERE

i 9572 23/13:43 276 |SSW [23/13:30  |129  |SSE (2211220 |10 23/00:10 |05 22/22:14 1.5 22/08:00~24/03.00
=2 996.5 23/12:13 195 |S 22/16:58  [9.6 ESE |22/16:41 (0.2 23/18:10 |01 23/18:20 0.3 23/03:00~23/19:00
TrFE (9981 23/11:53 (123 W 2211639 [3.2 S 23/10:18 |05 23/09:40 105 23/10:30 0.5 23/10:30~23/11:12
PSR |1347.8 - (23/11:50  |300 [SSW [22/1944 {168 |S 23/00:21 |05 230730 |05 23/07:30 1.0 22/05:40~23/20:30
BT 9965  [23/11:12 (104 |W 23/1428 |55 NNE 221346 |21 23/06:50 (1.0 23/07.07 33 23/01:05~23/30:10
=Lk 9969  |23/09:29 |99 |ENE |22/12:49 |46 NNW |22/13:38  |3.0 231630 (1.2 23/15:43 17.3 22/20:45~23/23:40
Bz 997.8 23/09:06 1207 |SW 231926 |12.1  |S 23/22:35 |60 231720 |25 23/18:04 24.0 22/23:45~24/00:20
HH®E [889.7 23/09:14 143 |NW |22/1842 7.7 SE 2%/1852 |20 23/03:22 1.0 23/03:56 84 22/23:17~23/20:05
RE 996.7 23/08:36 (155 |W 231811 |69 S 23/17:10 (305 |23/18:10 11.0 23/19:01 110.0 122/20:05~24/03:10
FTER(L3% |3066.0 |23/0832 |20.1 |S 23/19:.07 |76 SE 2310944 |70 2300253 |20 23/12:42 41.5 22/08:10~24/05:35
Eilpg- (30702 [23/06:33  [43.1 S - |23/1945 (282 S 23/20:48  [5.9 23/17:01 2.1 230740 75.4 22/13:32~24/04:30
= 996.6  :23/07.07 [264 [SSW |23/15:55 {152 IS 2315:06- [36.0 |23/17:44 12,5 23/17:17 204.0  |22722:10~24/04:05
=k 9057 |23/05:35  [244 |SSW 123/10:15  |127  |SSE  {23/10:23 (235 |23/10:37 10.5 23/10:38 1140 122/23:03~23/23:10
1k 993.8 . [23/04:53  [25.1 |SSW [23/05:55 [113 SE  [23/05:57 |2L.0  |2217:18 (8.0 22/18:13 71.0 22/13:20~24/05:28
K 10005 |23/02:29 (213 [ENE |23/00:37 [9.1 S 231041 315 |22021:50 |19.0 22/22:30 1440 |22/08:10~24/08:20
H5H 1001.7 |23/05:15 1166 (W 231246 |12 SSW[23/12:23 (315 [22/20:50 17.5 22121:02 1360 |22/18:25~23/1'7:05
KT 9%7.9 23/02:12 239 |W 231249 [156  |SW (23/12:58  |325  |23/0143 |95 23/02: 14 137.6  |22/16:48~23/18:06
i3 1000.0 |23/12:12  [200 |8 23/08:54 (119 S 23/1336 365 123/05:05 13.0 23/08:42 1240 |22/19:10~23/20:30
ERiA 9999  |23/15:01 |27.1 IS 23/12:23  [147 |SSE [23/11:34 (7.0 23/05:10  [5.5 22/23:48 40.0 22/13:35~23/18:10
=1L 998.9  123/15:03  |162 [SW  [23/12:55 (8.1 S 23/13:24 |19 23/06:50 Lo 23/06:50 3.5 22/14:08~23/14:25
WHEM 10000 [23/14:30 (373 S 231626 279 |SE 291632 |20 22/22:57 L4 22/22:57 4.5 22/08:10~24/05:35
W 979.3 23/14:22  |548 |S 231434 |294  (SSE |23/14:52 (335 231210 (128 23/13:00 1920 [23/03:25~24/05:30
HEE 9773 2371321 1623 |S 2311334 1438 [SE  [2371343  [27.5  |23/15:05 |95 23/15:21 1215 |23/02:50~24/01:40
R 998.5 22/16:18 1327 |W 2Y17:00 (205 |SE [217:46  |155  |22/16:05 1.5 2216:10 73.0 22/09:42~24/09:00

A oK - RERURE S LI,




! -4 1T
E RN
' e 5= '
a y 3
! L/
i
!
;
! .
- "'1.:£ . '
ROV AN - Zos o
Lo ——2200Z.
AN 2152
L2112z
A == T 21062
1- J)
o AN
L',.J Q\??- 1
0 10062_
i 20002

9. 2001 5 5 (& LB R B8 (R
Fig 9. The best track of typhoon CHEBI{0102)
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Fig 10. The Time sequence of minimum pressure and wind speed for typhoon CHEBI (0102)
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Fig 12. The accumulated precipitation at CWB stations during typhoon CHEBI's passage
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Table 4. Center locations and intensities of Typhoon CHEBI estimated by the Meteorological Satellite

Center of CWB

EEJ.? P HwEB| £ (BB |, EEEE ?ﬁjﬁk e AR L THE |CIL{E | Zr {H HEL a%r;‘:ﬁ;j
wme | B =5 | R HE 241 | R
0102 | 27k | Chebi [20001)| 06| 20{09 [IR/EIR/VIS | CB [13.30| 132.10 Poor | 2.50 { 2.50 | 0.00 | S8/ 6
0102 | BFkk | Chebi |20001]06 20|12 EIR/IR CB |[13.40 130.20 Poor | 2.50 | 2.30 | 350 | &FE 6
0102 | &ftE | Chebt |20001(06]20 (15 EIR/IR NNN [ 13.70 129.80 Poor | 2.50 | 3.00 | 0.00 | Z%kE 6
0102 | &Fkk | Cheby |20001]06120| 18 EIR/IR CB [14.00| 129.10 Poor | 3.00 { 3.00 | 0.00 | &tf& 6
0102 | &Fkk | Chebi [20001]06 20|21 EIR/IR CB 1420 12840 Pobr 3.00 | 3.00 | 000 | BE| . 6
0102 ; 2Fk: | Chebi [20001)06]21 |00 | IR/EIR/VIS| CB | 1430 127.70 Poor | 3.00 | 3.00 | 4.50 | 5 6
0102 | Fk | Chebi 200010621 |03 JIR/EIR/VIS| CB | 1500 127.50 Poor { 3.00 | 3.00 | 410 | & 6
0102 | 7k | Chebi |20001| 0621 |06 | IR/EIR/VIS| CB | 1530] 127.20 Fair 3.00 | 3.00 | 3.50 | &4 6
0102 | aFkk | Chebi [20001]| 06|21 |09 {IR/EIR/VIS| CB |15.60| 12630 Fair 300 | 3.00 | 350 | 8 6
0102 | Ftk | Chebi (20001062112 EIR/IR CB | 1580 126.20 Poor | 3.00 | 3.00 | 3.50 | $#& 6
0102 | &5k | Chebi (20001062118 EIR/IR CB | 1690 124.50 Poor | 3.50 | 3.50 | 0.00 | %H 6
0102 | @7k | Chebi {20001] 06121 |21 EIR/IR CB (1740 124.30 Poor | 3.50 | 3.30 | 0.00 | 8 6
0102 | FH: | Chebi [20001]{06 ;22|00 IR/EIR/VIS| CB !18.20§ 123.70 Poor | 3.50 | 3.50 | 4.50 | 48 5
0102 | ¥k | Chebi |20001) 06|22 |04 | IR/EIR/VIS| CB {19.00| 12290 Poor | 4.00 | 4.00 | 4.50 | B¢ 6
0102 | Fkk 1 Chebi |2000i| 06| 22106 |IREIR/VIS| CB |19.40| 12240 Poor | 4.00 | 4.00 | 4.50 | 3&E 6
0102 | ¥k | Chebi [20001]06 |22 ;09 [IR/EIR/VIS| CB [19.90| 121.80 Poor | 4.00 | 4.00 | 4.50 | &E 3]
0102 | ZFEb | Chebi [20001]06]22]12 EIR/IR CB {2050 121.00 Poor | 4.00 | 4.00 | 450 | HE 6
0102 | &Fkk | Chebi [20001]06| 22|15 EIR/IR CB |20.80( 12040 Fair 450 | 430 | 6.50 | BB 6
6102 ZFE | Chebi [20001(06(22 (18 EIR/IR CB (21.00 119.80 Fair 5.00 | 5.00 | 5.50 | B 6
0102 | 7Lk | Chebi {20001) 06422 |21 EIR/IR CB [21.50 119.7¢ Good | 5.00 | 5.00 | 6.70 | 548 6
0102 | 27k | Chebi [20001]06 |23 | 00| IR/EIR/VIS | EYE | 22.10| [15%.40 Good | 5.00 | 5.00 | 6.30 | &E 6
0102 | &k | Chebi [20001| 06|23 |03 | IR/EIR/VIS | EYE ;2270 | 11920 Good | 5.00 | 5.00 | 550 | #5 6
0102 | Fkk | Chebi (20001} 06|23 06 | IR/EIR/VIS | EYE |23.40| 119.20 Good | 4.50 | 4.50 | 4.40 | 5 6
0102 | &ffk | Chebi |20001)|06 |23 | 09 [IR/EIR/VIS [ EYE [24.00) 119.20 Good | 4.50 | 5.00 | 4.50 | F5S 6
0102 | &fH| Chebi [20001]|06|23 |12 EIR/IR EYE | 2470} 119.40 Good | 4.00 | 450 { 3.90 | BE 6
0102 | &Fkk | Chebi (20001)|06]23]|15 EIR/IR CB |25.70] 119.60 Fair 3.50 | 4.00 | 3.70 | BEF 6
0102 | &7tk | Chebi |20001]06(23 |18 EIR/IR CB |2650( 119.80 Poor | 3.50 | 4.00 | 4.50 | 59 6
0102 | 7Lk | Chebi [20001( 06|23 |21 EIR/IR CB (2750 119.9¢ Poor | 3.00 1 3.50 | 3.50 | E5% 6
- 0102 | &Fkk | Chebi [20001] 06|24 | 00{ IR/EIR/VIS| CB | 2830 120.40 Poor | 2.50 | 3.00 | 3.90 | H5% 6
0102 | ZFFk | Chebi (20001 06 | 24 | 03 | IR/EIR/VIS VCB 2890 | 12090 Poor | 2.50 | 3.00 | 3.80 | #k5% 6
0102 | 25k | Chebi |20001;06 |24 ;06 | IR/EIR/VIS | 'CB [30.30] 122.80 Poor | 2.50 | 3.00 | 3.80 | 5B 6

T BEEZERHREE Ci: RUHREE Zr : EESREETE

IR : ATAMREEIE EIR : §IOMBETRAEER VIS WRLEE

CB : #ihPE EYE : [RZ!

Poor : #7254 60km Fair : #R227F 30-60km Good : EREFE 10-30km
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Table 5a. Center location of Typhoon CHEBI
observed by WU Fen San Radar

station

RITD I VHHH ZI#cHE » HPHERE 2 RR
396 /3 - 425 A HIFD 427 48 > HE BCGZ
KL -

SRR TFS #aSEREE 158
% - i EMB BRATESAEREE 16) 0 —
EHEHEI -
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Table 5b. Center location of Typhoon CHEBI
observed by Ken-tin Radar station

R LR e e et

y_ - || R
H BEFUTC) e R degree { Km/hr

06230600 233 | 119.2

E TUEE | | B | gt
e |
gEBUTY| T | RE | g [k

06230700 236 11192 | 357 30

0622600 154 | 1224 | 330 22

06230800 238 | 1192 1 006 24

06220700 2195 112220 298 23

06230900 241 [ 1192 ] 001 24

06220300 197 | 122.1 | 335 25

06231000 242 [ 1193 | 003 20

06220900 199 | 1219 | 317 30

06231100 245 | 1194 1 026 35

06221000 202 | 1216 ] 318 40

06231200 247 | 1194 | 357 18

06221100 203 1 1214 | 298 23

06231300 250 [ 1195 016 38

06221200 204 1212 | 298 23

06231400 253 [ 1196 014 | 35

06221300 206 | 1209 | 306 38

06231500 256 | 1194 | 330 | 32

06221400 207 1 1206 | 290 35

06231600 253 | 1192 ] 321 33

06221500 208 | 1204 | 299 22

06231700 259 [ 1196 069 | 40

06221600 208 11202 | 270 22

06231800 265 | 1200 | 032 68

06221700 209 1 1201 | 318 14

06231500 269 | 1201 023 | 48

06221800 210 | 1200 | 318 16

06232000 271 11200 | 331 24

06221900 21,1 ] 1199 | 318 14

06232100 272 | 1203 07 26

06222000 213 11199 | 000 24

(06222100 215 | 1198 | 336 23

06222200 217 [ 1199 | 336 26

6222300 219 [ 1197 ] 000 17

06222400 22,1 | 119.6 | 336 26

(06230100 223 [ 1194 | 318 23

06230200 225 | 1194 | 000 24

06230300 227 [ 1194 | 000 21

06230400 230 [ 1193 | 344 31

06230500 232 | 1193 | 001 28
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Table 6. 24-hour mean errors(km) of selective track-forecast techniques for Typhoon CHEBI

CLIP

CWB

TFSS

EBM

HURA

PGTW

RITD

BCGZ

VHHH

RPMM

CLIP
13
268
13
214

181

201
11
231
7
277
5
225

268

268
-53
288
-131

CwB

14

216

216

7
157
7
348
13
270
14
188
14
209
1
231

124
214
35
216
-27
216
-7
218
12
229
48
164
70

TFSS

157

348

246

185

190
3
242
3
329
2
87

157

157
190
157

88
157

17
157

33
162

9
161
168
122
35

EBM

7
348

246

185

100

242

329

87

348

348
<131
348
-162
348
-157
366
-124
411
-81
346
-259

HURA

13
270
13
181

201
11
231

277

225

PGTW
A B
C D

RITD

BCGZ

A R X ALY BTRIRHRIHIAIM 20

B )k Xl [l Sk 24 2N

VHHH

SRIEKM)

CALRY [l EHTR fike 24 /NFRRZEEM)
D &3 Y fhETHELE X Rl i LR

14
188
14
209
11
231
7
277
&
235

188

188
26
188
42
207
70
155
7%

14
209
11
231
7
277
6
235

209

196

177
100
192

42

11
231

277
5
225

231

253
24
192
33
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Table 7. 48-hour mean errors(km) of selective track-forecast technigues for Typhoon CHEBI

CLIP

CWB

TFSS

EBM

PGTW

RJTD

BCGZ

VHHH

CLIP :
TFSS :
EBM :

RITD

CLIP CWB TFsS EBM
9 609
609 0
9 609 101 457
461 -148 | 437 0
5 659 5 505 5 214
214 -444 204 2290 214 0
5 659 5 505 5 214 5 666
666 7 666 161 666 451 666 0
9 609 9 461 5 214 5 666
520 -B8 520 59 487 272 487 179
3 609 10 457 5 214 5 666
398 -201 39 -61 414 200 414 -251
¢ 609 10 457 5 214 5 666
427 -181 425 31 409 194 409 -257
7 633 7 481 3 188 3 781
509 -124 509 27 537 348 537 -244
3 638 3 472 1 316 1 692
427 211 427 44 412 96 412 279
R G R TR
PR SRR TR A
SRR A TR T
| AR R

HURA

9
520
9
398
9
427
7
509

427

520
0
520 10
122 396
520 10
92 423
574 7
64 509
574 3
146 427
CWEB :

PGTW
A B
C D

RITD

BCGZ

A SR X Y BRI K

VHHH

B 5% X 8l L fi.2 48 NHRRE (M)

CH#5R Y i ETRSRTT Y 48 /RFEREEEM)
D 27 Y BIBEAIALL X BTSRRI

396

0

396 10 425

29 425 0

437 7 407 7 500
72 549 101 509 0
444 3 333 3 533
-6 427 94 427 -105
hiRESRE TR

347
427 0

HURRN : AU 8 et TR =

PGTW : SSHZ FEITHK
VHHH © Fifi TEEHR

RPMM
6 235
235 0



THS TYPHOON TRACK FORECAST DATE (DI/OG/EO/]27.—01/05/23/122)
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Fig 15. The forecast of TFS model and the best track of typhoon CHEBI

EBM TYPHOON TRACK FORECAST DATE (01/06,/20/12%~01/06/23/12%)
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Fig 16. The forecast of EBM model and the best track of typhoon CHEBI
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REPORT ON TYFHOON CHEBI IN 2001

Hsin-Chin Hsu

Weather Forecast Center , Central Weather Bureau

ABSTRACT

Typhoon CHEBI{0102) originated as the second typhoon of 2001 in the Pacific Ocean, it
developed into tropical storm over the castern sea of the Philippines, and moved northwestward to the
Bashi Channel then shifted northward to the Taiwan Strait.  After passing through the seas of Penghu
and Kimen, CHEBI landed at mainland China and turned northeastward to the East China Sea, then
decreased as a tropical depression soon,

The observation showed that there was a peak gust of 62.3m/s at the Tunggi island. Owing to the
topograghy of Taiwan, the precipitation accumulated at eastern and southern parts of Taiwan and the
maximum accumulated rainfall was 204.0mm in Tainan.

The 24 hr and 48 hr official forecast errors of the Central Weather Bureau were 216km and

457km respectively, the TFSS model made less error predictions during this typhoon period.
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FREZFRREZNE L EEREREAERE
E
FHRES R R ERTERAEAUE SRR IREE (Chen et al. 1999) BETRELE KR
e R - FIRFEE AR 7 E R NI SR - PIATE ZE A EERERT&
BlRLZHIARERK - BAERATFEORER L EHREE G EEERK -

EEE SRR

B RZEN ATHERIAZ — « ARBHFRLULBIRSETT 1 - fe—HE

#EF 0 Ll BOMEX HEE RN FRR 2 EEE 2L - BRI Lk
HERENEEEE - AT IHE Li (1994) AT » AR EEET

EHZEARERRESRENEERC - AFFEE T IR HRRTUR

EHE - FILHThR

LEMEBEOTRE ARG S S T EB RS EIEREE

TR — By ZRESE AR - FRUTRE S B T BT A AT A RE
(ECAPE) REREEERIGMNTEIKREEMEZRS R BEAERER &
ARl KRS AR ~ iR R i’]’ﬁf}lf%ﬁﬂ%ﬂ’]ﬂ&ﬁ

T 2EE - FRERES

i

— A&
BEREBRARKEER » LT gERE
7GETES AR - BEEREE  HEEE
TEZEREY AR SUIRER SR AT AN I T B e IS E Ry
A - FlAnERRE FI0{S Bl(trade wind)
& - REFENSEHEETE TR ENEE
EFREWELD - RILEER o LU RS g
RRMFHEEEAREBERNARER  H
EEENS{E B ( Hadley circulation ) {E & Byl
2% AR R K R SR E RS B (Riehl et
al. 1951) - T DIERIUAREHE  HEWREES
Bk iR ITCZ R EEEEEN - Bt

TEPR M R IR R e - AR

FRF BB = B SR EEREE
EZ2YALE SHHEE ARKRAE B T
"] hnsRE R AR LAMEE S FUE SR - [FIRF
Mk EAEEEE A AR AR
HEEEAMEFN  SE0SEEETL

4 FER T IR 2R R 2 alHIUE 8
R E RV EERS A 2 ARG B LTS R B
TERREE G FE . BB SRR
AE - REFGRETEERENEE R - 2000
AMETERR LSRR  FIREAEER
FERTER - KL e SRR E R RS
& - ES-EECEERAERRES L B
ZERPEI KR A  BEENEEGRE
FEREHRRE R » $TEM . FEEER
TR TR R R R IR - KILETHERS
TREHEERETHENIER (root) (LeMone and
Pennel 1976 ; Stull 1988) -

SRS SihElapbedisess 2 S WAE-Amt;. 7
EHEARAREREES ELEAERET
Betts-Milter Ff% 773 (adjust scheme) ( Betts and
Miller 1984 ; Betts 1986 ) » ‘B E3f & /7% (mass
flux scheme) (Betts 1975 ; Tiedtke 1989 )+ Kr
1 R A PR T i (Tiedtke 1984) » 1545 /7%
HHEEREEE - ARTEEEATNRAEN

717



12 Tiedtke (1984 IR IR A% - RBE
TR Clocal ) HAEREH o mllEE R i3 -
ARG E—AERREEFNEEES R
{7 EE(Li and Young 1994 ; Li 1994) - [th FHE
FEFREB(nonlocal B ELERVER T HIA - DIFRIR
TR ERERVE] - Wi(updratty{EF - 5550
BEEE T ER(cloud root)ATEEE » INTHREFE
FEEEAEE - 06 HRER Rk 8
(LA AR RSP ILE BUR B B liquid water
potential temperature and total water content) » 43
Ik BE 1 7 i B HA B0 o B e IR BN IR
2 -

AR IRFERFZHAE S, ( Global Forecast
System Model ; GFSM ) B9fES %2 ( Chen et al.
1999} thizF| - KR/ GFSM RY{EE 7SR 8~
& BEEERTHS HREEE2HL Tk
B e IRZ — - FTLIAFELISEE S
LT RIS ER, » HAHLL BOMEX BiaE
BHETT—AEME - FHE A RS ES L ®
REIEEsFE - RRERA ZHRET
IR - ERIRTEAES e BRNES
B TEG AR TR R - — MR
ERET R AR = ENE R AGER - SRIUEIRLE
SHENERRER - EREEAREMT - Bk
— R RR B AR A i w2 IR T

— ERRE28 AN
(—)GFSM BH{FE3EHE

H#i GFSM Al Tiedtke BEZE2H L
Fik(1984) » 2L =GR ABBERERS
B
1. KR E ORI A SRR -
2. BEXEEREARNHEETEELERR 80% -
3. HhFRZERIRAVERT RS (LCL)BEFTRE

#3i® 200hPa HUEE -

FEAEASWEL FEEEd > BEESE
THER4:  EREEEERMREZDGEEIE
E (BEfIRFAERERE/ NS ) FENES

HEXERETE » MERERETETRER
ZEMrE - SEEEARNEE 2
37 3B R IR A (mixing) iy 5 L AR AL B (0
potential temperature) k kb #2 ( q ., spectfic
humidity):

36 d —— 8 56
Yy o=
(a: Jau az(“ _ ) az( ¢ 82)
(n
g 8 — 2 g
Ay wagy=——(—k 2L
(6! Ve 8;:(u 7) az( - 6_7)
@)

(D EYL 0y Ke RS SRR IRE
B & SR local MRETEEI(0 , 9 W T HEEE (down
gradient)B[I AT Y E B B A BIR A E(lu) &
SRR R (tendency ) » 2, GFSM HE
HEENESTRE (Ke) B2 mYs » EJELT
HWEEAHLESREAEBRENERE 10
m*/s
(=) HEHThiT

AR AT BB RIIRE Ji 8% Li (1994)fF
TRMRIEW » T 7ot E M 2 R IR TR A GRS
B (LCL) » B EEREHEEEE (cloud
base ) - R BT AE ETHEEHERERY
P A2 —{E R EATHEEHE (Lagrangian)
L, (Betts 1975; Betts and Albrecht 1987) » [
MR EETRIEEA (entrainment ) #f FF2
RHEHBIEE - HIHE iR R IR ER
JIFF RIS RE ¢

Ao

—E = A8 -0,
5 = MO =00

dgt .. — 3
D :;L‘(ql _qr) ( )
dz

H A RBRAEYE  EHHES 05km”
- (Albrecht 1981) 2@ ZE VHTEEEEEE

K> EFEILE T TE RBHEEEE (cloud
top ) » HHMHEHSER—HKS(E (4000 AR

"



B98I - HEEA S ERRINEREN
HEE - HIMEERE R T E 4R (cloud root)d9{E
M BEEEREANERES R EER FEmH
BER  ERBIIGSNE BT E
E o BRI HOE S R B RIEAY i
g -

BT HBIEEN R R R A
LA - RO BRI RE
SHEM ARAEEINEE (heating rate) 1115

F(moistening rate):
a0, & ——
T4 Yy =—— W' 9"
( ot Ja Bz( )
L

€p

,=0-—g, @)
dq, 0 =
( at )(:u - aZ (W CII )

q,=q+q,

(5}

Hrh8, BEWERNIE (liquid water potential
temperature ) - ¢, i &/AKE (total water
content) °

G L BN BEGE NI AR
(budget eqliation) { #E S i} (quasi-equilibrium)
a2 Al EEEANR/EEEEREE
BT BEEE (downgradient) JzJEFER(nonlocal)
REBER T RERL » BEAHEESRIE 7] 2% (Liand
Young 1994 ; Li 1994) :

v, =-K 2Lk al? (6)
iz dz.
&)1y ¢ R F B AKH B Ciguid  water
potential temperature) 5 A8 & 7k & (total water
content ) » B TR EED (local ) EEK
BES  BRENELDHEEERS M L4
A TR ETE R EEF 88/ MR 1 (Pennel
and LeMone 1974) - AL #iR¥HE & RE
(Ke) fESBEEA Ak —HYRHAS - &
AAEAEE - FEFEERERAEENE - &

ERBVHRBREEE - BRI AEBIES
AEFREEEE - A E = e A
KrEEH © BOMEX Bl AIDIERRE
B MA{EL(6.5)a 3 ¢
k, =6.5F(2)
(Z, - ZNZ, - Z) (7
Z-Z)Z-7,)

"

F(Z)=

Z, B Z, BE Z=(Z,+Z)/2

"

(6)F B " HRIEREES (nonlocal ) 3
Tt » Hhi o 229 Bougeault (1981) AY
—HEE REEER B Sommeria and LeMone(1978)
ZHER R it (large-scale eddy) SR -

U (8)
a+bF(Z)

Hepa{fR 1 biEk 15 FO& (7) &5
BRI B -

 BHER

[1]

(—)EEEE

| —HERE R L, BOMEX S|kl
EE LB kB - BN ZEE M (June
22-23,1969 ) AEEIFEEN (undisturbed ) 4R EE 5
FHREERNE RERIEE L RRZARE
TILRIGRIEE - FolRmEh—REBNEnE

5 (K7 600 R BB EEE—TE I

TRTHYEEE - @HEEIE (/9 1650 4R)

B2 —AREAMY3% 8 /8 (Soong and Ogura 1980) -
A RORET RRIARE/A JIelBgM - K
RV SRS EN L0 B iR Ry
e HEHY R A A S Al M s

- (8 1 kel 2) FrbR RS E R8T

i 7 M BEES B AR E MY AR (Soong and Ogura
1980 ) - '
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Improved Shallow Cumulus Processes In The Central Weather
Bureau Global Forecast System

'Feng-Ju Wang and *Jui-Lin F. Li
'Research and Development Center, Central Weather Bureau

*National Aeronautics and Space Administration

ABSTRACT

It has been reported that the low-level horizontal water vapor transports were not sufficient in the
CWB Global Forecast System (GFS) and the geographical patterns of precipitation rate were not well
simulated by the GFS.

These could be because the shallow cumulus processes are not well formulated in the model.
Results from tests with a single-column version of the GFS indicate that the scheme fails to maintain
observed shallow cumulus clouds in the planetary boundary layers during BOMEX. The scheme
only considers local cumulus diffusion and ignores its vertical variations.

In this study, we adopt a new scheme which is a simple eddy diffusive scheme with a nonlocal
transfer inclusion. This scheme, developed by Li and Young(1994), represents the cumulus fluxes of
liquid water potential temperature and total water as the sum of local diffusion plus nonlocal
convection. The shallow cumulus cloud layer is well maintained for the BOMEX condition by the
new scheme in the single-column tests. The 3-D results simulated using the new scheme but with a
fully coupled version are very encouraging; the geographical distributions of July precipitation rates,
sea level pressure and surface latent heat flux show more realistic patterns and values than those

simulated by the current operational scheme of the GFS,

Key words: shallow cumulus cloud , nonlocal turbulent transfer
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A CCA Model for El Nifio~La Nifia Prediction

Meng-Shih Chen' Mong-Ming Lu’
"Weather Forecast Center, Central Weather Bureau

*Meteorological Research and Development Center, Central Weather Bureau

ABSTRACT

The El Niifio,~La Nifia prediction model using Canonical Correlation Analysis (CCA) is
established. Seasonal mean sea level pressure (SLP) of prior four seasons is used to predict seasonal
mean tropical sea surface temperature {(SST).

During the training period (1956-1995), the model has better performance in winter than in
summer. The cross-validation results show that persistence method is better than CCA within 6-month
forecast, but CCA is more skillful in longer lead-time forecast. CCA model is also capable of
predicting the interannual and seasonal variations of SSTs, though with cold error. In general, El Nifio
prediction is better than La Nifia. Although the forecast of El Nifio,~La Nifia beginning falls behind
the observation, the forecast of ending does not.

Based on correlation and root mean square error {RMSE) evaluation, Nifio3.4 is an ENSO index
being best predicted. For one season lead forecast, the correlation of the predicted and the observed
Nifio3.4 in winter is higher than 0.9. For two seasons lead forecast, the correlation can be as high as
0.89.

Several sensitivity tests have also been studied, namely, the sensitivity of the spatial coverage in
the predictor and predictand, the effects of detrend and the selection of training period. We find that
the prediction results are most sensitive to the selection of training period. It is suggested that it is
better to use the latest 40 years as the training period in real forecasts.

The model hindcast results during 1996-2000 show that the predicted intensity of ENSO is
weaker, and the phase transition time is delayéd compared with the observation. Although we do not

find that CCA is better than ENSO-CLIPER, we find it outperforms the persistence method.

Key words: ENSO, Canonical Correlation Analysis, Statistical model
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The Evaluation of Typhoon Track and Quantitative Precipitation
Forecasts of CWB’s NFS in 2001

Jing-Shan Hong

Meteorological Computer Center, Central Weather Bureau

ABSTRACT

This paper evaluated the performance for the typhoon track and quantitative precipitation
forecast (QPF)} of the 45-km mesh of the Non-hydrostatic Forecast System (NFS) of the Central
Weather Bureau (CWRB) in 2001, A total of 9 typhoon cases .were evaluated. The averaged forecast
track error for § cases (excluding typhoon Trami) was 175 (174) km for 24-hr, 271 (232) km for 48-hr,
and 523 (410) km for 72-hr forecast (nummbers in the parentheses indicated excluding typhoon Haiyen).
The NFS model had large track etror as the typhoon interacted with the mid-latitude systems.
Because of the initial typhoon circulation was interpolated from the coarse grid of the global model,
the position of the modeling typhoon center had an error of 76 km. Thus, improving the bogus
process in NFS will greatly improve the track forecast. In addition, the model over-predicted
precipitations as increasing the forecast time. That might be related to the impropriate cumulus
parameterization scheme used in NFS (Kuo scheme). The ETS score showed that the forecast skill
decreased as increasing the forecast time. The rain rate threshold between 20~50 mm/12 hr had the

most skillful QPF; however, there were little skill when larger than 50 mm/12 hr.

Key words: typhoon track forecast, typhoon QPF, NFS
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Tablel. The best-track positions, intensity and movement of typhoon Toraji{0108).

i Rl L N T R HEFH BERE HToHARE| LEEE
(UTC) (&) (M) (DEG) (km/hr) (m/s) (km)
Ala|e| b T4 B &R +a
7127107 17 {1274 998 NW 11 18 25- 150 -
72716 | 17.1 | 126.8 990 NW 11 23 30 200 -
7(27112] 17.4 | 126.1 280 NW 15 28 35 200 -
7(27(18] 17.8 | 125.5 975 NW 15 306 38 200 50
7(28(/0|18.4|124.8 965 NwW 17 35 45 250 1006
7 1{28]61 19.1 | 124.3 962 NwW 17 38 48 250 100
728|127 9.8 | 123.8 962 NNW 17 38 48 250 100
7 [28(18] 20.6 | 123.3 962 NNwW 17 38 48 250 100
71291 0121.2 | 1229 962 NNW 17 38 51 250 100
7129 6221|1225 962 NNW 17 38 51 250 100
7 129112] 23.1 | 122.0 962 NNW 17 38 =3 | 250 100
7 [29(18] 23.6 | 121.4 970 NNW 17 33 43 | 200 8]0
71301 0| 24.4 | 121.0 975 NNW i7 30 43 200 80
7130] 6| 25.2(120.6 975 NNW 17 30 40 200 80
7130(12| 25.8 | 126.1 975 NNW 13 30 40 2060 80
7130|18{ 26.2 | 119.8 975 NNwW 9 30 40 2060 80
7131({0 ] 269 |119.8 990 NNW 9 23 30 180 -
713116277 |119.6 998§ NNW-N 11 15 23
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Fig. 1. The best track of typhoon Toraji (0108).
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Fig. 2a. The surface analysis at 0000UTC 27 July 2001.
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Fig. 2b. The infrared image at 0000UTC 27 July 2001.
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Fig. 3. The ten-day (21-31. July. 2001) mean sea surface temperature(top) and
anomalies(bottom} over the Pacific area.
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Fig. 4a. The surface analysis at 0000UTC 28 July 2001.
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Fig. 4b. The infrared image at 0000UTC 28 July 2001.
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Fig. 7. The 700/500/300 hPa mean flow streamling at 0000UTC 29 July 2001.
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Fig. 8a. The surface analysis at 1200UTC 29 July 2001.

RO 0450 7 )

e ret
‘L'I"f

29112 OB DRk

e S SRR G
[ 8b.2001 %£ 7 B 29 B 1200UTC AL4M5 15 E 2
Fig. 8b. The infrared image at 1200UTC 29 July 2001.
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Table2. Wamings issued by CWB for typhoon Toraji.
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3. PRAGEFEE

L AR b E(Toraji ) BERZSEf B SREE BT R R

Table3. Center location and intensity of typhoon Toraji (0108) analyzed by Meteorological Satellite

Center of CWB.

R -;‘; b L ' a 10
%m Epjf myEZE £ (H|H|Z| EEiEE E@Jﬂ T’ SRR e TE |ClE iﬁg J%EFE.J
R | BfE EA | B e 241 | FRkFE
0108 | #kZF | Toraji | 2001 {0727 |00 ' IR/EIR/VIS| ShP |17.00] 127.40 Fair | 2.00 | 2.00 | &2 6
0108 | #k= | Toraji | 2001 |07 |27 |03 | IR/EIR/VIS| CB | 17.00] 127.10 Fair | 2.50 | 2.50 | ¥R 6
0108 | 5% | Toraji | 2001 |07 ({27 | 06 [IR/EIR/VIS| CB |17.30| 127.10 Fair | 3.00 | 3.00 | Z5& 6
0108 | Bk | Toraji | 2001 |07 |27 (09 [IR/EIR/VIS | CB |17.30] 126.60 Fair | 3.00 | 3.00 | 3@ 6
0108 | Bk | Toraji | 2001 {07(27]12! EIR/IR | CB |17.30] 12620 Fair | 3.00 | 3.00 | $ag &
0108 [ Bk | Toraji [ 2001 [07]|27]18| EIR/IR | CB |17.70] 125.60 Fair | 3.50 | 3.530 | & 6
0108 | 8% | Teraji | 2001 [07]27]21| EIR/IR CB [17.90| 12320 Fair | 4.00 | 4.00 | 382 6
0108 | B | Toraji | 2001 [ 07 |28 | 00 | IR/EIR/VIS| CB |1840] 12470 | Good | 450 | 4.50 | :m 6
0108 | $E3 | Toraji | 2001 (07128 | 03 |IRVEIR/VIS] CB 118.80] 12460 | Good | 430 | 450 | B2 6
0108 | Bk | Toraji | 2001 |07 {28 |06 | IR/EIR/VIS| CB | 1920 12430 | Good | 4.50 | 4.50 | &5 6
0103 | BkF | Toraji | 2001 |07 |28 109 | IR/EIR/VIS| CB |1940| 12420 | Good | 5.00 | 5,00 | %t 6
0108 | Bk | Toraji | 2001 (07|28 |12 |IR/EIR/VIS| CB |19.70( 12390 | Good | 5.00 | 5.00 | &E 6
G108 | BkZ | Toraji | 2001 [07]28| 14| EIR/IR CB [20.00] 123.60 | Good | 5.00 | 5.00 | Z2F 6
0108 [ Bk2 | Toraji 2001 [07]|28[15] EIR/IR | CB {20.00] 123.60 | Good | 5.00 | 5,00 | 4555 6
0108 { #k= | Toraji | 2001 |07[28[16| EIR/IR CB [20.10] 123.50 Fair | 5.00 | 5.00 | @ 6
0108 | 8% | Toraji | 2001 [07(28]17| EIR/IR | CB |20.30| 12340 Fair | 5.00 | 5.00 | #54 6
0108 | Bk | Toraji [ 2001 [07|28|18) EIR/IR | CB |2040} 123.20 Fair | 5.00 | 3.00 | 547 6
0108 | 8k | Toraji | 2001 {07[28]21] EIR/IR CB |21.00] 12290 Fair | 5.00 | 5.00 | £ 6
0108 | Bk | Toraji | 2001 |07 (2900 | IR/EIR/VIS| CB |21.20| 122.80 Fair | 4.50 | 5.00 | i§i§8 6
0108 | M6 | Toraji | 2001 107129103 [IR/EIR/VIS| CB (21901 12260 | Good | 450 | 5.00 | {88 6
0108 | Bk | Toraii | 2001 |07 | 29|06 | IR/EIR/VIS| EYE [22.20! 12240 | Good | 500 | 5.00 | ZtEE G
0108 | Bk | Toraji [ 2001 | 0729 |07 |IR/EIR/VIS | EYE |22.30| 12240 | Good | 5.00 | 5.00 | 2@ 6
0108 | $kF | Toraji | 2001 | 07|29 {08 | IRZEIR/VIS | EYE |22.50| 122.3¢ | Good | 5.00 | 5.00 | 28 6
0108 | #k% | Tosaji | 2001 10712909 |IR/EIR/VIS | ECP 12270} 12230 | Good | 5.00 | 500 | B8 6
0108 | Bk | Toraji | 2001 |07 |29 {09 | IR/EIR/VIS| ECP [22.70 | 12230 | Good | 5.00 { 500 | 3@ 6
0108 | Bk | Toraji | 2001 [07]29 )10 [IR/EIR/VIS| ECP |22.90| 122.20 Fair | 5.00 | 5.00 | &%E 6
0108 | Bk | Toraji [ 2001 [07 2911 |[IR/EIR/VIS | ECP |23.00] 122.10 Fair | 5.00 | 5.00 | S%pe 6
D108 | BkF | Toraji | 2001 |07]29]12] EIR/IR | ECP |23.10] 122.00 Fair | 5.00 { 5.00 | 332 &
0108 | ¥k% | Toraji [ 2001 |07(29]15| EIR/IR | ECP |23.50( 121.60 Fair | 500 | 5.00 | &% 6
0108 | #kZ | Toraji 200! |07]|29|18| EIR/IR | ECP |23.70| 12130 Fair | 4.50 | 5.00 | 99 6
0108 | #k= | Toraji | 2001 0729 |21 | EIR/IR | ECP |23.90| 121.30 Fair ! 4.00 | 450 | %55 6
0108 | #k=F | Toraji | 2001 |07[30|00| EIR/IR | ECP |24.10| 121.10 Fair | 4.00 | 450 | 58 6
0108 | $83% | Toraji [ 2001 |07 |30[03| EIR/IR | ECP [24.80| 121.10 Fair | 4.00 | 450 | iF58 &
0108 | #kZ | Toraji | 2001 |07]30/06| EIR/IR | ECP [25.10] 120.70 Fair | 4.00 | 4.50 | 859 6
0108 | Bk= | Toraji | 2001 |07 (30|09 [ IR/EIR/VIS| CB |23.50| 120.50 Fair | 4.00 | 4.50 | % 6
0108 | #6Z | Toraji [2001 {07|30[12] EIRZIR | CB [25.60| 12030 Fair | 4.00 | 4.50 | &% 6
0108 | #k% | Toraji [ 2001 [07]30]15| EIR/IR | CB |2560] 12020 Fair | 4.00 | 4.50 | ¥55 6
0108 | #k2 | Toraji | 2001 |07]30(18| FEIR/IR CB {26.10] 119.80 Fair | 4.00 | 4.50 | &4 6
0108 | HkZ | Toraii (2001107130021 EIR/IR | CB |2650) 11970 Fair | 3.50 | 400 | &35 &
0108 | ¥k | Toraji [ 2001 [07]31|00|IR/EIR/VIS| CB [2660] 119.40 Fair | 3.00 | 3.50 | 55 6
0108 | $k% | Toraji | 2001 [07 |31 [ 03 |IR/EIR/VIS| CB |27.10| 11930 Fair | 2.00 | 2.50 | 355 6
0108 | $k2 | Toraji | 2001 |07 31|06 [IR/EIR/VIS| CB |27.80| 11930 Poor | 1.50 | 2.00 | 58 6
0108 ) #kF | Torap | 2001 1073109 | IR/EIR/VIS| CB |2800| 11930 | Poor | 1.50 | 2.00 | &S 6
0108 | k= | Torgji [ 2001 [07 (31 /12| EIR/IR | CB |2830{ 11950 | Poor | 1.50 | 2.00 | 535 6
0108 | ¥k | Toraji | 2001 107|31{15} EIR/IR CB |28.60| 119.50 Poor | 1.50 | 2.00 | & 6
0LO08 | #k% | Toraji | 2001 |07 |31[i18] EIR/IR | CB (2890 11960 Poor | 1.50 | 2.00 | & 6
0108 | ¥ | Toraji | 2001 |07]31121| EIR/IR CB |29.80] 119.80 | Poor | 1.08 | 260 | 5% 6
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Tabled. Center location of typhoon Toraji (0108) analyzed by radar stations of CWB.

HEE R (o B A

i | eE-s

b FHAL) RE-HIE | Ac
BT 1990 4E 7 H 28 H 16:00 19.4 124.1] 6
$ET 1990 4F 7 A 28 | 17:00 19.4 124.1] 6
ET 1990 42 7 5 28 [ 18:00 19.5 124.1] 5
SR 1990 £ 7 28 0 19:00 19.7 124] 5
SR 1990 4£ 7 F 28 O 20:00 19.8 1239 3
BT 1990 2E 7 H 28 [ 21:00 19.9 123.8] 3
B/ 1990 4E 7 A 28 F 22:00 20.05 123.64] 2
3T 1990 4 7 H 28 £ 23:00 20.12 123.55] 2
8T 1990 ££ 7 B 29 [ 0:00 20.29 123.44] 2
BT 1990 4£ 7 A 29 H 1:00 20.43 123.34] 2
T 1990 ¢ 7 A 29 £ 2:00 20.57 123.27] 2
ST 1990 4£ 7 H 29 [ 3:00 20.72 123.13] 2
BT 1990 4£ 7 H 29 A 4:00 20.82 123.12] 2
BT 1990 4 7 1 29 A 5:00 20.82 123.02] 5
SR 1990 4E 7 F 29 [ 6:00 20.84 123] 3
BT 1990 ££7 0 29 [ 7:00 21.04 122941 5
ST 1990 55 7 A 29 F 8:00 21.25 12293 5
TESE/BRT 199047 A 29 | 9:00 21.3/21.42]  123.01/122.88] 3/5
TEHART 1990 45 7 A 29 | 10:00 21.43/21.56]  122.94/122.79] 2/5
TESEAR T 1990 ££. 7 B 29 H 11:00 21.59/21.74]  122.73/122.71 2/3
TETE/RT 199057 H 29 H 12:00 22.77/21.86 122.62/12.64] 2/2
15 1990 4 7 H 29 B 13:00 22.01 122.61] 2
JEFE/SRT 1990 4£ 7 H 29 [ 14:00 22.1/22.190  122.46/122.53] 272
TES/ET 1990 4E 7 5 29 [ 15:00 22.25/22.31 122.38/122.5] 212
TER/BET 1990 4E 7 H 29 [ 16:00 22.39/22.51 122.3/122.47] 112
TEH/ET 1990 45 7 A 29 H 17:00 22.62/22.71  122.34/122.36] 172
TEM/ET 1990 4 7 B 29 18:00 22.77/22.8|  122.27/122.32] 12
TSR T 1990 £ 7 H 29 [ 19:00 229523 12221/122.23| 112
TE/BET 1990 £ 7 F 29 H 20:00 23.08/23.2 122.1/122.09] 1/3
P 199047 A 29 H 21:00 23.23 122.02] 1
TE 1990 227 A 29 [ 22:00 23.34 121.79] 1
EalvieE 199047 8290 23:00 23.5/23.41  121.68/121.72] 5/1
A4l 1990 £ 7 A 29 [ 23:30 23.5 1216] 5
FA5L 1990 ££ 7 H 30 H 00:00 23.6 1215 5
Faasth 1990 52 7 H 30 [ 00:30 23.6 1215 5
Faagtl 1990 ££ 7 H 30 { 1:00 23.6 1215 5
A 1990 5F 7 B 30 H 1:30 23.6 1214 5
FA3 1990 4. 7 A 30 H 2:00 23.6 1213] 5
410 1990 4£ 7 H 30 { 2:30 23.6 1213 5
A5 1990 4£ 7 H 30 3:00 23.6 1213] 3
Fanagil] 1990 4£ 7 A 30 [ 3:30 23.7 1213 6




il 1990 & 7 H 30 B 4:00 23.8 1213 6
A4l 1990 87 530 B 4:30 23.9 12120 6
Faail| 19904 7 A 30 A 5:00 24 121.2] 6
F5L 19904 7 A 30 H 5:30 24 212 6
FA5r 199047 § 30 H 6:00 242 1212 6
ALl 1990427 H 30 5 6:30 243 1213) 6
Tisril 1990 4£ 7 B 30 H 7:00 24.4 121.3] 6
FAL 1990 58 7 A 30 A 7:30 24.4 121.2] 6
A4l 1990 ££ 7 A 30 H 8:00 24.4 1209 6
Fanastl 1990 %27 § 30 H 8:30 24 4 1208 6
Favanil| 1990 5 7 H 30 H 9:00 24.5 120.9! 6
TSl 199047 530 H - [9:30 24.6 120.8]| 6
Fisril 1990 4 7 § 30 [ 10:00 24.7 120.9| 6
FLsr 1990 4£. 7 B 30 [ 10:30 24.8 1207 6
FAr 1990 £ 7 B 30 A 11:00 24.9 120.7] 5
Eatail| 1990 £ 7 A 30 B 11:30 25 - 1206] 6
A 1990 #£ 7 A 30 @ 12:00 25 120.6| 6
H5L 1990 F 7 30 H 12:30 252 1206] 6
AL 1990 7 530 H 13:00 25 120.5| 6
Faagi 1990 € 7 § 30 H 13:30 25.1 120.5| 6
FAr 199047 A 30 H 14:00 252 120.5| 6
Fisril 1990 % 7 F 30 | 14:30 252 1204] 6
sl 1990 4£ 7 B 30 A 15:00 25.2 1204{ 6
Fakaatl] 1990 42 7 A 30 [ 15:30 25.3 120.4| 6
Faa il 1990 ££ 7 B 30 0 16:00 25.4 120.5| 6
=514 1990 7B 30 H 16:30 25.4 1204 6
A5 1990 4 7 § 30 [ 17:00 25.5 120.5 6
A5y 1990 4£ 7 H 30 H 18:00 25.6 1203 6
Eanagil] 1990 4£ 7 H 30 H 19:00 25.7 120.1] 6
Eagagil] 1990 47 B 30 B 20:00 25.8 120] 6
FHALL 1990 £ 7 H 30 H 21:00 25.7 1200 6
FAL 1990 27 H 30 H 22:00 25.8 120; 2
Fagayil] 1990 £ 7 B 30 { 23:00 25.9 119.9] 2
FHoyh 19904 7 B 31 H 0:00 26 1199] 2
Eanagil| 199047 H 31 H 1:00 26 1199 2
5L 1990 47 A 31 A 2:00 26.2 119.8] 2
Fanaatl] 1990 £ 7 A 31 [ 3:00 26.3 119.8) 2
Tisril 199057 31 H 4:00 26.4 119.7] 2
F Al 1990 7H 31 H 5:00 26.5 1196 2
F 4l 1990 7 531 H 6:00 26.5 1194 2
A4 1990 #£ 7 B 31 H 7:00 26.7 119.8] 2
Fayagi b 199047 531 8 8:00 26.9 119.7] 2
Ea il 19904£ 7 A 31 H 9:00 27 119.9] 3
T4 1990 £ 7 A 31 A 10:00 27.2 119.7] 6
FA43IL 1990 £ 7 A 31 H 11:00 27.3 119.5| 6




[ 9. 2001 4E 7 H 29 [ 127 % 167 G/ NS0 LB s i Es
Fig. 9. The hourly echo chart at RCWF from 1200UTC to 1600UTC 29 July 2001.

MEAN FLOW!

[ 10. 2001 £ 7 F 30 [ 0000UTC 700/500/300 5 iESFH5 0 B
Fig. 10. The 700/500/300 hPa mean flow streamline at 0000UTC 30 July 2001.
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5 E-«b-\‘%fif,"ép Priei

B 11.2001 £ 7 A 29 { 1400UTC ~ 1700UTC ~ 2200UTC £ 2300UTC ZHRES K

E R S R R R 53 A ‘
Fig. 11. The hourly pressure analysis from surface stations of CWB at 1400UTC, 1700UTC,

2200UTC and 2300UTC 29 July 2001.



I

12,2001 4£ 7 H 29 H 1400UTC ~ 1700UTC ~ 2200UTC J; 2300UTC 7 chl s Rh
TG 3 /)N i T S B B e 3 i
Fig. 12. The 3-h pressure change from surface stations of CWB at 1400UTC, 1700UTC,
2200UTC and 2300UTC 29 July 2001.
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Fig. 13.The hourly pressure of stations 46699.46761, 46759.46777, and 46757,
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Fig. 14. The hourly pressure of station Gipo
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Tables. The meteorological summary of CWB’s station during typhoon Toraji’s passage.

il 2k i fE (hpa) %% [ sk A BLig (m/s) B KA (m/s) A% K & (mm) 7k 48 F (mum)

4 | ML) | BUR | Ad | SFRL) | Bt | BlE | BRIL) | EReR0) |+ o4 sReRL)| K F 6 Rl 48 iE(L)
&1L 999.5| 30/13:47; 32.3] 170] 30/06:04] 21.6 110  30/04:40 0.0 - - - - -
% 99570 30/11:06] 249 160] 30/08:19] 11.8 130 30/08:25 4.0; 30/09:22 2.0) 30/10:09] 23.0] 28/11:10~31/14:35
Eor 1366.8) 30/09:05| 28.9 280 30/09:12] 152 180 30/09:18 5.6 30/18:37 2.21 30/23:22] 54.7]  29/13:30-31/00:42
T HRY 996.7| 30/08:15[ 15.9 40  30/07:35 4.5 340f 28/17:56 5.5 30/18:13 3.0 29/13:31] 495 29/13:35~30/22:20
£t 995.1| 30/08:30] 18.6] 250| 30/08:45 a4l 130 30/08:53 5.0 30/18:46 1.00 30/15:00[ 34.5 29/16:25~30/23:10
¥4 993.6| 30/03:19] 23.5 240 30/13:34] 10.9 30  30/02:49] 62.00 30/13:04 15.0] 30/13:28| 207.2 30/02:43~31/04:4'f
AE 995.2] 30/01:34] 27.8[ 3001 30/11:40[ 17.2] - 240 30/12:16] 111.5] 30/11:32]  27.5] 30/11:34] 462,51  30/00:20~31/06:30
il 995.0, 30/02:40| 18.8] 260 30/10:27 7.3 220 30/10:23 58.0] 30/10:03 14.00 30/10:20| 229.5, 30/00:47~31/01:50
8 H &+ 887.0 30/02:09| 31.5] 310 30/10:43| 12.8] 230] 30/10:01] 125.5) 30/07:40[ 29.5| 30/07:35| 338.9] 29/22:49~30/18:22
PR 1001.5| 29/17:14] 16.2{ 280 30/08:22 10.7, 270 30/08:22 0.5 30/05:53 0.3| 30/06:40f 2.1 30/05:30~31/00:30
£E8 1000.8| - 29/17:08] 21.4) 240{ 30/09:56| 17.3] 240 30/09:58 4.0 30/09:56 1.5 30710:02] 4.00 30/09:56~30/10:30
FTEL* 752.9] 30/02:38] 25.8] 280 30/07:02 8.9 300 30/03:27| 128.0] 30/07:14] 27.5 30/07:32| 757.0) 29/22:10~-30/18:40
A% 997.21 30/00:39| 23.2| 280 30/06:04{ 12.5| 260 30/05:56f 101.0] 30/06:51 29.50 30/07:19| 299.2| 28/15:20~31/13:30
HEARETS 999 4| 29/17:25| 18.4] 240| 30/06:20( 10.4] 260 30/02:55 7.5 30/09:16 3.5 30/09:19] 24.8] 29/08:30~31/15:03
oy i 9998 29/16:58] 16.5 29 30/01:29 9.71 270 30/01:42 1.5 30/00:30 1.0] 30/00:35 3.5 29/14:49~-30/03:05
15 A 9997  29/15:31| 17.4] 280 30/00:21 8.7 260 29/21:59 5.5 29/20:20 2.5 29/20:20| 13.5 28/16:10~30/02:20
A 9952 29/22:09) 13,5 270] 30/13:05 6.2] 200y 292341 6.0} 30/04:08 3.50 30/01:38 33,70 28/11:10~31/14:35
& & 991.5| 29/22:56] 19.6] 250] 30/02:11 89 200 30/00:38 9.51 29/17:00 3.5 29/17:44) 20.0] 29/15:40~30/10:10
mE 985.9] 30/00:05| 38.0" 240 30/00:25| 26.6] 210 30/00:55 7.5 29/21:55 2.5 29/22:44] 37.6) 29/00:30-~30/13:12
ik 995.6/ 30/05:30[ 24.7 40| 29/21:31] 187 160 30/05:58| 46.0| 30/04:50 13.0{ 30/05:22| 2100 29/10:45~30/15:40
7 996.7] 29/13:10| 37.4 80| 29/05:03] 26.7] 2501 29/22:14 27.0] 29/14:23 9.5] 29/15:35] 91.5]  28/21:06~30/02:48
L3 997.8| 30/07:25| 29.6] 220/ 30/08:.09 17.0/- 160 30/08.51] 10.5] 29/17:21 9.0[ 29/02:17] 75.00 29/02:15~30/02:10
TG 998.0f  30/12:56| 23.5 220 30/07.02 9.6 140 30/07:56 10.5] 29/14:30 4,00 29/15:201 32.20  29/02:48~30/20:10

EIFEENBSLREN  RARBRREANGEEAR
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15. The total rainfalls of all CWRB’s weather stations during typhoon Toraji’s
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Fig. 16. The accumulated rainfalls over Taiwan area for the period from 00LST 29, Juiy to
QOLST 31, July 2001. )
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Fig. 17. The hourly mean wind speed of stations 46699.46761, 46759.46777, and 46757.
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Fig. 18. The true track and 24-h forecast tracks for typhoon Toraji by PGTW. RITD and

CWDB at i200GMT 29 July 2001.
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Table 6. Error of selective track-forecast techniques for typhoon Toraji  24-HOUR MEAN FORECAST

CLIP

cws

TF3S

EBM

iTURA

PGTW

RITD

BCGZ

VHHH

RPMM

ERROR(KM).
CLIP CWB
12 96
9% 0
12 % 4] 70
68 27 10l o
6 96 7 66
192 96 209 142
50107 6 70
172 64 155 85
129 12 6%
131 35 131 62
12 9% 14 70
57 -38 53 -16
12 96 14 70
72 -4 77 7
PLOL0E 13 mn
64 37 68 -3
6 92 6 72
200 107 200 127
783 8 37
94 Il 100 42

TFSS

7209
209 0
6 231
155 -75
6 192
138 -33
7 209
33 -133
70209
70 -138
7 209
70 -138
21z
64 48
2 112
83 29

EBM

HURA

il4
-0

PGTW RITD BCGZ YHHH RPMM
A B
C D

A FAt XY ST IA (il 20
B A X ATEE ST 24 oM EE0

53 0

14 53 4 17

77 24 17 G

13 55 13 79 13 68

68 12 68 -1l 68 0
6 57 6 83 6 66 6 200
200 142 200 116 200 133 200 0
5 59 & o4 733 4 255 & 10

100 40 100 33 101 48 15 -179 100

# 7. hZ R RS E T RERRENE 48 /N AU R TRRF IR A= LR
Table 7. Error of selective track-forecast techniques for typhoon Toraji  48-HOUR MEAN FORECAST

CLIP

"CWB

TFSS

EBM

PGTW

RJTD

BCGZ

VHHH

CLIP :

TFSS

ERROR(KM)
CLIP CWB TFSS EBM
3 181
181 0
§ 181) 10| 140
135 46| 140] 0
4 187 5 135 5 250
214 27 250 134 256 O
30225 4 137 4 294 4
357 131 311 174 311 16 31!
8 181 $ 135 4 214 3
214 33 214 79 238 24 277
g 181 10 140 5 250 4
122 59 116 24 127 -122 124
7477 9 140 s 250 4
153 -24 166 25 174 -15 172
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Report on Typhoon TORAJI (0108 ) in 2001

Paul Tai-Kuang Chiou
Meteorological Satellite Center

Central Weather Bureau

ABSTRACT

Typhoon TORAIJI (0108) was the eighth typhoon in 2001 over the northwestern Pacific Ocean,
also thé sixth one that the Center Weather Bureau(CWB) issued warnings in the same year. TORAIJI
formed over the sea east of the Philippine islands at 0000UTC 27 July 2001 with intensity growing
rapidly and then moved westnorthwestward turning to northwestward toward eastern Taiwan.  When
it got more close to Taiwan, it turned to westward and the center landed on the south of Hualien.
Af'ter passing through the Central Mountain area and moving away from Hsinchu toward the Taiwan
Strait, it made a second landfall on Mainland China, and finally dissipated as a tropical depression
over land.

The observations showed that there were two peak gusts of 38.0m/s and 37.4m/s appeared at
Chengkung and Lanyu, respectively. QOwing to the effects of cloudbands of Toraji’s circulation and
the topography of Taiwan, two maximum accumulated rainfalls over 600mm occurred at the e.astem
and central mountains part of Taiwan during Toraji’s passage. Reports indicated that 103 people
were killed and 111people were wounded. Damage to agriculture was about NT§ 7.7 billion. The

24hr and 48hr official mean forecast errors of the CWB were 70km and 140km, respectively.
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Fig. 1 : The track of TS Nakri (0208).
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Table 1. The track positions, intensity and movement of TS NAKRI (0208).

B o) i B PORRE (#BHFE | BHEE |HFPoRAR R CEE
= UTC - HEL% )}d (&) - (km/hr) = ii/i’;_(mf’s)rlj - IELka)r -
B |8 | e ® Ty | wahd | ERH
7§ [21] 228 1187 990 NE 15 i8 25 80
7 9100 252 |119.1 690 NE 15 18 25 80
7 19 [ 06| 237 |1200 987 NE I3 8 25 80
719 (12| 242 1202 987 NE 13 18 25 80
71 9 |18 243 [ 1204 987 NE 13 18 25 30
7 (1000 246 | 1209 987 NE i3 18 25 80
7 10 | 06 | 249 | 1219 987 NE 13 18 25 80
7 110 [12 ] 251 | 123.1 987 E 13 18 25 80
7 [10] 18] 251 |[124.1 987 E 8 iE 25 80
7 [ 1100 | 250 [125.0 987 E 6 18 25 80
7 (11|06 253 1255 987 |ENE >NE 6 18 25 80
7 (1112 | 254 | 1260 990 |ENE—NE 6 18 25 80
7 [ 11 | I8 | 255 | 1265 990 |ENE—NE 6 18 25 80
7 12700 255 | 12638 990 NE 10 18 23 80
7 112 | 06| 261 |1268 990 N 15 20 28 80
711212 265 [1268 990 N 12 20 25 80
7 12 |18 | 276 | 126.7 590 N 21 20 28 80
7 (137 00| 286 [1266 990 N 21 20 28 80
7 15| 06| 303 | 12656 993 N 21 18 25 80
7 13 12 | 310 [ 1270 998 NNE 20 TD
+ 2. iR SRR AGE R
Table 2. Warnings issued by CWB for TS NAKRI(0208).
E RIF | B L) BR i i
ML AR IERRER LS #E B b i
HelE| 8 | 1| 7| 9|5 |50 5EEE - SEHES - dbEER %r&ﬂﬁ?ﬁ CEEC-EM-BL-&
- BiE
HEkE| 8 | 2| 7| 9| 8 |50 |5uBHERE - SRS - JLEER %ﬁﬁﬁgﬁﬁ “EE EM-wL-5
N by
dgkE| 8 [ 3] 7|9 | 11[45 S8 - B - JLELHEH ﬁ;mﬁ?@ “EE CEM-®l-H
- iR
(EkE| 8 | 4| 7|9 14|50 |&EHEEk - SRS - JLEE zj;?&ﬂ@;é\ﬁ*ﬁ “RBE-ZH &
- PEtE
WOREL 8 15 | 7| 9| 17145 SRR - SEFEES - JLEREE %zﬁﬂﬁ;ﬁ@ CEHE M -Bb-&
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delEl 8 | 7| 7 {9 (23|30 &8 - AEEIEE - LA E R LUL R ST &
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Table3. 3-hourly center location and the related intensity of TS NAKRI(0208).

= TR B el AR e | o |2 | s |
Wi | 2 | &1 @] W [EI|EE TR PR
0208 | WEZ3i | NAKRI [2002/07|08|21| EIRJAR | CB |22.80| 11860 | Poor |2.00]| 200 |0.00 | H:E 6
0208 | FEeTF] | NAKRI [ 2002]07]09| 00/ IR/EIR/VIS| CB |23.80] 118.70 | Poor [2.00] 2,00 | 4.50 | %4 6
0208 | BETEHT | NAKRI | 2002]07]09|03 [IR/EIR/VIS| CB |24.00| 119.10 | Poor 12.00] 2.00 [ 3.70 | i 6
0208 | BEELFT | NAKRI | 2002 [07|09{06 |[IR/EIR/VIS| CB [24.701 119.50 | Poor |2.00| 2.00 [ 540 | & 6
0208 | BEZEH] | NAKRI | 2002 (07|09 109 |IR/EIR/VIS| CB [25.60| 119.60 | Poor |2.00|2.00 | 440 | #548 6
0208 | BFEEF] | NAKRI | 2002 (0710912 EIRJAR | CB |26.10] 12020 | Poor |1.50| 1,50 | 3.60 | #B2 6
0208 | JESLY | NAKRI [2002]|07]09]15| EIRJAR | CB |26.20| 12060 | Poor |1.50] 1.50 | 3.80 | & 6
0208 | 4] | NAKRI [2002107/09(18| EIRJAR | CB [25.90] 121.10 | Poor {1.50| 1.50 | 4.10 | #5® 6
0208 | MREZHT | NAKRI [2002[07(09(21| EIR/JAR | CB [26.10/ 12120 | Poor [1.50| 1.50 | 3.50 | g 6
0208 | METZH] | NAKRI 2002 |07[10|00[IR/EIR/VIS| CB [26.16] 12120 | Poor [1.50[ 1.50 [ 330 | 48 6
0208 | HIEH] | NAKRD |2002{07]10|03 [IR/EIR/VIS! CB 126.00] 12120 | Poor |1.50] 1.50 | 3.90 | &% 6
0208 | JFSTHT | NAKRI {2002]07]10]06|IR/EIR/VIS| CB [25.70| 121.60 | Poor 11.30| 1.50 [ 5.70 | 3% 6
0208 | FESEFT] | NAKRI | 2002 (07110 [09[IR/EIR/VIS] CB [25.60] 12220 | Poor |1.50| 1.50 | 4.50 | i 6
0208 | #E5#T | NAKRI [2002]|0710]12| EIRAR | CB |25.60) 122.80 | Poor {1.50| 1.50 | 3.80 | Ji& 6
0208 | BEFEFT | NAKRL (2002107110113 EIRAR | CB |25.60; 12320 | Poor (150} 150 1380 ] Him €&
0208 | HF3EH] | NAKRI 12002 |07]10{18] EIRJAR | CB {25.50| 123.50 | Poor |1.30| 1.50 [4.50 | %4 6
0208 | 347 | NAKRI [2002107(10]|21| EIRAR | CB [25.40| 12390 | Poor |[1.50| 1.50 1350 | %8 6
0208 | 5237 | NAKRI {2002 (07|11 |00[IR/EIR/VIS! CB [25.10] 124.70 | Poor {1.50| 1.50 | 3.50 | 54 6
0208 | iR | NAKRI | 2002 (07| 10103 IRVEIR/VIST CB [25.10] 12520 | Poor L1300 150 1350 % 6
0208 | EF2F] [ NAKRIE (2002 [07|11]06|IR/EIR/VIS| CB [25.30] 12540 | Poor |1.50) 1.50 | 3.50 | {54 6
0208 | BFEEE] | NAKRI [ 2002 |07]11|09{IR/EIR/VIS| CB 2530 12580 | Poor [1.50 1.50 | 3.50 | 5@ 6
0208 | FZEHT | NAKRI |2002 [07]11]12] EIR/JAR | CB |25.30| 126.00 | Poor |1.30| 1.50 | 3.50 | & 6
0208 | 54 [ NAKRI [2002107 (1115 EIRJAR | CB [25.10| 126.50 | Poor {150 1.50 { 3.50 | 4% 6
0208 | #ETH] | NAKRI [2002(07(11]18| EIRAR | CB [25.10] 126.50 | Poor [1.50) 1.50 | 3.70 | §5if 6
0208 | BEEE#] | NAKRI [2002]|07|11121| EIR/JR | CB [25.10] 126.70 | Poor |1.50] 1.50 | 450 | §5i& 6
0208 | #RTH] | NAKRI | 2002 |07|12]00 [IR/EIR/VIS| CB [25.40] 126,70 | Faic [1.50| 1.50 | 0.00 | §548 6
0208 | #FZZH] | NAKRI | 2002 |07]12| 03 |IR/EIR/VIS| CB [25.60| 126.80 | Fair }2.00] 2.00 | 0.00 | 5§ 6
0208 | §FsE4i | NAKRI [2002|07112|06 [IR/EIR/VIS| CB 26,10 126.80 | Fair [2.00| 200|430 | =& 6
0208 | IBFZL#T | NAKRI (2002 |07{12|09{IR/EIR/VIS| CB |26.30[ 126.70 Fair |2.00|2.00 | 350 | 3E 6
0208 | #FsE] | NAKRI [2002|07]12]12| EIRAR | CB [26.40] 12670 | Fair |2.00]2.00 | 350 | 58 6
0208 | EETH] | NAKRI [2002]07(12{15| EIRJR | CB [26.70] 126.70 Fair [2.00]2.00 350 5% 6
0208 | #E3TH] | NAKRI |2002|07]12[18] EIRAR | CB [27.90] 126.60 | Fair |2.00| 2.00 {350 | g 6
0208 | @F3#] | NAKRI | 2002 (07]12(21] EIR/JR | CB [28.30| 126.60 Fair [2.00| 2.00 | 3.50 | & 6
0208 | #F=2#7 | NAKRI [ 2002 [07]13 |00{IR/EIR/VIS| CB [28.60| 126.60 Fair [2.00| 2.00 [ 3.50 | Epg 6
0208 | pza#] | NAKRI [ 2002 [07[13 |03 [IR/EIR/VIS| CB [29.70| 126.60 Fair [2.00{2.00 [ 3.50 | #i5% 6
0208 | BFEEF] | NAKRI | 2002 107]13 |06 |IR/EIR/VIS| ECP [30.30) 126.70 | Fair [1.50] 2,00 |3.70 | &5 6
0208 | HFEEHT | NAKRI {2002{07|13|09|IR/EIR/VIS| ECP [30.70| 126.80 | Fair |1.50| 2.00 | 3.90 | &5 6
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Table 4. Eye-fixes of TS NAKRI(0208) by RCWF and RCCG.

B (2) RCWF RCCG
A H : 1t | HE
07 | 08 | 23 2299 119.10
07 | 09 | 00 23.11] 11927

07 09 01 23.23] 11947

07 09 02 1. 2346} 11960

07 09 03 2359 119.77] 2383 119.93
07 09 04 23.66] 119.79] 23.83 119.95
07 0% 03 23.68) 11997 2392 120.15
07 09 06 24.96] 119.74] 23.85 120.05
07 0% 07 25.100 119.71] 23.93 120.05
07 09 08 24.00] 120.02| 23.97 120.05
07 09 09 24.22] 120.03] 23.98 120.02
07 09 10 24.39( 120.19] 24.00 120.08
07 09 11 24.42| 12029 24.15 120.28
07 09 12 24.56] 12040 24.15 120.30
07 09 13 24.55] 120270 24.18 120.30
07 09 14 24.58] 120.27] 24.27 120.30

07 09 15 24.58) 12027 24.33 120.30
07 1 09 16 24.58] 12027 2433 120.30

07 09 17 24.60 120.28| 24.33 120.30
07 09 18 24.62| 120.30] 24.33 120.40
07 09 19 24.60) 12035 2433 120.40
07 09 20 24.60] 120.47 — —
07 09 21 24.60] 120.53 — —
07 09 22 24.70; 120.60; 24.42 120.50
07 09 23 24.79] 120.66| -24.50 120.80
07 10 00 2485 12077 -1 - -
07 10 01 24911 120.93] 24.53 121.07
07 10 02 2499 121.11| 24.83 121.18
07 10 03 2494) 121.23) 2495 121.47
07 10 04 25.03] 12136/ 2502 121.58
07 10 05 25.05] 121.57] 25.12 121.70

07 10 06 25.13] 121.81| 252§ 122.00
07 10 07 2520 122.04

07 10 08 - 2526/ 122.18
07 10 09 25200 12244
07 10 10 25.02( 122.68
07 10 11 25.08{ 12286
07 i0 12 25.04] 123.14

07 10 13 25.09] 123.36
07 10 14 2511 12360
07 10 15 25.20] 123.90
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Fig. 2 : The satellite infrared imagery at 051 09 Jul. 2002.
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Fig. 3 : The ten-day (1-10 Jul. 2002) mean sea surface temperature (top) and anomalies
{bottom) over the Pacific area.
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Fig. 4a : The 500/700/850 hPa mean flow streamline at 0000UTC 0% Jul. 2002,
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Fig. 4b : The 300/300/700 hPa mean flow streamline at 00000UTC 09 Jul. 2002.
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Fig. 5 : Radar echo from RCCG at 17071 9™ Jul. 2002.
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Fig. 6 : Radar echo from RCCG at 05071 10" Jul. 2002.
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Fig. 7 : The infrared imagery from 0900Z to 10157 Jul. 2002.
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Fig.7a : The visible imagery at 1200L Jul.9, 2002.
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Fig.7b : The infrared imagery at 1200L Jul.9, 2002.
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Table 5. The meteorological summary of CWB’s stations during the passage of TS NAKRI (0208).
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(DEG) (DEG) (L) (L)

ELp £ 990.1 100406 | 19.7] 50/ 101223 | 124 20{ 101230 13.5| 091923 33.5| 091840 155.0| 090500-101900
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= 988.6| 100359 9.1 90| 101249 4.6 40! 101526 2.5 090647 40l 090855" 8.5] 090550-101915
L 988.9] 100412 9.0 40| 101541 5.4 40| 101246 1.0| 091024 2.0/ 091013 5.6/ 090550-100854
ek 989.3| 100459 6.7 360091135 47|  360| 091146 2.0/ 091135 - 6.8 091120 19.0| 090600-101855
R 089.81 100433 | 15.0] 130:091227| 13| 110! 091224 13.0] 091612 42.5 091546 99.4|  090550-101950
=4 990.0, 1003121 15.6| 100[ 091706 9.9 70| 091740 17.50 091722 68.0| 091641 253.5] 090550-102010
AR 992.0 100450 | 46.3 10{ 101414 | 20.6] 350| 101339 34.5 101302 186.0] 101200 649.1|  090505-102015
B 988.01 091324 | 19.2| 340} 091921 1.9 300] 092400 13.0] 090600 26.0| 090600 141.5]  090500-101740
RES 987.1,090707 |  22.2| 350091231 | 15.5| 160| 090603 2.5| 090654 10.5{ 100325 30.5| 090550102015
[l 991.6| 101610 32.6] 250/ 101358 23.9] 260| 101406 0.5/ 091807 0.5] 091807 0.5 090550-102015
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Table 6. 24-howr mean forecast etror (km) for TS NAKRI(Q208).
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Table7. 48-hour mean forecast error (km) for TS NAKRI0208).
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Report on TS NAKRI (0208) of 2002

Chiang, Wei-min

Weather Forecast Center, Central Weather Bureau

ABSTRACT

TS Nakri, the 8" TS over the northwest Pacific Ocean, was the first one that affected Taiwan in
2002. Since Nakri formed over the sea south of the Taiwan Strait, quite close to Taiwan, and moved
toward the Taiwan area, CWB issued sea and land warnings soon after its formation. Nakri remained
the maximun wind speed of 8 m/s while it showed quasi-stationary and looping and then its center
touched down the west coast of Taiwan around 0500L, 10 July. Nakri brought torrential rains in -
north”and northeast Taiwan, plus central and southern mountain areas. Reports indicated 2 people
killed, 1 missed and 10 wounded. But northern Taiwan was benefited from Nakri since 2-day heavy
rainfall released water shortages. The 24-hour mean forecast error of CWB for this typhoon was

107km, while 48-hour mean forecast error was 146km.
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