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A Study on the Nested Regional Spectral Model to the Weather
Prediction of the Eastern Asia

Fang-Chuan Lu', Jin-Dong Tsay’, Chi-Chang Liao', and Hann-Ming H. Juang?
1. Dept. of Applied Physics, CCIT/NDU, Taiwan, ROC
2. Weather Central, Weather Wing, CAF ROC
3. Climate Prediction Center, NCEP/NOAA, USA

ABSTRACT

The nonhydrostatic Mesoscale Spectral Model {(MSM) is embedded in the three-nested Regional
Spectral Model (RSM) to build up a four-nested spectral model. The model is applied to the weather
prediction of Eastern Asia. The cases of the cold surge outbreak in winter and the heavy rainfall
during the Mei-Yu season have been simulated to examine the model capability of prediction and the
performance of model downscaling in both hydrostatic and nonhydrostatic models. We have also
studied the evolution of the local circulation field and the prediction capability of quantitative
precipitation forecast in the hydrostatic model.

Application to the cases of the cold surge outbreak in winter and the heavy rainfall during the
Mei-Yu season has got pretty well forecast accuracy for the synoptic weather system. This suggests
that the use of the Central Weather Bureau Global Spectral Model initial and prognotic data for RSM
base field is a nice choice and the concept of model downscaling is suitable for applying large-scale
properties to predict the local weather systern. Qualitatively, the third module of RSM (RSMC) can
well simulate the synoptic scale weather system and predict the continuous precipitation effectively.
The nonhydrostatic MSM, on the other hand, can resolve the local circulation and predict the

evolution of precipitation in quantity.

Key words: Regional Spectral Model, Cold Surge, Mei-Yu, heavy rainfall.
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ERBRIERETEE - ABEE 0 a iR
0.15~0.40 - b 1E#/E 0.27-0.68 - BMERE > a
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% A BRvg i (solar altitude) - B AfB = E (solar
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Fig. 1. Relationship between celestial sphere and

sun’s coordinates
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Fig. 3. Regression analysis results of Tainan Station in agriculture-climate south west area.
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Fig. 4. Comparison trend of 10-days values of solar radiation measured and estimated from
eqs. {3), (5)-(10) and (30).



%— HS-HER, =R [a+ b(—%)] HAREE R R B

Table 1. Background data of radiation-duration relationship cited in this study

S L S HE ii\ ;zfg aHEREE| a | b 7;;?
Angstrom  |Stockholm(Sweden) 594° N 1924 A& July, 1922~ 10.25 0.75 3)
June, 1923
Penman Rothamsted(England) 51.8° N 1948 At - 0.18 0.55 %)
Black et al. |Batavia(Java) * Poona(India) ° 63" ~7.0° S» 1954 H3 1923~1951 023 | 0.48 6)
Honolulu(Hawaii) * Miami(USA) » Dry |18.5° ~64.8° N ' (0.19 | (0.280
Creek(Australia) » Toronto(Canada) t l
Versailles(France) » 0.40} |0.613)
Wahnsdorf(Germany) »
Fairbanks(Alaska)...etc » 32 locations
FAQ 7 A M - 1977 B - 0.25 0.50 (N
1984
1998
ICID R & - 1994 B - _10.25 0.50 {7
BRE AGBE(EH) 23° N 1979 | A3t 1967~1977 [0.2745 |1.0665 | (8)
FEHAE |EHEE(ER) 23° N 1982 | A3t | 1974~1980 [0.1853 (0.6153 | (9)
WHEBF |EAHE(EHA) 23° N 1987 &3t 1979~1983 [0.2 0.43 (10)
A BEABE E-BHE-SEH(EH) 23° N 2002 ) 3t 1950~1999 (0.2003 [0.4135 | (30)
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Table 2. Analysis results of 10-days values of solar radiation measured and estimated from egs. (3),
' (5)-(10) and (30) :

fEH(E
@ ?;(%% AX | ERF | ARY | BERF Ff}:([)D& Black etal, { Penman | Angstrom
(2002) | (1987) | (1982) | (1979) (1998) {(1934) {1948) (1924)
1 77.86] 111.57] 114.63] 13942 230.27 137.55 129.61 128.13 175.83
2 68,710 102.59] 105.13] 125000 204.90[ 126.65 116.06 L15.36 158.46
3 67.07. 97.58 99.500 113.04 182.37] 120.77 113.03 105.22 144.81
4 77.68 111.43] 114.14] 135.13] 221.22| 137.59 129.30 124.82 171.48
5 70,06 9558 97.37 10954 176.08 118.37 11068  102.14 140.64
6 27.09 55.16 5543 54.30 82.53| 68.79 63.55 52.10 72.17
7 92.08 [28.71] i31.82] 155.87 255.01] 158.95 149.34 143.99 167.83
8 79500 123.57) 12629 14647 238.02] 152.77 143.26 135.80 186.72
9 119.85| 183.441 188.59 230.53] 381.3§ 226.09 213.14]  211.66 290.40
10 99.68 14842 152.07] 180.44] 29557 183.24 172.23 166.58 228.83
11 109.64) 15926 163.34 19558 321.34) 196.53 134.8 180.26 247.52
12 79.35( 118300 120.31] 133.20] 212.85 146.62 136.90 124.61 171.67
13 105.61} 149.73] 153.200 179.67 293.11] 184.98 173.66 166.23 228.46
14 109.56] 157.39 161210 190.69 312.01] 194.36 182.62 176.14 242.0
15 12290 162.48) 166.12] 19339 314.71 200.82 188.39 179.18 246.33
16 132,03| 172.87 177400 21340 351.18 213.27 200.73 196.51 269.79
17 63.07) 111.57] 113.10] 121,35 191.60] 138.51 128.96 114.24 157.60
18 146.71| 192.86] 198.36] 243.38 403.14] 237.64 224.13] 223.31 306.34
19 83.35] 12348 125.61] 13940 222.96 153.03 14291 130.35| 179.57
20 90.16] 134.29] 136.96| 155.85 251.57 166.19. _155.5 145.03 199.5
21 103.07] 161.14) 164.77) 192.000 312.54] 199.16 186.86 177.86) 244.50
22 96.61[ 148.80] 15225 178.54| 291.26] 183.84 172,59 165.19 227.03
23 110.72| 160.03] 164.09] 196.07] 321.93; 197.50 185.76 180.78 248.26
24 87.09 136.32| 138.941 157.100 253.01] 168.77 157.88 146.37, 201.47
25 102,44 151.74) 155,57 185.700 304.79 187.28 176.13 171.25 235.18
26 11348 163.67] 168.19] 204.88] 338.551 201.76 190.14 188.23 258.29
27 117.50) 170.87 175.88] 217.34] 360.83] 210.45 198.63 199.16 273.13
28 110.04 159.08 163.65] 201.25 333.60[ 195.9§ 184.88  184.58 253.18
29 89.91) 120.77] 123.62| 145521 237.70] 149.17 140.09 134.54 184.88
30 81.26| 117,58 120.16] 139.25 226.24| 145.37 136.31 129.13 177.56
31 7131 96.25 9822 11246 181921 119.07 111.52 104.52 143.80
32 71.00; 59.83| 102.121 11943 194.65 123.35 115.77 110.55] 151.96
33 6744 101.86] 10436 123.80 202.78] 125.76 118.200 114.30, 157.01
34 73.520 112.620 115721 140.91l 23282 138.83 130.83 129.47 177.66
35 48.25] 7344 74.68 82.65  132.05 91.02 84.98 77.32 106.53
36 78.85 115.63] 118.70] 143,25 23598 142.62 13428  131.83 180.97
Mean Bias Error
MBE 41.260  44.36 68.09] 168.28) 72.17 62.29 56.18 110.92
RMSE ' ‘
(MJ/m*/10days) 4235 45.56 70.721  174.83] 7391 63.85 58.26 114.64
Correlation R* ... 0.949  0.950 0.951 0.948  0.948 0.950 0.9& 0.953
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Applicatibn of the Radiation Term in the Penman-Monteith
Equation for Estimating Evapotranspiration \

Huang, Cheng-Chang  Sung, Yi-Lun

Agricultural Engineering Research Center

ABSTRACT

- Evapotranspiration (also named as reference crop water requirement) is one of the most
important hydrology parameters for water resource planning and utilization. Among the
evapotranspiration estimations, the Penman-Monteith equation is the only one widely used in the
world and recommended by the International Committee of Irrigation and Drainage and Food and
Agriculture Organization, U.N.

Owing to various estimations of evapotranspiration applied by many researchers in the past years,
local parameters of these estimations were often developed in their specific environment, and need to
be calibrated with special climatic and agronomic conditions in Taiwan. The parameters in the
radiation term, a & b, in the Penman-Monteith equation were analyzed by theoretically derived
equations using 10-days interval in Tainan- the most representative of agricultural production area.

Three indexes, R2, MBE, and RMSE were used to identify the results of the estimating model
developed in this study, compared with equations by Angstrom, Penman, Black et al., FAO & ICID,
Tang, Huang et al,, and Shih et al. The results indicated that R2 is about 0.95 for all models and the
MBE and RMSE indexes of this study were lower than other models. In other words, the parameters,
a=0.2003, b=0.4135, can be used in the radiation term of Penman-Monteith equation in Taiwan.

Key words: evapotranspiration, solar radiation, sunshine duration
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Table2. The three most frequently chosen predictors from the first three predictors selected in the monthly
statistical multiple linear regression equations of New LAFS MOS.
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Table3. The three most frequently chosen predictors from the first three predictors selected in the monthly

ple linear regression equations of New LAFS PP,
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A Study on the Seasonal Division by Analyzing the Predictors Selected
by the Probability of Precipitation Statistical Forecast Guidance

Huei Min Wang
Meteorological Research & Development Center

Central Weather Bureau

ABSTRACT

This study énalyzes the three most frequently chosen predictors from the first three selected
predictors in the monthly statistical multiple linear regression equations of the Ceniral Weather
Bureau LAFS(Limited Areal Forecast System)mode! based MOS(Moedel Output Statistics) and
Perfect Prog and then makes tables to group those months whose predictors have the highest similarity
in the same season, It is found that the two most frequently chosen predictors are the 1000 -~ 500 hPa
mean relative humidity and the 700 hPa relative humidity from the regression equations of LAFS
MOS and LAFS PP. This reveals that the moisture under mid - level plays a very important role on
the influence of precipitation. In terms of the seasonal division, December through April and May
through July are grouped in the same season, respectively, for that the monthly predictors have the
highest similarity with cach other in all scasons. August and September are in the same season but the
similarity is the second high in predictors. Even though October and November are in the same season,

the predictors in similarity are obviously lower than the prior three seasons.

Key words: Perfect Prog, Model Output Statistics, Predictor.
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No Date Origin time Loeation Depth L Mg
Long. Lat. (km)
1 1978/07/23 14:42:38.18 121.33 22.35 6.10 7.40 7.4
2 1983/05/10 00:15:03.77 121.51 24.46 1.23 6.00 9.4
3 1985/06/12 17:22:50.84 122.19 24.57 331 6.09 5.8
4 1986/01/16 13:04:31.97 121.96 24.76 10.22 6.09 5.9
5 1986/05/20 05:25:49.58 121.59 24.08 15.82 6.10 6.3
6 1586/07/30 11:31:47.53 i21.79 24,63 1.55 5.82 0.6
7 1986/11/14 21:20:04.52 121.83 23.99 15.00 6.80 7.8
3 1991/03/12 06:04:06.14 120.07 23.25 12.26 5.67 5.3
9 1993/12/15 21:49:43.10 120.52 2321 12.50 5.70 5.2
10 1994/06/05 01:09:30.09 121.84 24.46 5.30 6.20 6.5
11 1995/06/25 06:59:07.09 121.67 24.61 39.88 6.50 b7
12 1996/09/05 23:42:07.88 121.37 22.00 14.76 7.07 6.6
13 1998/07/17 04:51:14.96 120.66 23.50 2.80 6.20 5.4
14 1999/10/22 02:18:56.90 120.42 2352 16.59 6.40 5.6
15 2000/05/17 03:25:46.62 121.10 '24.19 9.74 5.59 5.3
16 2000/06/10 18:23:29.45 121.11 23.90 16.20 6.70 6.2
17 2000/07/28 20:28:07.72 120.93 23.41 7.40 6.10 5.6
18 2001/06/14 02:35:25.78 121.93 24.42 17.29 6.30 5.6
19 2002/05/15 03:46:05.91 121.87 24.65 8.52 6.20 6.2
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days for
No aftershock b-value (s.e.) p-value (s.e.}
sequence
1 80 0.90 (0.03) 1.17 (0.06)
2 80 1.08 (0.03) 0.81 (0.04)
3 40 0.95 (0.03) 0.69 (0.04)
4 60 1.08 (0.03) 0.77 (0.03)
5 80 0.86 (0.01) 0.52 (0.06)
6 40 1.07 (0.02) 1.06 (0.05)
7 120 0.99 (0.01) 0.84 (0.02)
8 60 0.95 (0.02) 0.84 (0.05)
9 40 0.73 (0.02) 0.95 (0.02)
10 120 1.01 (0.02) 0.89 (0.07)
11 120 0.98 (0.02) 0.88 (0.02)
12 60 1.07 (0.02) 1.06 (0.04) .
13 60 0.85 (0.02) 0.93 (0.04)
14 80 0.74 (0.01) 0.72 (0.04)
15 25 0.69 (0.02) 0.72 (0.05)
16 80 0.86 (0.01) 0.87 (0.03)
17 40 0.89 (0.01) 0.99 (0.04)
18 40 0.95 (0.02) 0.74 (0.07)
19 60 0.85 (0.01) 0.80 (0.03)
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A Study on Characteristics of Aftershock Sequences
in Taiwan area

1 2
Guey-Kuen Yu and Hsin-Chiang Liang
1.Department of Civil Engineering, Van-Nung Institute of Technology.

2.Department of Earth Science, National Central University.

ABSTRACT

The aftershock sequences of 19 shallow earthquakes with moderate- to large-size, located within
the island or at the eastern near off-shore of Taiwan from 1973 to 2001, are investigated. The
seismicity (b-value) and decay rate (p-value) of aftershocks are estimated for each sequence. The
results show that the location of mainshock with high b and p values of the aftershock sequence is
related to the area of high heat flow. For the earthquakes located within the island and at the
northeastern near off-shore of Taiwan, there is only slightly positive correlation between the b- and
p-values in this study. However, if these earthquakes are separated into two groups based on the
location of the Central Range, we find that the aftershock sequences of the earthquakes located at the
eastern side of the Central Range have higher positive correlation between the b- and p-values than
those at the western side. This result may correlate to the plate subduction in the northeastern Taiwan.
Furthermore, correlations of the b-value and p-value versus to the magnitude of mainshock are small

positive too.

Key words ! shallow earthquake, seismicity, decay rate.
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Table 1. The best-track position, intensity, and movement of typhoon SINLAKU.

s e | TBENTT | TRENE AN EEY AR
5 | BE | 8F [OR ,
wro | N | B |mwen| (B | B s PER | S0k | SOk | G
degree | Km/hr m/s km km

082906 | 182 155.0 998 NW 13 18 25 100 - R,
082912 1 18.7 155.0 995 NW 13 20 28 100 - R,
082918 | 195 154.7 995 NW ] 20 28 100 - SRR,
083000 | 20.6 154.0 985 NW 19 25 33 150. - ERRFRGT,
083006 i 21.5 153.5 980 NW 19 28 s 150 - AR,
083012 | 223 152.6 | 980 WNW 18 28 35 150 - R RS
083018 | 23.0 1516 975 WNW 20 30 38 250 - TR,
083100 | 234 150.8 965 WNW 20 35 45 280 80 | REFmJE
083106 | 23.7 149.7 955 w 20 40 50 280 80 | hEFRA
083112 | 237 1487 | ° 955 W 19 40 50 280 80 | ERE
083118 | 239 147.9 955 w 19 40 50 280 30 | PEEREE
090100 | 24.0 146.8 955 W 19 40 50 280 80 | HERSE
090106 | 24.1 1457 955 W 20 40 50 280 80 | PEERE,
090112 | 242 144.5 955 w 20 40 50 280 80 | TEEEsE
090118 | 243 1432 955 W 20 40 50 280 80 [tHEFRIR,
090200 | 24.3 1418 950 W 24 43 53 300 100 | ERER
090206 | 244 140.4 950 W 24 43 53 300 100 | hERE
090212 | 244 139.1 950 W 24 43 53 300 100 | HEERE
090218 | 24.5 137.7 955 W 24 40 50 300 100 | PREREIE
090300 | 24.8 1363 955 W 24 40 50 300 100 [HERE
090306 | 252 134.9 955 W 24 40 50 300 100 | RERE
090312 | 255 133.2 955 w 24 40 50 300 100 | EEEEE
090318 | 25.6 132.0 955 w 20 40 50 300 100 |shEERgE
090400 | 259 130.7 955 W 20 40 50 300 100 | PRERSR,
090406 | 25.9 129.5 955 W 15 40 50 300 100 | FERE
090412 | 26.1 128.5 955 W 15 40 50 300 100 | FEEHEE,
090418 | 263 1274 955 W 13 40 50 300 100 | PERE
090500 | 264 126.8 955 w 13 40 50 300 100 | hERE
090506 | 26.5 126.1 055 W 11 40 50 300 100 |REEREE
090512 | 265 125.8 955 W 11 40 50 300 100 | HEEBER
090518 | 263 125.3 955 w li 40 50 300 100 | FEEE
090600 | 262 125.0 955 W 11 40 50 300 100 | EERSE
090606 | 262 124.6 955 W 11 40 50 300 100 | RS,
090612 | 26.2 124.4 955 W 10 40 50 300 100 [ PEFRSA,
090618 | 26.4 123.8 955 W 15 40 50 300 100 |[TFERRE
090700 | 26.7 122.9 955 W 18 40 50 300 100 |chErRSE,
090706 | 27.1 122.6 960 W 23 38 48 250 80 | FEER
000712 | 271 120.5 970 W 23 33 43 220 50 | PEEREE
090718 | 272 119.2 980 W 23 28 3 180 - 1R G R,
090800 | 280 1173 1000 w 13 T.D.
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Table 2. Warnings issued by CWB for typhoon SINLAKU.

XIEF | B &5 i [ 19 e
B ®R|B ||| & E e i

16 |01 | 4 | 5 |15 |J68F - HILER - SR ' I
16 |02 | 4 | 8 | 10 |4b#6 - HEEER - HESHGEHE R
16 |03 4 | 11|10 [{b#B - BILES - SHEERHEHE PR
16| 04| 4 | 1415 686 - HALH - HETER il
16 (05| 4 | 17|20 JbEF - SALER - HEGHREE R
16 | 06 | 4 |20 | 10 [45&8 - SELEE » HEBREE R
16 | 07 | 4 |23 | 15 |4626 - SHALER - SHEIERNS T R
16 |08 | 5 | 2 |30 |[dk#6 - HieEs - mEEEREE o
16 |09 | 5| 5 |15 |dgigedb®l - JEEE - SEERIEE B - SRREEIIEE R
16| 10| 5 | 8 | 10.|3dbEE - AL5E ~ HERER EIE - HERHEMIE s
16 [ 11 5 {118] 30 |vgugedbEB « ALEE - AR HiE - HRREEREUGE R EE
16 [ 12| 5 |148| 30 |#FgALER ~ ALER - HERERE B - ERREEIIESE R
16 {13 | 5 |178! 55 iy b= ~ JEER « HEREE I - ERREEMALEE hE
16 | 14| 5 |208; 20 |fBigdLEE - d6ER ~ REEE HiE - EREERLUESE HE
16 |15 | 5.|238) 15 i AbER - LR - HEL R EHEE i - EREERLAEE B
16 | 16| 6 | 2 |55 |¥ldbRl ~ ALHE - HEB R EIRIEE TEE L R i AL o EE
16 | 17| 6 | 5 |35 |gigedbdh ~ Jb38 - FIE R EEEm . TEE LR EIEEAESE )i
16 | 181 6 | 8 | 20 |kl - JbER - HE R ESE TEHELAL R R LU i
16| 191 6 | 11| 20 |digdbER ~ dLER - HER ERIEE TEHLUE - B LUE R B HE
16 |20 | 6 |14 | 30 |HgigdbdF ~ JLEE - HER R EEER TEH#LIE - R AL R B o
16 | 21| 6 | 17 | 15 |Hgedbdp « JE3E - 3EFE B FEnE HE TEHELUE - EiR LR EEE o
16 |22 | 6 |20 40 |¥glEAEER - J6ER - HE RS EHME {EHLL - FRLGULERESES | PE
16 |23 | 6 |23} 20 |¥ledbs - JLEF - R SBER TELL  EHLULREEES | E
16 124 7 | 2 |30 g - J6ED - W R SRR TEELIL - BB REEES | bE
16 1251 7 1 5 | 40 igigudbdf - JEER - BRESRE SN TeELUL - R e ESF 2alic]
16 |26 | 7 20 ¥R ALED - dLER - WIS RS ENEE ToELE - EBLULRESES | BE
16127 7 [11]30 |¥idbEl - 4087 - EEREEER TeHlL - FiRLE RS ES R
16 (28 | 7 | 14| 15 [Welcdban - JL8E - AL RSERE | - FrLULREN R
16|29 | 7 | 17|20 |dgle bl - L3 - HAKRSERE  |BRSFMLUL A
16 | 30| 7 |20 | 10 |4bER - LI R BIHEH Bl FEE
16 | 31| 7 | 23| 20 [JkEE R ERAIGE il I
16 | 32| 8 | 2 |30 [HbEf R BT i HE
16 [33] 8 | 5 |50 (&K
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Table 3. The meteorological summary of CWB’s stations during the passage of typhoon SINLAKU.

Ak R{ERE({P) R I R L (m/s) A B (m/s) Al K & (mm) kiR (m/s)

P Sl BEFRA B | EA i B | B Sl 48 | RS | NS | BSTEERES B B
HE 9954 /1232 215 240 07/07.45 12.8] 230 07/08:36 8.5 05/07.44 U5 05/07:43 517 05I07:43~07/20:00
ik 996.2| 0%14:39 19.00 310 07202 8.5 250 0711:20 15 06/05:49 16.0}  0700:36 1217 05/05:15~07/17:12
bt 996.5] 07/15:.01 18.11 280 07/11.23 9.6 250 07/11:31 501 0540705 1.0 070041 75.6] 05/05:15~06/24:00
i 998.4| 07/14:46 17.2 110 06/09:04 0.3 340 06/08:42 10.5¢  05/06:10 364 070316 360.5]  05/05:00-07/17:.05
IR 139677 07/12:11 271 010 06/12:57 17.1] 350 06/12:59 9.0t 07/03:48 3400 070314 2335 05/05:15-0717:36 .
T 998.3| 07/14:50 14.5] 260 07/13:11 7.5] 210 07/12:4] 3.0 060526 5.0 O0H04:.02 2831 05/05:15-07/18:10
=) 1000.4] 07/14:46 16.3] 080 05/18:06 6.7 010 05/19:00 1.4]  06/12:4% 1.7]  06/12:40 241 06/12:40~07/9:40
faiE 10004 01604 166 0L0 05/14:31 11.8] 0I0 05/15:28 1.0]  05/10:38 1.5 05/10:15 2.5 05/10:15~06/06:30
H H & 1424.8] 0¥/14:46 89 310 06/21:08 450 290 06/21:22 0.1 062317 0.2 0703:10 0.3]  06/23:17~07/9:50
s 1000.3] OW15:16 12.1 040 06/12:16 6.5 050 06/18:17 30| 05/14:25 3.2 05/14:25 6.2|  05/12:05~05/15:10
Fey B Ly 30495 07/02:14 14.3] 280 06/20:09 621 310 700107 L0 05/15:50 15[ 05/15:50 2.0 05/15:50~07/05:40
Eil* 3080.6] 07/04:08 23.8] 050 06/23:22 18.2] 210 08/05:50 0.3  07/06:06 070 07/03:10 2.0]  05/16:00~07/07:00
=) 1000.8| 07/02:32 18.1 350 06/14:00 94| 360 06/16:19 T} 06/09:30 T 06/9:30 T 05/05:15~08/00:15
i 998.3] 07/02:27 15.9 360 06/14:29 8.1] 340 06/09:23 0 - 0 - 0.0 -

& 9983 07/03:47 20,5 020 06/13:09 720 340 06/09:11 {0 - 0 - 0.0 -
A 995,21 07/12:43 10.7] 280 07/09:28 5.1 200 08/0X:55 Q 0 - 00 -
= 994.4| OM14:09 6.6 060 06/14:26 3560 0N 06/14:22 0 - 0 0.0 -
BRI 993.3] 06/17:23 119 260 06/00:23 6.5 (40 06/13:46 0 - 0 - 0.0 -
TETE 995.8[ 0715:00 5.6 240 05/07:38 47 230 05/07:47 03] 06/23:30 0.50 06/23:30 10| 06/23:30~07/02:10
i 996.8| 0715:06 214 330 06/03:46 9.8 270 06/20:45 7.5 05/08:41 8.0 05/7:54 37.0[ 05/06:55~07/09:45
HE 995,5] 07/12:33 21.3 360 06/14:51 12.8] 330 06/14:46 700 05/08:45 1251 05/08:40 43.9]  05/07:40~07/15:30
AR 989.9| 07/05:16 432 260 07/08:13 33.3] 250 0710815 2.6)  07/00:35 9.5 0M105:20 101,70 05/05:15~08/05:50
i 1000.9] Q7/14:26 1L6[ 080 05/16:45 6.21 010 05/15:45 0 - {0 - 0.0 -
REE 1000.81 07/14:58 154 020 06/14:31 10.7; 010 06/15:22 201 05/08:00 20 05/08:00 2,01  05/8:00~05/08:15
[t 09541 Q071228 362 270 | Q224 232 260 07/12:28 0 - 0 . 0.0 -

= ¥ - R,
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Table 4. 24-hour mean error (km) of selective track-forecast techniques for typhoon SINLAKU.

CLIP
CwWB
TFS8
EBM
HURA
PGTW
RITD

VHHH

= 5.

CLIP
CWB
TFSS

EBM

PGTW

RITD

CLIP
28
133
28
96
13
77
8
140
27
120
28
37
28
81
3
272

133

[33
=31
305
.33

CwWB
36 94
94| 0
1796
88 7
1275

150 74
34 0
135 42
36 9
68 -25
36 94
87" 7
3 164
272 107

TFSS

i7
88
11
159
16
131
17
70
17
90
2
351

83

96
62
88
42
88
-18
88

t
74
277

EBM

12 150
150 0
12150
124 25
12150
62 -87
12150
90 -59
0 1]

0 ¢

CLIP — thiv @ S i SR = TR -

CWB—rREZF/E HERE -

TFSS — h it @R RIRE 2 HEEE S -
HURA - TRE R EH EBEA -

HURA PGTW

34 135

135 0
34135 36
66 -68 68
34 135 36
87 -48 87
2 2 3
157 64 272

RJTD VHHH
A B
C D

A FFR X LY HIHEMHTH A

B 27 Xl 1 BTk 24 /NP TR E(KM)
CHRY il BTG A 24 NEFREYSG7E(KM)

B AR Y GEIHTIELL X Bl BT R I CM)

[

0
68 EL
18 87 0

83 3 125 3272
188 272 146 272 0

PGTW — RH 7 FHHH -

RITD— H A2 EHHTHE -

EBM — rivsh iR 52 e fE i TERE TR RN =, -
VHHH — F# 2 L T -

A TTRETE S F HRTER RS 2 48 /NG R i R T R Ll
Table 5. 48-hour mean error (km) of selective track-forecast techniques for typhoon SINLAKU.

CLIP

24
333
24
§55
11
164
8
312
23
309
24
94
24
151

333
0
333
-177
327
-162
303

322
-12
333
-238
333
-181

CWB

32

148

148

0

13
155
12
298
30
359
32
111
32
140

159

-3
135
162
144
2t4
143
-37
148

-7

TF5S

13
i55
11
309
14
340
15
116
15
144

155

£50
159
161
179
153
-38
155
-11

EBM

12 298
298 0
12298
379 8l
12298
103 -194
12 298
122 -175

CLIP— g £ fa L TSR =, -
CWB - iR B EE ATHEE -
TESS ~ kiR B EUL AT B =, -

EBM — th @ S IE BB TR =, -

HURA PGTW

30 339
359 0
30 359 32
10% -250 111
30 359 32

40 -218 140

RITD
A B
C 3]

A e X B Y TR R 7R

B #m X G EFHIR 752 48 NRFEHTIE(KM)
CH#m Y il LT A2 48 /NF IR E(KM)

D &R Y SHFHDTIEER X @i RS SRR (KM)

111

0
1 32 B0
29 140 1]

HURA — s REBRHHTERER
PGTW — 850 L #ITHR -
RITD— HZ&Z FHEHEE -

| VHEH— B AR -
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Figl. The best track of typhoon SINLAKU(0216).
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Fig2. The surface chart at 0000UTC August 30 of 2002.
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Fig3. The surface chart at 0000UTC August 31 of 2002.
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Figd. The surface chart at 0000UTC September 2 of 2002.
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5. 2002 £ 9 H 2 H 0000UTC 500 HiHEE S E
FigS. The 500 hPa chart of 0000UTC September 2 of 2002.

B 6. 200249 H 1 H 1200 UTC 500/700/850 EMHE9R IR
Figh. The streamline analysis of mean flow (500/700/850 hPa) at
1200UTC September 1 of 2002,



7. 200249 H 4 H 0000UTC HiE X R [El
Fig7. The surface chart at 0000UTC September 4 of 2002.
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8. 200249 H 4 H 0000UTC 500 HiHRMETTE

Fig§. The streamline analysis of 500 hPa at 0000UTC September 4
of 2002.
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Fig9.

2002 ££ 9 F 4 H 1200UTC L SMF 1 E ZHE
The satellite infrared imagery at 1200UTC September 4 of
2002,
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10. 20024 9 A 6 H 0000UTC HiE xR &
Figl0. The surface chart at 0000 UTC September 6 of 2002.



11. 200259 B 6 H 0000 UTC 500 HiHEERE
Figl1l. The 500 hPa chart of 0000UTC September ¢ of 2002.

12. 2002 ££ 9 B 6 @ 0000UTC 500/700/850 BT - HilEl
Figi2. The streamline analysis of mean flow (500/700/850 hPa) at
0000 UTC September 6 of 2002.



13. 2002 £ 9 H 6 H 0000UTC fL4/MAHEEE
Figl3. The satellite infrared imagery at 0000UTC September 6 of
2002,
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Figl4. The satellite infrared imagery at 0000UTC September 7 of
2002.
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Figl5. The peak gust at CWB stations during typhoon SINLAKU 's passage.
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The accumulated precipitation at CWB stations during typhoon SINLAKU 's passage.
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Report on Typhoon SINLAKU in 2002

Hsin-chin Hsu

Weather Forecast Center, Central Weather Bureau

ABSTRACT
Typhoon SINLAKU {0216) formed as the 16th one of 2002 in the Pacific Ocean. It was
originally developed into a tropical storm over the southwestern ocean of Wake island, them moved
westerly after strengthening as a typhoon, and almost maintained this track till landing at the
Mainland China.

The observation showed that there was a peak gust of 43.2m/s at Pengchiayu during this
typhoon’s passage. Because its positions were keeping aways from Taiwan at about 200km, the
heavy accumulated precipitation only occured at the north mountain area of Tatwan .  The maximum
rainfall of 360.5mm was observed at CWB’s Chutzehu Weather Station.

The 24-hr and 48-hr official forecast errors by CWB were 94km and 148km respectively.
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Table 1: Summary of tropical storms and typhoons occurrence in Western North Pacific since 1947.
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Table2: Summary of Tropical storms/typhoons information for the Western North Pacific Ocean in 2002.
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Fig.1. Monthly number and percentage of Western North Pacific Ocean tropical

storms/typhoons in 2002.
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Fig.2. Comparison of the number of tropical storms/typhoons of 2002 and the

55-year average.
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Table3. Summary of life time of tropical storms

/typhoons of 2002.
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Fig3 : Annual tropical storms/typhoons occurrence for 2002.
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Table 4 : Summary of Tropical storm/typhoon warnings issued by CWB in 2002.
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Table5A. 24hr track forecast errors for tropical
storm Nakri and typhoon Rammasun and
Sinlaku of 2002.

BeE AL TR [HES THERRZE(E
(cases) (km)
EEH 26 122
RTEF] 15 107
FEE 36 94
Mg 77 106

% 5B. 2002 £ RE R [HFEHHEIHE R 48
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Table5B. 48hr track forecast errors for tropical
storm Nakri and typhoon Rammasun and

Sinlaku of 2002.
HEE 418 S TR ZEE
(cases) (km)
ERE 22 270
IR TEF] 4 146
T, 32 148
TR 58 194
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Fig5 : Tropical storm/typhoon track of Jan. 2002.
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Fig7 : Tropical storm/typhoon track of May 2002.
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Fig8 : Tropical storm/typhoon tracks of June 2002.
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Figl1 : Tropical storm/typhoon tracks of Sep. 2002
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Figl2 : Tropical storm/typhoon tracks of Oct. 2002
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2002 Annual Western North Pacific Ocean
Tropical Storm/Typhoon Report

Wei-min Chiang

Central Weather Bureau

ABSTRACT
There were a total of 26 tropical storms/typhoons in 2002, which includes 11 tropical storms and
15 typhoons. The first tropical storm occurred on 12 Jan.2002. The Central Weather Bureau issued
a sea warning on Typhoon Rammasun and land warnings on the other two(Nakri, Sinlaku). The
center of Nakri made landfall on the west coast of Taiwan. Although Nakri and Sinlaku ever brought
heavy rainfall to Taiwan, there was no major damage reported. On the contrary, Taiwan benefited

from these two tropical storms since their heavy rainfall released water shortage.
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A Study of Response Spectral Ratio in West-Central Taiwan

Tian-Pau Chang', Guey-Kuen Yu’> and Feng-Jiao Liu'

ABSTRACT

In this paper, the accelerograms recorded by the network of Taiwan Strong Motion Instrumentation
Program of the Central Weather Bureau are used to analyze the characteristics of the response spectral
ratios. The data consists of 9 earthquakes with M >15.3 which occurred in Taiwan area between
1995 and 1999.

Firstly, we classify the station sites into three types based on both the spectral ratio of horizontal to
vertical components(H/V) and geological data, from hardness to softness, called type A, B and C,
respectively. Then, we investigate the differences of H/V spectral shape among three types of site. The
results show that the H/V spectral shape to the specific site calculated from different events is very similar;
also the site classification results obtained by H/V method are compatible with the geological data.

For any event, the dominant frequency of H/V spectral ratio decrease gradually with the site type
from A — B —>C, but the dominant amplification factor is increased. For Chi-Chi mainshock, both the

dominant frequency and amplification factor are lower than those of any othér event.

Key words: response spectral ratio, site classification, Chi-Chi mainshock
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Table 2. Normalized seasonal MAE value of
Tmax/Tmin for all seasons in Taiwan.

BENFH | & = i " %
1202 | 0304 | 0506 | 0709 | 1011

B
&| P | 083 | 085 | 065 | 073 | 057
&
#W| mos | 058 | 053 | 055 | 066 | 045

PP 0.65 0.49 0.74 0.76 0.38

EEERME

MOS 062 | 042 0.64 0.70 0.38

TR - 9L LAFS PP (B ; HpLIE -
UERARME  BRAHE - PP EAE -
RE/ERE TR IR ERBIRIT B
R IRERE - HHRERRENL &
F  NIREREENREE -



R= - EE/RREFVTHREEREER
IR B UGE LR -

Table 3. Tmax/Tmin seasonal MAE, Bias, and
LR..
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Table 4. Correlation coefficients of Tmax PP and
MOS model forecasts vs. Tmax Obs..
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Table 5. Correlation coefficients of Tmin PP and
MOS model forecasts vs. Tmin Obs..
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Table 6. Relative ratios of Standard deviation of
Tmax PP and MOS model forecasts vs.
Obs. Std..
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Table 7. Relative ratios of Standard deviation of
Tmin PP and MOS model forecasts vs.
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Statistical Forecast Guidance Analyses
of Daily Maximum/Minimum Temperature
During December 2000 — November 2001

Twen — Wen Lo and Jong — Gong Chemn
Research and Development Center

Central Weather Bureau

ABSTRACT

Both LAFS(Limited Area Forecast System) PP(Perfect prog.) and LAFS MOS(Model Output
Statistics) schemes were employed to daily forecast guidance of daily maximum/minimum
temperatures in CWB(Central Weather Bureau) on December 1, 2000. According to the analyses of
forecast results, MOS scheme has superior forecasting accuracy than both PP and PP(EC) schemes.
Except the summer season, which was fully occupied by cold bias for all cases, warm bias was
detected for the rest seasons’ MOS forecast analyses; however, in the cases of maximum temperature
of PP scheme were dominated by cold bias in most seasons, but warm bias appeared as the major
pattern in the cases of minimum temperature.

The Central Mountains plays the major factor in effecting the differences of geographic
distribution. Cases of maximum temperature for the summer year (mei-yu and summer seasons) in
both PP and MOS schemes were distributed from larger forecast error in the central mountain area
toward lower error areas for both eastern and western coastal regions of Taiwan. During the winter
year, the features of geographic distribution were decreasing from the larger forecast error area in
north-to-central west part of Taiwan to the eastern and the southern parts. In most of the cases, the
MOS forecast LR. (Improvement Rates) are positive; however, a large portion of negative LR. in cases
of the minimum temperature in fall and winter seasons located in the central portion of Taiwan. The
result shows that the MOS scheme failed to reduce the systematic error which caused by NWP
forecast,

Both PP and MOS daily forecast errors for three different forecast periods were examined in 5
CWRB stations, which are surrounding the Taiwan region. In the analyses of winter minimum and
summer maximum temperatures cases, the deficiency of poor simulation of severe weather systems of
LAFS NWP model was approved, such as the frontal system and Siberia High out break invasion in

winter and the track and intensity of typhoons, which were near or invaded Taiwan. A better MOS

B -



forecast improvement will be expected until the proper simulations of severe weather systems near or

invading the Taiwan area have been modified.

Key words: statistical forecast, MOS
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Table 2. Normalized seasonal MAE value of
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Table 4. Correlation coefficients of Tmax PP and
MOS model forecasts vs. Tmax Obs..
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Table 5. Correlation coefficients of Tmin PP and
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Statistical Forecast Guidance Analyses
of Daily Maximum/Minimum Temperature
During December 2000 — November 2001

Twen — Wen Lo and Jonq — Gong Chern
Research and Development Center

Central Weather Bureau

ABSTRACT

Both LAFS(Limited Area Forecast System) PP(Perfect prog.) and LAFS MOS(Model Output
Statistics) schemes were employed to daily forecast guidance of daily maximum/minimum
temperatures in CWB(Central Weather Bureau) on December 1, 2000.  According to the analyses of
forecast results, MOS scheme has superior forecasting accuracy than both PP and PP(EC) schemes.
Except the summer season, which was fully occupied by cold bias for all cases, warm bias was
detected for the rest seasons’ MOS forecast analyses; however, in the cases of maximum temperature
of PP scheme were dominated by cold bias in most seasons, but warm bias appeared as the major
pattern in the cases of minimum temperature. ‘

The Central Mountains plays the major factor in effecting the differences of geographic
distribution. Cases of maximum temperature for the summer year (mei-yu and summer seasons) in
both PP and MOS schemes were distributed from larger forecast error in the central mountain area
toward lower error areas for both eastern and western coastal regions of Taiwan. During the winter
year, the features of geographic distribution were decreasing from the larger forecast error area in
north-to-central west part of Taiwan to the eastern and the southern parts. In most of the cases, the
MOS forecast LR. (Improvement Rates) are positive; however, a large portion of negative L.R. in cases
of the minimum temperature in fall and winter seasons located in the central portion of Taiwan. The
result shows that the MOS scheme failed to reduce the systematic error which caused by NWP
forecast. ‘

Both PP and MOS daily forecast errors for three different forecast periods were examined in 5
CWB stations, which are surrounding the Taiwan region. In the analyses of winter minimum and
summer maximum temperatures cases, the deficiency of poor simulation of severe weather systems of
LAFS NWP model was approved, such as the frontal system and Siberia High out break invasion in

winter and the track and intensity of typhoons, which were near or invaded Taiwan. A better MOS



forecast improvement will be expected unti! the proper simulations of severe weather systems near or

invading the Taiwan area have been modified.

Key words: statistical forecast, MOS
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Fig 1. The distribution of 296 autoraingages stations of the Central

"~ Weather Bureau on space in the period of 1997 - 2002.Spots
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Fig 9. (a)~(d) The distribution of the seasonal mean intensity of rainfall for single autoraingage station
that its value great than the seasonal mean intensity(value on the right side of the figure, the unit is
mm) based on the data of all the autoraingage stations over the province at 08 - 10 ~11 - 13~14 -
16 ~ 17 - 19 LST respectively in the warm season daytime.(a) 08 - 10 LST ~ (b) 11-13 LST ~
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A Study on the Characteristics of Precipitation Amount
for 3 - h period over Taiwan

Huei Min Wang
Meteorological Research & Development Center

Central Weather Bureau

ABSTRACT

This paper uses all-of the hourly rainfall data of 296 autoraingage stations of the Central Weather
Bureau over Taiwan in the period of 1997 - 2002. After error checking and kicking out some of the
anomalous hourly rainfall data, the monthly mean and standard deviation were calculated based on the
accumulated precipitation amount for 3-h period of all the autoraingage stations over Taiwan and their
distribution on the time series and space were analyzed as follows:

The analysis on the time series distribution: According to the characteristics on the distribution
of the monthly mean and standard deviation of rainfall, they can be grouped into warm season(May -
October) and cool season (November - April). The seasonal mean and standard deviation in the warm
season are two times greater than those in the cool season. It indicates that the seasonal mean intensity
and variation of rainfall in the warm season are greater than those in the cool season. In the
nighttime(20 - 07 LST ), the strongest mean intensity of rainfall is happened at 05 - 07 LST in both
warm and cool seasons. In the daytime(08 - 19 LST ), the strongest mean intensity of rainfall is
happened at 14 - 16 LST in the warm season but happened at 08 - 10 LST in the cool season.

The analysis on the space distribution: The intensity and variation of rainfall are stronger in the
regions around mountain and have the peak at 14 - 16 LST. It reveals,that the solar heating and

topography effect play an important role in the violent rainfall events in the daytirﬁe of warm season

Key words: Monthly Mean, Seasonal Mean, Standard Deviation.
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Table 2 Same as table 1 » except for July through September.,
HEH | SR e HRBT | o
=
00 UTC 120TC
BB
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Table 5 Same as table 1 » except for March through April.
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Table 6 The comparison of monthly skill scores of new and old MOS in the period of July 2003 through

June 2004,
=153 7 8 9 10 11 12 1. 2 3 4 5 6
B 5
B
New_MOS 118 | 6.8 4.2 7.9 4.7 12.2 | 17.2 | 21.8 | 4.7 9.7 03 | 148
0Old_MOS 9.6 7.9 0.8 6.1 0.7 10.8 [ 131 | 11.3 | -1.8 132 | 9.8 | 14.7
F-b HER MOS HERR MOS EIRMR SR E I« kb -
Table 7 The improvement ratio in seasons of new MOS over old MOS in different years.
Hiz 79 H 10-11 H 122 H 34 H 56 H
e
4
2000 £ 13.94% -2.28% 1.75% 1.58% 14.86%
2003 THE2004 6H 24.6% 85.29% 48.41% 26.32% 208.16%




A Review and Improvements on the Probability of
Precipitation(PoP) of Statistical Forecast Guidance

Huei Min Wang
Research and Development Center

Central Weather Bureau

ABSTRACT

In this study, the original MOS (ModeI.Output Statistics) has been modified in three ways: 1.Instead
of using four grid points surrounding a surface station of LAFS model outputs as the predictors, the
revised MOS uses the interpolation of four grids to the station. 2. In the statistical multiple linear
regression, the later selected predictor will be dropped when the correlation coefficient in predictors is
greater than a threshold value. 3. To replace the predictors used in the original MOS from 24-h + 36-h and
48-h projections of LAFS model for every 12-h period forecast of PoP at initial time 00 UTC and 12 UTC
with all the projections of 12-h~24-h~36-h and 48-h of model outputs. Both the revised and original MOS
used of the same year (2000) data for varied forecasting experiments to obtain the optimum statistical
forecast guidance and then operational parallel forecasting was made to compare with each other.

The comparison with the original MOS for the period of July 2003 through June 2004 finds that the
monthly skill scores of revised MOS are higher than those of the original one except in August 2003 and
April 2004. It reveals that the revised MOS is obviously superior in the performance of forecasting, The
monthly mean skill score of revised MOS is 9.67,and the original one is 6.32. The improvement ratio of

the revised MOS is 53%.

Key words: Predictor + Skill score.
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FE » W max EE 20 mm - (2) #d R BEH



& (runoff)» A7k R BERE(R=F-P)-
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=p(q,(Tg)-q,) p-C,u,

ﬂ - W% .max

(3) KehryayEss (F,) TRAHREE
HIBFIRE (q,(Tg) ) AEAREEERIE
B (q,) BIEERE @ BIMEREEERE

(u. ) HRTRHEERFE (C,) fiE
EREE (p) BREERENET -

() HhRERE EE

HeR G 12 R 26 g 1S Chen et
al. (1996) #E4E Mahrt and Pan { 1984 ) Z£RERY
e R EEEUATET - R T EEEW
FE (Pan and Mahrt 1987) R iEiitia
[E%# (Noilhan and Planton 1989; Jacquemin
and Noithan 1990 ) -

IBMELATRT - HREYEERE

(canopy layer) B =& +3/E - ZEHIERH
EETFR 005 AR095 ARK AR +HE
FURRER (2 4R HFB0E - BHEH
Al HEREE - 7R T EY AR e Y
HUIR SR AR B R 1 AR5 - o
B TR ARE T R R TR
RERE T E & AKEF ( volumetric soil
moisture fraction ) » fLAMEFRIEYISKE @ #hiFk
R R BN E R I PO TR -

HofiR B EE 2% Mahrt and Ek

(1984) BYJ5%E » FURMRIE(LATHFREE BT
R - ER TEARE—FRENEE
RIE i LR RO BT -

oT. ¢ oT,
) —L=—| k{6 )~
C( ’)53‘ 53({( ’)&J

Hibc s+ #ung® Gm K> £,

B HEREEGEH (W K p TR
figatE LR EALE] (0 ) ME - Bt (4)
ARV TBASERME 753 AR - BARE
Ik pE R R R S -

& IR B R TSR BB H R R
Darcy’s Law ( Hanks and Ashcrofi 1986 ) LI F%
KA FETaH

dz,-aig—‘=— [%) -K,—Et, —Edir—-R +P,
ot oz J,
..................................................... (5)
&, %% =D(@] _D[-B-QJ + K, - K, - £t,
ot ez J, oz /.,
..................................................... (6)
a6, a6
v (5)-2 K:-Ks (7)

(5)~(6) 1 (7) iy D BEME KR
8 (m'/s) BEUIE RS RECEE - K
By 7k BE{EEARBY (hydraulic conductivity » m/s ) »
TS AR EEE - b EERIEN
AR HE SR (0 ) BRREARIERIER
o TE1(2:3) 58— (2 Z) 1%
B - 10 (5) 1 (6) Hphy Er IEAIREBEY
IREBEEBAYZRELERS (transpiration ) » £ BLHE]
RMARERMBHEERE 1 470 FLUAFES
—FIS g ErvE - (5) R Edir Btk
THERER > RBSHE (runoff) - P, H]
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Ay KL ZRSIETE - REREE I EANEE
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FERR % g + 3SR T IS E e
AT PR HRREREKENER B4
BERE T EYESNEE  FiptREARN
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Evap = Edir + Ec + Et
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(evaporation ) » R Bettsetal. (1993) AYiH]
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point ) - +EEIES /KB HE SR ER - K
Sy e SR E S fE RS » BRE LAk
EREES /KRR » 2B (transpiration ) {FF
HH 1L - SRR R PRI Ak (R
HRAREHY > Bl —iRi T - 1Sk EEE
BRI TE 2 BBE A/ 1 SRR
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(8) Rezurbss s Ee pEyRE
K43 AEE 2% reevaporation ) #2188 Noilhan and
Planton (1989 ) F1 Jacquemin and Noilhan

(1990) &z FAHFHRE *

Ec:Gf-Ep-(H;"}

Hp W, Bt bR kSR S BiEw L
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0.5 - W, 3t (P FEmAEE
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oW,
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(8) AR S E = B R EHYMR ST
EER/k 3 ZERLER (transpiration ) » HY 2R
E

Er=afE,,BL_[1 —(pg) J e (12)

oo B, BintBHR % (canopy resistance)
frFSE (Ek and Mahrt 1991 ) :

e (11

=0'fP—D—Ec

1+ —
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F R Bk and Mahet  (1991)« R iEearH
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Rcm%ﬂl’“ﬂx-‘_f
F =Ll
1+ f

R
f=0.55—gi ....... (14)
R, LAl
F,= }
1+36.4(q (T,)~4q,)

F, =1-0.0016(T,, - T,)’

2 97’ - ew )dzz'
F,=> (
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Hep R, o B/ NEEREFURERE (stomatal
resistance ) » LAl B ETE (leaf area
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index )~ H{H 752 Chen et al. ( 1996 ) BIERE °
BF2-F F, ~F, RFEHEMAONI
2 S RIFRR AR REREEDLE TR -~ HiEz=
RIEE - hEEREE L ERENEE £
1 F, g iaBI 2 BGE 27924 Noilhan and
Planton ( 1989 ) K Jacquemin and Noilhan
(1990); F, ByEHHI2% Xueetal. (1996) -
R ST AR A e (R AR B S S TR

(evaporation ) ZH R I HYERENE AR

( reevapotration ) K f& 7 1R ¥ By Z& &

(transpiration) {FR] » FRLURFEMRBEEELL

P HIMTER2FSEHATRR - HRFR
EAHERRGLER 285880 RoETIfut
i LIE] R SRR B R R BRI DU R S 3 LI 4
ZER ., FIRRRHRER T8RN

( evapotranspiration ) ## = 5 fEZRRAVE —7K
ﬁ o

= EBiHER
(—) ABRIIGERERBHECE
W EER T ArEREEE 1987 £87 FIFE
( First ISLSCP Field Experiment ) ‘5% ( Sellers

et al. 1992) » EHEGHEBEAY (Kansas) BEEL7
Eh3905N K 96.53 W EESERAERE
FIERENE—EE (15 km*15 km) P#y 10 {&
PAM ( portable automated mesonet ) ERHIGLEAYE
Iy B 19876 H 1 HE 10 A 16
H - HEER 30 48 (Betts and Ball 1993 )«
REH TR R BB RN FRTE R E -
FRLAARERHITER (forcing ) SE2R#HHIEE
it EIEIHE 10m REARAERS - BES -
AL - NERABROHESEE 55
HEFE AL FIR FE R 10cm AT S0cm FE R 1 HEIRL
BETERAISAE - BRI - SRR
T M ] B EE B (sensible heat flux) ~ {E#H
2 (latent heat flux ) Fz#tE#GE R ( ground heat
flux) FEREREF -

TR B EEEE 1987 6 A 1

HBgeESZE 10 B 16 H » B4 THERIE S
HIE R EERE R 30 78 B BERAERA
KA 2 HBEIR 4 - PRl R
& TR A AR BRIRAY R E - FEa
SR E RS - ARER BRI E AR S —E
AR LR R ERER » AR
MIRETEH - #E 7 PR R RSN
# > Pl H kRIS B R -

FEEAN R E R EAEEESEE
iR A Ba T - AREHAERTR
%5 TERESERL 6 B | HERHZRE
ERTEER 10 25F0 50 A5 iRATERRIE A
BERERLME (2.5 244, 525 244, 150
A4y LEE MER 3 AREMEERZE
Chen etal. (1996) L3 1987 fFiiE 10 22 AS
FEENBERE » HER 13.3°C - LBV
Fafl &7k ELFiB ki Betts and Ball (1993) &
Kim and Verma ( 1990 ) ZMpyEHu{g - EHi&H
BEHAEMNIT R 034 -

PR LB B B A D L I R
EYIRRRYEE 28 HAEIZ2%E Chenet al.
(1996): H& 1 - ‘

R 1. THRAYANRSRE

Seil parameters value
Soil porosity, m’m” 0.464
Saturation soil suction, m -0.62
Saturation hydraulic conductivity m s™ 7.1x10°
B 8.72
Field capacity, m°m~ 0.38
Wilting point, m’m” 0.11

Vegetation parameters

Minimum stomatal resistance R, sm™” 40

Roughness length, m 0.045
Parameter in F1, Ry 5000
Parameter, T 208
(=) BEERER

L 738
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ABSTRACT

Single column tests are performed in first stage. The parameterization of land surface process in the
Central Weather Bureau (CWB) operational GFS (Global Forecast System) is compared with a new
version from Oregon State University(OSU) model againét 5-month area-averaged observations over the
FIFE (First ISLSCP Field Experiment) area. From the evaporation comparisons, the operational version
tends to be dominated excessively by the prescribed climate layer. Though the new version seems to
overestimate during wet period and underestimate during dry period. Overall, the new version ably
simulates the long term variation much close to observations. '

In addition to the single column simulation, a set of data assimilation experiments using the full

three-dimension model with July and December of 2002 data are carried out. The impacts of land surface



process seem much apparent in summer cases (July). While compared with NCEP reanalysis2, the new
version seil model shows a good improvement in decreasing the overestimation of evaporation in desert
area and Tibet. In total average, the model evaporation is smaller when coupled with new version soil
model, and this results in the cooling in the atmosphere. Sensitivity tests show the importance of initial

soil moisture in applying a more complex multi-layer soil model.

Key words: Land Surface Process, single column test, soil moisture, evaporation
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Data Quality Checking for Metadata, Mean Daily Temperature and
Precipitation of Meteorological Stations in Taiwan Region.

Ching-An Chiu!, Po-Hsiung Lin® and Min-Ken Hsieh’
' Shei Pa National Park; Department of Forestry, National Chung Hsing University
% Department of Atmospheric Sciences, National Taiwan University

¥ Central Weather Bureau

ABSTRACT

Quality check of meteorological data is complicated, but it is necessary for research of weather and
climatic change. This article checked and filtered out from the 1,728 metearological stations in Taiwan
region. Through the 40m-resolution digital elevation model (DEM) and geographical information system
{GIS), 17.6% surveyed stations were deleted and tabulated for reference. We aimed at checking mean
daily temperature and precipitation of these remaining stations during 1960-2002, and designed four
procedures to perform: (1) merging data for the same station with different labels; (2) filtering out assured
bad data; (3) deleting no continuously changed data; and (4) examining data with the range between
upper and bottom limits of candidate-neighbor stations. As a result, 8.3% data was ﬁltered‘out, and only
877 (30.8%) stations which had precipitation data over 12-year qualified were remained. The results
revealed that all synoptic weather stations and most of the automatic raingauge stations maﬁaged by the
Central Weather Bureau have passed our checking procedures. The next study will interpolate these
qualified meteorological data into spatial-grid format with geostatistical method to create a reliable data

base for ecological research and other applications.

Keywords: meteorological data, metadata; temperature, precipitation, quality check
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Eaks Date Long. Lat, Depth Mag. Strike Dip Rake  Stations
™ gmwd  CB) (N km) M) ) () () Triggered
No.1 1995/02/23  121.687 24.204 217 538 il 85 75 64
No.2 1995/07/07  121.090 23.893 131 53 30 25 90 46
No.3 1998/07/17  120.662 23.503 28 62 45 30 110 42
No.4 1999/09/20  120.876 23.792 35 6.6 25 32 97 76
No.5 1999/09/22  121.047 23.826 156 6.8 13 25 124 58
No.6 1999/09/25  121.006 23.859 929 6.8 50 44 126 67
No.7 1999/09/20  121.028 23.926 11.0 6.4 303 49 65 72
No.8 1999/09/20  120.811 23.612 1.1 6.6 242 55 -158 62

Cﬁ_ghl 1999/69/20  120.815 23.853 8.0 7.3 5 34 65 74
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B B 25~55 42.1 55~75 73.0 25~75 54.8
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A X X . X
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C 57.5 65.8 62.7
A 39.5 X 39.5
No.6 B 2555 42.5 5570 58.3 25-70 50.8
C 472 58.7 54.8
A . 35.1 550 384
No.7 B 25~50 447 5065 54.5 25~65 49.8
C 46.0 55.3 51.6
A 32,6 X 32.6
No.8 B 25~55 41.1 55~80 702 25~80 59.5
C 443 65.9 55.1
Chi-Chi A 334 X 334
main B 20~40 27.6 40~60 443 20~60 36.7
shock C 330 46.1 41.5
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No.1 B 2.364+0.619 2.113+£0.734 2211 +£0.700
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A 2204+ 0392 X 2.204 + 0.392
No.2 B 2.024 +0.531 1.765 + 0.746 1.881 + 0.658
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FAER) B 2.605= 1.048 4.866 + 0.743 3.345+ 1.117
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A X X X

No.5 B 3.974 = 1.387 3.406 + 1.429 3.679+ 1.416
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A 4.074+2.847 4.74210.329 4.178+2.588
No.7 B 2,361 +0.433 2.517+0.719 2441+ 0.605
' C 233140421 2.672 +0.497 2.530+ 0.484
A 3,304+ 0.036 X 3.304 + 0036
No.8 B 3.169: 0.786 2.592+0.675 2.791 + 0.744
C 2.911+0.776 2.813+1.031 2.861 +0.912
Chi-Chi A 2951+ 0313 X 2.951+0.313
main B 2470+0.010 2.896 + 0.761 2.694 + (0.797
shock C 2.268 + 0.637 2.5851 0.669 2.467 + 0.666




The Characteristics of Strong Ground Motion Parameters
in Central Part of Taiwan

Tian-Pau Chang', Guey-Kuen Yu’ and Feng-Jiao Lin'

ABSTRACT |

The ground motion parameters v/a, d/v, and ad/”? are usually used as pointers to
the shape of response spectrum. In this paper, the accelerograms recorded by the
network of Taiwan Strong Motion Instruments of the Central Weather Bureau are used
to analyze the characteristics of these parameters. The data consists of 9 earthquakes
with My 25.3 which occurred in the area of Taiwan between 1995 and 1999.

The results indicate that both the parameters v/a and d/v are much related to the
response spectral shapes. The spectral shapes for events with greater magnitude,
shallower focus, and farther hypo-distance are predominant with long periods. They are
also accompanied with larger parameters. In the same event, the softer the site
conditions, the larger the parameters. For Chi-Chi mainshock, these two parameters are
larger than those of any other earthquake.

The parameters ad/v” lie between 2 and 4. No significant trends are found among
the events.

Keywords: response spectrum, ground motion parameter, Chi-Chi mainshock

'Nankai College, Nantou, Taiwan, ROC
*Vanung University, Chungli, Taiwan, ROC
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Table 1. The center positions, intensity, and movement of Typhoon Conson (best track).
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m/s m/s | km | km
060606 15.7 1184 598 23 18 I8 25 100
060612 159 118.5: 998 26 4 18 25 100
060618 16.2 118.6 998 18 6 18 25 100
060700 16.4 118.7 995 26 4 20 28 |--100
060706 16.7 118.8 992 360 8 23 30 150
060712 17.3 119.0 985 13 15 25 33 150
060718 18.1 119.2 985 13 15 25 33 150
060800 18.7 119.5 985 25 16 25 33 150
060806 19.5 119.6 982 360 14 28 35 150
060812 20.0 120.1 970 43 15 33 43 150 50
060818 20.5 120.6 970 43 10 33 43 150 50
060900 212 121.3 970 43 20 33 43 150 50
060906 22.3 122.6 970 47 33 33 43 150 50
060912 23.5 123.8 970 51 35 33 43 150 50
060918 24.8 124.9 970 4z 25 33 43 150 50
061000 25.8 126.1 970 47 27 33 ‘ 43 150 50
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061012 285 129.0 980 45 37 28 35 150 50
0610138 29.7 130.6 980 49 34 28 35 150 50
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Tabie 2. Warnings issued by CWB for Typhoon Conson.
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Fig. 1. The best track of Typhoon Conson (2004).
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Table 3 Center positions of Ty phoon Conson observed by the Satellite Center of CWB.
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Table 4 Center po

sitions of Typhoon Conson observed by the Doppler radar stations of CWB.

BFRE (UTC)

HERE (N

R0 (UTC)

FERE (N

) i . L
7 19 18,2 119.2 | & 21.2 121.4
20 18.3 1192 £ 4] 21.3 121.3
21 18.3 1183 AT 0 21.1 1215
22 184 119.5 T 1 21.3 216
23 18.3 119.6 e | 213 121.6
pad 0 i8.83 1196 - 1 213 i216 JEak
! 18.9 118.6 i 2 21.5 1218
2 19.0 119.6 wm 2 214 121.8 L i
3 i9.2 119.7 mT 2 216 1219 FLo¥Lil
4 19.2 119.7 BT 3 217 1220 T
5 19.3 119.7 e 3 216 122.0 LR
6 19.5 119.8 | 3 21.6 1219 Forill
7 19.6 119.8 g 4 218 122.7
7 10.8 1200 4245 4 219 1221
B 19.7 119.8 il 4 217 122.1
i 108 119.8 5 22.2 1224
9 19.7 119.8 5 22.1 122.4
G 19.4 119.3 5 2.0 122.2
10 19.8 1200 A 224 122.4
10 19.8 119.9 5 223 122.6
11 19.9 120.1 i) 224 122.5
11 1946 110.6 : 7 224 1228
12 20.0 120.2 e 7 22.6 [22.8
12 19.7 19.7 3 7 228 122.8
13 20.0 120.2 g 2.0 123.0
13 199 . 120.2 i 3 228 1229
|4 20.1 120.3 el 3 228 123.0
14 200 1203 i 9 23.1 123.2
15 20.2 1204 L 9 230 - 123.2
15 20.0 120.3 - 9 231 123.2
16 204 205 w/ 10 232 1234
i6 204 1204 Riig 10 23.1 1233
17 20.8 120.6 B 10 232 1234
17 204 1205 o il 234 1236
i8 20.6 120.6 B il 233 1235
18 204 120.6 i 1l 23.4 123.6
15 208 1207 T i2 2.6 123.8
19 205 1267 15 2 233 1238
0 20,7 1203 Y 12 6 1228
20 20.7 120.8 40 13 233 1240
21 20.8 1209 13 237 24.0
21 20.9 120.9 13 18 124.0
22 209 1214 14 24.0 1242
2 20.9 1230 4 239 1242
23 2140 1212 14 220 124.2
23 210 121.3 i3 242 174 4
23 20.9 1233 14 24.4 124.6 F v
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Table § Center positions of Typhoon Conson abserved by japan radar stations.
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i1 240 1242 . 7 213 1278
15 24.] 1243 " 8 21.5 1280
16 244 1245 " 9 277 1283
17 246 1247 " 10 279 178.5
18 248 124.9 1 282 1228 "
19 249 1253
20 25 1253
21 253 125.5
2 255 1253
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Fig. 2. Ten-day (1 to 10, June 2004) mean sea surface temperature (upper panel) and anomalies (lower
panei) over the Pacific Ocean.
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Fig. 3. The satellite visible imagery at (a) 0000 UTC 7, (b) 0000UTC &, (c) 0000UTC 9, and {d)

0000UTC 10 June 2004,
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Fig. 4. The 500 hPa geopotential height and wind vectors at (a) 0000 UTC 8, (b) 6000 UTC 9 June 2004
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Fig. 5. The 850/700/500 hPa mean flow streamlines at (a) 0000 UTC 8, (b) 0000 UTC 9 June 2004 an
the 700/500/300 hPa mean flow streamlines at (c) 0000 UTC 8, (d) 0000 UTC 9 June 2004.
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Fig. 6. (a) The route of GPS dropwindsonde observations and the observed winds on (b) 925 hPa, (¢} 500
hPa, and (d) 200 hPa for Typhoon Conson (2004) (Available from
http://typhoon2.as.ntu.edu.tw/DOTSTAR/home2 _chinese.htm).
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Fig. 7. Radar reflectivity from the Doppler radars
of CWB at 0000 UTC 9 June 2004.
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Teble 6 The meteorclogical elements surmmary of CWB stations doring Typhoon Conson affecting Tuiwan.
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Fig. 8. Hourly wind bars and mean sea level pressure at (a) 46762, (b) 47912, (c) 47918, and (d) 47927
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Fig. 9. The accumulated rainfall over Taiwan area
for the period of 1600 UTC 7 to 1600
UTC 9 June 2004.
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Fig.10. Time series of accumulated rainfall for
Don-Shan {filled circles), Mudan-Chi-
Shan (open circles), and Lon-Jian (cross
signs) from 1600 UTC 7 to 1600 UTC 9
June 2004.
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Table 7 The comparison of 24-h forecast posision errors(im) for Typhoon Censon.

CWB POTW RITD BaBI CLIP HURA JUNE TFS
[
CW3B 151 0
15 154 21 1%
PGTW 168 14 154 0 Lt e i ered
15 180 13 180 13 228 | L% km)
RITD 226 85 226 46 224 0 CReiyq IR (km)
16 154 416G 14 236 6 212 DERYEHE St Ry
BABI 212 58 192 23 230 -6 212 0
7151 18 189 15 22 16 212 19 1580
“CLIP 144 70 M5 0 24 185 WM 144 AR 150 o
13 152 m 13 235 12 229 4 153 14 107
HURA 105 47 113 66 105 130 105 124 107 46 107 O
16 153 14 173 13 226 15 24 17136 14147 i
JUNE 309 54 188 15 218 5 2 2Hm 33 212 105 2% 0
& 160 8§ 181 7 250 & 215 8 146 6 90 § I8 g 17
TFS 176 6 176 S S8 e 390 176 30 177 87170 -0 178 0
8 HEARE IR A T CWB R A i) 2 48/ NI YR T SR P L1
Table 8 The comparison of 48-h forecast position errors(km) for Typhoon Conson.
CWB PGTW RITD BABI CLIP HURA TUNE TES
131 394
CWR 304 4]
12 36l 17 3
PGTW 376 15 307 0
0 4N 9 453 1y 777
RITD 7iTO36 M2 1™ T )]
12 406 11 38 10 77 12 545
BARJ 345 139 827 138 B35 142 545 0
13 3% 13 374 10 T 12 s5 [§ 377
CLP 77 .17 3ab W3 425 .332 380 -165 377 [t}
g 443 3432 8 341 & 663 0 410 10 238
HURA 228 215 188 245 227 414 277 43 38 172 238 0
12 424 il 406 W T 11 58l 1339 i 23R i3 353
JUNE 552 128 325 119 40 137 592 1553 157 390 32 353 0
6 437 & 402 T2 6 524 & 3N 4179 § 474 6 454
TFS 434 HE A% 33 438 347 454 ) 454 82 3T 200 434 20 454 0
# 9 SRR R AR CWB B AR T2/ NI TR i
Table 9 The comparison of 72-h forecast position errorstkm) for Typhoon Censon.
CWEB PGTW RITD BABI CLIP HURA JUNE TFS
i B4
CWB Adl 0
g 694 13377
PGTW 541 -i53% 377 0
6 753 5 766 6 1492
RITD 1492 7137 1572 306 1492 ¢
8 646 7 599 6 1492 § 744
BAB]  Ta4 98 810 211 882 L300 T4l G
9 541 g 490 &5 1492 § 744 [ EE
CLIP 726 85 688 189 W2 7 699 45 T30 Y
398 5 Ti6 4 1729 4 1184 6 749 & 646
HURA 326 -380 526 210 571 -1158 571 612 646 -10% 446 4]
3 £33 T 3%2 6 1882 787 g 764 6 046 G Bb4
JUNE 808 120 852 260 G634 _55) 8ss 48 891 130 1132 488 w04 £
E - H 4 469 3 1344 4 671 4 03 2 394 4 733, 4 8
TES B0 259 820 351 M7 827 220 149 B2 117 594 O 8 %7 80 )
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Fig. 11. The forecast tracks of (a) CWB, (b} TFS, (c) RITD, and (d) PGTW for Typhoon Conson (2004).
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Report on Typhoon Conson (0404) of 2004

Guo-Ji Jian

Weather Forecast Center, Central Weather Bureau

ABSTRACT

Typhoon Conson was the fourth tropical cyclone in 2004 to form over the western North Pacific
Ocean. It was the first one that the Central Weather Bureau (CWB) issued the typhoon warnings of the
year. Conson organized into a tropical storm at 0600 UTC 6 June as it located about 200 km‘ west of
Luzon. The storm moved toward the north-northeast and intensified on 7 June. During the next day (8
June), this north-northeasterly heading changed to northeasterly as a middle level trough began to build
over southeastern China. Meanwhile, Conson further strengthened and reached its maximum. intensity at
1200 UTC 8 June with an estimated maximum sustained wind of 33 m/s near its center and a central sca
level pressure of 970 hPa. After passing through the sea southeast of Taiwan and ishigaki-jima, the storm
transformed into an extratropical cyclone over Japan at 1200 UTC 11 June.

Conson was a small typhoon that brought heavy rains to northeastern Taiwan. The maximum
accumulated rainfail of 282.0 mm was observed at the Don-Shan station during its passage over the sea
southeast of Taiwan. Furthermore, a peak gust of 52.3 m/s was observed at the Lanyu station. Verification
results of typhoon track showed that the 24 hr, 48 hr, and 72 hr official forecast errors of CWB were 151
km, 394 km, and 64! km, respectively. There were no reports of damage or casualties associated with

Typhoon Conson.
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Table 1. The best-track positions, intensity and movement of typhoon AERE .

B | g | g [TORESEE s AR BETE
(UTC) (wPa) | degree | Kmvhr | TS\ @ s |30kts kin | SO0kt km
082000 | 137 | 1354 | 998 18 25 150
082006 | 15.1 | 1360 | 995 2 28 18 25 150
082012 | 157 | 1354 | 992 | 313 27 23 30 150
082018 | 168 | 1346 | 990 | 327 24 23 30 150
082100 | 174 | 1340 985 316 15 25 33 150
082106 | 182 | 1329 | 980 | 304 23 28 35 150 50
082112 | 190 | 131.8 | 980 | 308 24 28 35 150 50
082118 | 196 | 1307 | 975 | 300 22 30 38 150 50
082200 | 202 | 12098 | 975 | 306 18 30 18 150 50
082206 | 209 | 1290 | 975 313 19 30 38 150 50
082212 | 216 | 1279 | 970 | 302 24 33 43 200 50
082218 | 222 | 1271 | 970 | 309 18 33 43 200 50
082300 | 228 | 1262 | 970 | 306 19 33 43 200 50
082306 | 233 | 1253 | 970 | 294 19 33 43 200 50
082312 | 236 | 1249 | 965 | 333 8 35 45 200 | 50
082318 | 245 | 1244 | 965 | 336 19 35 45 200 50
082400 | 249 | 1240 | 965 | 332 12 35 45 200 50
082406 | 253 | 123.6 | 965 318 10 35 45 200 50
082412 | . 255 | 1230 | 960 | 292 11 38 48 200 50
082418 | 255 | 1220 | 960 | 277 17 38 48 200 50
082500 | 254 | 1214 | 960 | 260 10 38 48 200 50
082506 | 255 | 1203 | 960 | 276 19 38 48 200 | 50
082512 | 250 | 1190 | 970 | 248 24 33 43 200 50
082518 | 243 | 1181 | 975 | 235 19 30 38 200 50
082600 | 239 | 1172 | 982 | 239 18 25 33 150
082606 | 238 | 1165 | 990 | 256 13 18 | 25 150
082612 | 240 | 1160 | 992 | 303 10 15 23
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Table 2. Warnings issued by CWB for typhoon AERE
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Figd The variation of the minimum pressure and maximum wind speed of typhoon AERE
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Table 3 Eye-fixes for typhoon AERE by the Satellite Center of CWB 7
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BRUTC | wioke | #EwEr | en BRUC) | FLhE | mEEE | on
B | ® %8 [ @E | 1 [ Cl | vemr |[H | B mm [ @® | T | Cl | WEER
19 2323 13.4 135.4 2.0 2.0 POOR 24 0325 249 123.9 4.0 4.0 FAIR
20 0223 14.7 136.5 2.5 2.5 POOR 0413 25.0 123.8 4.0 4.0 FAIR

0523 14,7 | 1365 25 2.5 POOR 0449 25.1 1237 | 4.0 4.0 FAIR
(823 15.4 135.8 2.5 2.5 POOR 0525 25.2 123.6 4.5 4.5 FAIR
1123 16.1 135.3 2.5 2.5 POOR 0625 25.2 123.6 4.5 4.5 FAIR
1523 16.6 135.0 25 2.5 POOR 0725 253 123.5 4.5 4.5 FAIR
1723 17.0 3 1346 | 3.0 3.0 POOR 0825 252 1234 | 45 4.5 FAIR
2023 17.3 134.5 3.0 3.0 POOR 0925 253 1233 4.5 4.5 FAIR
2325 17.6 134.0 3.0 3.0 POOR 1013 25.3 123.2 4.5 4.5 FAIR
21 0223 17.9 133.5 3.5 3.5 FAIR 1049 254 123.2 4.5 4.5 FAIR
0525 18.2 132.8 35 35 FAIR 1125 254 1231 45 45 FAIR
0823 18.5 132.4 3.5 3.5 FAIR 1525 25.5 122.3 4.3 4.5 FAIR
1123 19.1 131.7 3.5 3.5 FAIR 1613 255 122.1 4.5 4.5 FAIR
1523 19.4 131.0 3.5 3.5 FAIR 1625 25.5 122.1 4.5 4.5 FAIR
1723 19.6 130.6 3.5 3.5 FAIR 1649 25.5 122.1 4.5 4.5 FAIR
2023 19.7 130.2 35 3.5 FAIR 1725 255 122.0 4.5 4.5 FAIR
2323 200 | 1299 | 35 35 FAIR 1825 254 | 1219 | 4.0 4.5 FAIR
22 0223 20.5 129.6 3.5 3.5 FAIR 1925 25.4 121.9 4.0 4.5 FAIR
0525 20.9 129.0 4.0 4.0 FAIR 2025 254 121.8 4.0 4.5 FAIR
0823 215 128.4 4.0 4.0 FAIR 2125 25.4 121.8 4.0 4.5 FAIR
1125 21,7 127.8 4.0 4.0 FAIR 2213 254 121.7 4.0 4.5 FAIR
1525 22.0 127.3 4.0 4.0 FAIR 2325 254 121.6 4.0 4.5 FAIR
1725 22.3 127.2 35 4.0 FAIR 25 0025 254 121.5 4,0 4.5 FAIR
1825 224 1272 3.5 4.0 FAIR 0125 ' 254 121.3 4.0 4.5 FAIR
1925 22.5 127.1 35 4.0 FAIR 0225 254 121.1 3.5 4.0 FAIR
2025 22.6 127.0 35 4.0 FAIR 0325 254 120.8 3.5 4.0 FAIR
2125 22.7 126.8 35 4.0 FAIR 0413 254 120.3 35 4.0 FAIR
2249 227 126.6 3.5 4.0 FAIR 0449 254 1204 3.5 4.0 FAIR
2323 23.0 126.2 3.5 4.0 FAIR 0525 254 120.1 3.5 4.0 FAIR
23 0023 23.0 126.2 35 4.0 FAIR 0625 254 119.9 35 4.0 FAIR
0123 23.0 126.0 3.5 4.0 FAIR 0725 254 1197 35 4.0 FAIR
0123 23.0 126.0 3.5 4.0 FAIR 0825 25.3 119.5 3.5 4.0 FAIR
0223 23.0 125.8 3.5 4.0 FAIR 0925 252 1194 35 4.0 FAIR
0323 23.1 125.6 3.5 4.0 FAIR 1013 25.1 [19.3 3.5 4.0 FAIR
0449 23.2 1254 3.5 4.0 FAIR 1049 251 119.2 3.5 4.0 FAIR
0523 23.2 125.3 3.5 4.0 FAIR 1125 25,0 119.2 3.5 4.0 FAIR
0623 233 125.1 3.5 4.0 FAIR 1525 24.6 118.3 3.5 4.0 FAIR
0723 234 125.1 4.0 4.0 FAIR 1613 24.5 118.2 35 4.0 FAIR
0823 23.5 125.0 4.0 40 FAIR 1649 24.4 118.2 3.5 4.0 POOR
0923 23.6 125.0 4.0 4.0 FAIR 1725 24.3 118.1 3.5 4.0 POOR
1049 23.7 125.0 4.0 4.0 FAIR 1825 242 117.9 3.5 4.0 POOR.
1123 23.8 125.0 4,0 4.0 FAIR 1925 24.1 117.7 3.5 4.0 POOR
1523 24,1 1249 4.0 4.0 FAIR 2025 24.1 117.5 3.0 3.5 POOR
1613 24.3 124.8 4.0 4.0 FAIR 2125 24.1 117.3 3.0 35 POOR
1649 24.4 124.8 4.0 4.0 FAIR 2213 24.1 117.2 3.0 3.5 POOR
1723 24.5 124.7 4.0 4.0 FAIR 2249 241 | 117.1 3.0 3.5 POOR
2023 24.7 124 4 4.0 4.0 FAIR 2325 24.1 117.0 3.0 3.5 POCR
2125 24.7 124.3 4.0 4.0 FAIR 26 0025 24.0 116.9 3.0 3.5 POOR
2213 24.7 1242 4.0 4.0 FAIR (125 24,0 116,8 3.0 3.5 POOR
2325 24.7 124.0 4.0 4.0 FAIR (225 24.0 116.6 3.0 3.5 POOR
24 0025 24.8 123.9 4.0 4.0 FAIR 0525 24.0 116.6 2.5 3.0 POOR
0125 24.8 123.9 4.0 4.0 FAIR 0825 23.8 116.3 2.5 3.0 POOR
0225 248 123.9 4.0 4.0 FAIR
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Table 4 Eye-fixes for typhoon AERE by the radar station 47920

E¥fg (UTC) #E (E) #EE (N) HEuhha
=] [ 47920
21 20 221 126.8 BEE
21 227 126.6 "
22 22.8 126.5 "
23 22.9 126.3 "
23 0 229 126.1 "
1 2209 . 126.0 "
2 23.0 125 8 "
3 23.0 125.7 "
4 23.0 125.6 "
5 23.2 125.4 "
6 23.1 1252 "
7 233 1252 "
[ 234 1251 "
] 23.4 125.1 "
10 23.5 125.0 "
i1 23.6 125.0 *
12 23.7 125.0 "
13 23.8 124.9 "
14 24.0 124.9 "
15 242 124.3 "
16 24.4 124.7 "
17 24.6 124.5 "
18 24.6 124.3 "
19 24.7 1242 "
20 24.7 124.1 i
21 24.7 124.0 *
22 24,7 124.0 B
23 24.7 123.9 "
24 0 24.8 123.9 "
1 24.9 1239 "
2 25.0 1239 "
3 25.1 123.9 v
4 25.2 123.8 "
5 25.3 1237 "
6 253 123.6 *
7 25.3 123.5 "
3 253 1234 "
[ 25.4 123.4 R
10 254 1233 "
11 255 123.1 "
12 255 123.0 "
13 25.6 1228 "
14 25.6 122.6 "
15 25.5 1225 "
16 25.5 122.3 "
17 256 1222 "
18 255 1220 "
19 25.4 1219 "
20 254 1219 "
21 254 121.8 "
22 254 121.7 "
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Table 5 Eye-fixes for typhoon AERE by the radar stations of CWB .

BRi (UTC BE (E) | 8F (N) | EZh B ( UT% M/E (E) | BF (N) | SEIEER

A ¥ B

2 8 234 125.0 1o 24 12 25.5 123.0 Aol
9 23.4 124.9 {5 12 255 123.0 TE
10 23.7 125.0 Al 13 25.6 122.9 Eabaail|
10 23.5 124.9 e 13 25.6 122.8 TEE
11 23.8 1245 Fuorill 14 25.5 122.6 Eaaail]
11 1.7 124.9 EHE 14 25.6 1226 i
12 24.0 124.8 Eavagil] 15 25.5 122.5 Faeail]
12 237 124.8 i 15 25.6 122.5 T
13 24.1 124.8 I 16 25.5 1223 Fisrl
13 230 124.8 TR 17 25.5 122.1 AA
14 24.1 124.8 A&l 18 25.4 122.0 Eatax il
14 24.0 124.8 T 19 254 121.9 Al
15 243 124.8 AL 20 25.3 121.9 Al
13 24.2 1248 i 21 25.3 121.8 Faaxil|
16 24.6 124.6 AL 22 254 121.8 Fibaxtl]
16 244 124.8 Te 25 0 25.4 121.5 Ao
17 24.6 124.6 Al 1 25.5 121.2 Falagiki
18 24.8 1242 Far 1 25.5 1215 B
18 24.6 124.5 JtE 2 23.9 121.1 Foril
19 24.8 124.1 Eavanil| 2 25.6 121.3 =7
20 248 124.0 Falautl] 3 25.5 1209 Al
20 24.8 124.1 i d 3 25.6 12L1 R
21 24.8 124.0 Fakanin] 4 256 120.7 Fuorl
21 248 124.1 EE 4 255 120.9 By
22 247 1239 AL 3 25.6 120.4 A5l
23 24.7 124.0 AU 5 25.6 120.6 B

24 0 24.8 123.9 Ealanih 6 255 120.2 Fatanill
0 24.9 1239 e 6 254 120.4 B
1 24.8 124.0 Eakanil il 25.5 1200 Al
1 24.9 123.9 pia 7 254 120.1 HHE
2 25.0 124.0 Eaantll 8 25.4 119.8 Faiagil]
2 25.0 124.0 e 8 254 119.9 i
3 25.1 1239 Fanaaill 9 253 119.6 A
3 25.1 123.9 e 9 253 119.7 i
4 25.1 123.8 Al 10 25.2 119.4 Faaail|
4 25.2 123.8 fidid 10 25.2 119.5 LR
35 25.3 i23.7 Forll 11 5.1 119.2 Al
5 25.3 123.7 e 11 25.1 119.3 LR
6 25.3 123.6 Farill 12 249 119.0 Fisrl
6 254 123.5 tE 12 260 119.2 I
7 25.4 123.5 AL 13 24.9 118.8 AL
7 254 123.5 e 13 25.9 118.9 HRE
8 253 123.4 Al 14 248 118.6 AL
8 254 1234 T 14 2438 118.7 LR
9 25.4 1233 Farid 15 24.7 118.5 =RZ
9 254 123.3 tHE 13 25.9 118.9 HhE
10 25.4 123.2 A5 14 248 118.6 AL
10 253 123.2 i 14 2448 118.7 HRE
11 255 123.1 AH 15 247 118.5 R
11 253 123.1 i
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Fig 5 The ten-day(21 to 31 Aug 2004)mean sea
surface temperature
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Table 6 The meteorological elements summary of CWB stations during typhoon AERE passage

# ik i e Fade TR AN R, o K ES B ARE K B {mm) $8E#7K B (mm)

vh % (B OfE) RRE RS (B (H| PR TR | B MH | BB |BRGE|RR| B RD |RGEE|RE| R R || B | o SRR B predisi)]

(hPa) | (LST) | (C) | (LST) |(%6RH)| (LST) |(w/s)| (BE)| (LST) |(m/s)i (BE)| (LST) .| (LST) (I.ST) L3T)

BEEL | 961.6 |24/24:00| 29.7 {23/14:54| 83 {23/15:45| 73.9| 150 |25/03:23( 50.4 | 120 [25/05:01; 32.0 | 25/04:44| 10.5 | 24/13:04 |258.1{23/14:30-25/20:12
| £ FE | 9684 (25/04:47] 31.2 (26/11:00; &4 126/11:00{34.4 | 240 }25/04:46/ 17.9 | 210 |25/04:54] 40.5 25/07:03 1 8.5 ;25/07:07{239.0{23/14:30-26/00:20
B gE* [1157.2|125/04:47] 26,7 ;26/11:16| 81 126/10:47)42.2) 10 |24/23:45|25.9; 350 |24/18:51| 32.0 |25/08:02 14.5 |25/06:51 |520.5/23/14:30-25/20:35
iR | 973.2 {25/04:53] 29.2 [26/11:30) 75 [26/11:24{33.1| 20 [25/00:49| 10.2| 180 |25/09:33| 61.5 | 24/18:14| 16.5 | 24/19:02 |767.7|23/14:30-25/23:05
= Jb | 975.8 |25/04:48| 33.7 |26/11:30] 61 |26/11:21|33.1| 350 |24/19:51| 13.3 | 320 |124/22;:47| 34.5 | 24/18:25| 13.0 | 24/19:11 |325.5|23/14:30-25/20:18
P | 984.8125/04:314 31.2 |26/11:30] 76 [23/14:30]22.5| 350 [24/23:40| 11.4| 300 |24/23:42] 23.0 |25/10:43{ 8.0 |24/10:02 |307.9/23/14:30-25/21:30
12 B | 989.5(25/15:05] 32.3 [26/11:00{ 67 |26/10:56|24.1| 320 |24/03:17]16.6 | 330 [24/04:01| 30.5 |25/11:53 | 17.0 | 25/00:09 |213.0{24/04:05-26/06:40
& 990.6 [25/14:59| 32.6 [26/11:04| 53 |26/10:59| 19.6 | 349 [24/02:00| 7.1 | 340 [24/08:03| 20.0 [25/00:17| 6.5 |25/00:14 {256.1(23/14:30-26/02:10
HEE* 113332|25/03:28] 27.7 26/11:17] 72 126/11:21127.0] 300 124/20:01] 15.4] 260 {25/06:10] 40.5 | 25/00:531 9.5 | 25/00:56 1350.7124/00:04-26/02:05
BoW [ 9915 (25/17:26| 323 124/11:38] 69 [24/14:18| 14.0| 260 [25/16:40] 9.0 | 280 |25/16:45| 16.5 |25/12:15| 9.5 | 26/00:59 | 72.5 [25/08:15-26/06:20
HWEE | 9924 [25/14:58; 32.8 [24/10:19] 69 (24/14:35| 19.0 340 |24/04:43| 13.3 | 270 [24/22:49| 21.0 | 25/22:28| 8.5 [25/23:18| 46.5|25/15:45-26/04:50
Pl *[2998.8(25/14:49| 15.8 [24/09:04{ 87 [24/02:54|23.4| 360 {24/16:11| 8.5 | 350 [24/20:27; 51.0 [25/01:31 13.0 | 25/02:10 [783.5|23/15:20-26/05:50
X ([* [2974.0{25/03:34] 8.4 124/02:57| 96 |24/14:17|21.4| 290 [25/11:59{ 15.7| 180 [26/10:15| 45.5 |24/03:26 [ 12.5 | 24/04:19 |1651.0{23/14:30-26/05:54
= 992.5 |25/15:17| 30.8 [23/15:00| 61 {25/22:47)18.6| 30 [24/16:29| 8.5 { 20 |24/16:35] 13.0 [25/15:55| 5.5 |25/16:06122.5(23/14:30-26/07:30
£ o 9935 |25/14:52) 344 123/14:35] 59 123/14:42{ 20.8 | 360 {24/17:14] 10.7] 360 |24/17:17] 36.5 1252145} 160 | 25/22:21 | 83.0 123/23:55-26/11:30
B OB ] 9928 (25/14:56) 32,5 125/11:05] 62 124/10:36] 19.5) 320 |24/10:55] 9.2 | 330 |24/09:34| 17.0 §26/02:14| B0 ] 26/03:23 | 47.5 | 24/00:45-26/09:35
T & | 993.025/13:50| 33.9 |25/13:50 62 |24/12:59{23.2| 280 [24/01:45| 10.2| 280 {25/02:04| 4.0 |24/14:18] 3.5 | 24/14:25 | 12.5 |24/03:02-26/11:30
I | 987.8 |24/23:35; 29.1 [24/13:54| 71 |24/21:21]| 44.1 | 250 [24/17:30{ 30.4 | 250 |25/00:25| 9.5 |25/i%:015| 3.5 | 25/19:38 | 26.0 {24/05:02-26/09:06
A mh | 987.7|25/02:45] 353 |23/15:35} 46  [24/20:29] 18.5{ 180 |24/10:27| 6.7 1180 |24/14:08| 15.0 [25/23:00| 9.0 |25/23:50{37.6 |24/23:02-26/11:i2
& B | 984.7(25/03:22| 37.1 [24/16:41| 33 [24/18:15| 18.9 | 270 [24/22:52| 7.3 | 300 |24/20:30] 20.0 | 26/10:09]| 9.5 | 26/05:51 | 40.5 |24/04:05-26/12:00
B Th | 981.6 |25/03:57] 37.0 |25/00:37| 34 [25/00:32|21.3| 200 |25/07:30] 10.6| 210 |25/07:41| 5.6 126/09:25| 1.6 |26/09:25 | 19.9 {24/02:50-26/11:30
€ | 979.3 |25/03:03] 31.3 |23/14:30; 58 |23/20:00] 11.5]| 200 |23/15:41| 8.4 ] 170 |23/16:00| 3.0 | 24/00:01 | 2.0 | 24/00:2% 1 13.0|23/23:01-26/08:30
E [ 976.7125/03:14) 32.0 126/10:33) 61 |23/14:44| 34.1| 330 |24/14:32| 20.9| 330 [24/14:39] 41.0 | 24/15:43 | 10.0 | 24/16:01 |283.7|23/15:10-26/10:15
B | 978.0 |25/03:03| 303 [23/14:32| 64 |24/15:35|30.1| 320 |24/13:34] 15.6 | 280 |24/19:24] 12.5 |24/03:43| 7.5 |23/22:09| 93.5 {23/14:30-26/09:50
& P9 9783 [26/00:15] 35.5 [24/14:06 57 |25/03:25:31.9| 280 |25/23:48| 24.1| 270 [25/23:50| 48.5 |25/22:52| 12.0 | 25/23:36 | 88.9 |23/17:10-26/09:50
By fH | 975.8 (25/13:19{ 32.1 |24/10:54] 63 123/15:32130.4 | 350 [25/13:241 154 360 125/12:57) 16.0 |25/10:05| 85 |25/09:52 | 47.0 |25/01:30-25/20:20
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Table 7 The daily and accumulated rainfalls of CWB stations during typhoon AERE passage

FSEES FHWE (2X) e
ik 234 24 H 25 H gt
SAEM 3.5 139.5 116.0 259.0
HigE 6.5 106.5 126.5 239.5
=1} 18.0 232.0 33.9 283.9
Frie 26.5 57.5 60 | 900
g 37.5 295.0 200.5 533.0
il 34.2 507.5 232.5 774.2
| 19.4 192.0 118.0 329.4
i 7.9 108.6 195.5 312.0
& 72 433 204.6 255.1
1B 0.2 26.0 185.5 211.7
HA®E — 56.6 293.5 350.1
Eil 77.0 387.0 185.0 649.0
Fef LY 33.0 332.5 415.0 780.5
R T 18.0 96.5 114.5
=} — 7.0 52.4 59.4
=2 —_ . 12.0 2.0 14.0
1E3 0.5 11.0 1.0 12.5
REh — 0.6 0.6 1.2
=i — 0.5 45 5.0
R — 0.4 21.7 22.1
jisk=3 — 5.0 4.0 9.0
T — 1.0 160 17.0
Ras — — 52.5 525
RER — — 34.0 34.0
%M 2.0 0.7 79.2 81.9
R — - 47.0 47.0
*TRERME
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Fig 7 The time series of hourly rainfall at three stations from 2314 to 2514 Aug(LST) 2004
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Table 8 The maximum wind - gust of CWB stations during typhoon AERE passage

Hizh AR AR,
BGHE(m/s) | BIFERRE | BUEmSs) | HERE
it 50.4 15 73.9 17 L E
g 17.9 8 344 12
=0 20.9 9 34.1 12
i 15.6 7 30.1 11
BEER 25.9 10 42.2 14
(i 10.2 5 33.1 12
=l 13.3 6 33.1 12
#HhT 114 6 22.5 9
B 7.1 4 19.6 8
tak 16.6 7 24.1 9
HH#E 154 7 27.0 10
Eil 15.7 7 21.4 9
FRTER L 8.5 5 23.4 9
W 8.5 5 18.6 8
a 10.7 5 20.8 9
= 9.2 5 19.5 8
e 8.9 5 11.5 6
FZTh 106 . 5 21.3 - 9
= 7.3 4 18.9 8
KE 9.7 5 18.5 8
& 10.2 5 232 9
[l 30.4 11 44.1 14
B 9.0 5 14.0 7
e 13.3 6 19.0 8
k| 24,1 9 319 11
i 154 7 30.4 11
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2004
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Table 9 The hourly temperature -
humidity ~ wind speed and wind direction

relative

of station 46766

H || SKiB(C) | fEREE®) | BEms) | Bm |-

24|12| 329 70 27 40
13| 317 73 2.8 60
14] 308 76 23 100
15| 368 39 2.7 310
16| 367 35 54 300
17| 366 36 4.7 290
18] 364 34 5.2 280
19  36.0 34 52 280
20| 361 34 6 300
21| 356 35 6.1 300
22| 357 35 6 290
23| 359 35 6.8 290
24| 354 37 3.1 290

25| 1| 308 62 44 210
2| 289 71 14 350
3| 338 45 44 250
4| 335 45 42 240
5| 313 56 47 210
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Table 10 24-Hour Mean Forecast Position Error(km) of selective techniques for Typhoon Aere(0417)

NTSLP

CWB_ PGTW  RITD  BABI  CLIP HURA JUNE
33 o8 .
CWB [ 98 0 A B
23 104 23 89 C D
PGTW 89 .15 89 0 A Fm X A1 Y FEeRr AR
33098 2 89 37 100 B 5% X 8 | SRR (km)
RITD 106 8114 25100 O C R Y B E TR (km)
23104 23 89 23 14 B3 84 D 57 Y BHFEEEAALE X ST TR

BABJ 84 20 34 S5 8 30 3 0
29 102 23 80 20 110 23 & 20 134
CLIP 184 82 162 73184 74 162 T8 184 0

28 98 20 92 28 109 20 8 26 193 28 184
HURA 184 86 169 71184 75 169 85 183 -10 184 0

21 93 21 g7 21 107 2 77 21 158 19 159 21 115
JUNE 115 22 115 28 115 g 115 38115 43 120 -39 115 0

11 108 11 92 11 126 11 100 11 164 3 141 10 115
NTSLP 81 -27 8l -11 81 45 8% -19 8] -8 87 54 84 31

Z 11 17 3RS TEERERIES . 48 R BET R ELEE
Tabie 11  48-Hour Mezn Forecast Position Error(km) of selective techniques for Typhoon Aere{0417)

CWB PGTW RITD BAB] CLIP HURA JUNE
25| 149
CWB [14% 0

19 163 19 159
PGTW 159 -4 159 ¢
19 163 19 159 16 171
RITD 171 g 171 12 171 0
15 163 19 159 19 171 19 163
BABJT 163 0 163 4 163 -8 163 0
21 162 19 150 19 171 19 163 21 453
CLIP 453 201 409 250 40% 238 409 246 453 0

22 148 18 159 18 160 13 153 20 42! 22 408
HURA 408 260 340 i8] 340 180 340 187 402 -19 408 0

14 143 14 139 14 165 14 167 14 425 14 382 14 198
JUNE 198 55 198 39 198 33 198 31 198 -227 198 -184 198 0

9 167 9 169 & 185 9 172 9 464 g 275 7 201
NTSLP 191 24 191 22 191 6 191 19 191 273 214 61 27 26

£ 12 817 5RAA I ERENESC 2 WSERVET SR LS
Table 12 72-Hour Mean Forecast Position Error(km) of selective techniques for Typhoon Aere(0417)

CWB PGTW RITD BABI CLIP HURA JUNE
171 292
CWB 292 0

15 300 15 326
PGTW 326 26 326 0
15 300 15 326 15 312
RITD  3i2 12 312 -14 312 0
15 300 15 326 15 312 15 336
BABI 336 36 336 10 336 24 336 0
15 300 15 326 15 312 15 336 i5 657
CLIP 657 357 657 331 657 345 657 321 657 0

14 285 14 320 14 296 14 324 14 582 4 462
HURA 462 177 462 142 462 166 462 138 462 -120 482 0

9 265 9 331 9 337 9 345 9 499 9 545 9 312
TUNE 312 47 312 -19 312 -25 312 -33 312 -387 312 2233 312 0

6 337 6 365 6 377 6 367 6 829 5 379 4 336
NTSLP 35 19 356 9 35 -21 356 -11 356 -473 385 6 363 27
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Report on Typhoon AERE (0417) of 2004

Show-wen Lin
Weather Forecast Center

Central Weather Bureau

ABSTRACT

Aere, the 17™ tropical/typhoon formed over the northwestern Pacific in 2004, was the fifth one that
influenced the Taiwan area. Aere originated over the east of the Philippine Islands at 0000UTC, 20
August 2004. As it moved northwestward, it intensified into a typhoon . After 0600UTC 24 August, Aere
turned westward and it’s center passed over north Taiwan offshore. Then,Aere turned westsouthwestward
and decayed gradually. It dissipated over south Mainland China at 1200UTC, 26 August.

During Aere’s passage, the strongest wind occurred at Pengchiayu with maximum mean wind
50.4m/s and gust 73.9m/s. The gust over the north and northeast part of Taiwan also exceeded 33m/s. The
passage of Aere also brought about a large amount of precipition in northern and central Taiwan. The
accumulated rainfall amount in mountainous area of Hsinchu and Miaoli exceeded 1000mm and over
700mm in Alishan area. |

The 24hr ~ 48hr and 72hr mean forecast Position errors by Central Weather Bureau were 98 km -~
149km and 292km, respectively.
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# 2. hIRERRM R FTRAER L -
Table2, Performances of the TREIRS for earthquakes monitoring complied from 1996 to 2003.

k==
) 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003
HEEE
HhEE A 21 11 12 127 41 18 32 25
RITHE kG 1 S 45 52 . 60 62 70 81 87 87
ERITNE | 4812 | 4307 | 4089 | 2746 | 2603 | 2010 | 2970 | 19.94
Bimfm) | £2105 | £2728 | £37.88 | £16.02 | £20.71 | +11.90 | +21.01 | +13.66
BARSARA | 22467 | 20336 | 17233 | 98.78 | 132,56 | 10572 | 17531 | 163.92
egEdERa(®) | £6339 | £43.00 | £97.13 | £49.85 | £73.58 | £71.40 | +63.49 | £56.18
SELIEREE | 020 0.34 0.43 0.29 0.38 0.37 043 0.45
(sec) +005 | +006 | 015 | +0.12 | +0.08 | +008 | +0.10 | +0.09
ERIKETA | 167 125 | 139 0.84 0.90 0.70 0.98 0.92
megEastmy | £131 | £052 | 2115 | £059 | 046 | +032 | 035 | +0.3]
EMEEAA | 154 1.13 1.44 1.17 1.04 0.87 103 | 083
EE R Ekm) | £1.17 | £0.59 | £101 | £073 | £0.58 | £0.44 | £0.58 | +0.36
EE 5 6 7 08 | 17 31 24
Sz g e
2381 | 5455 | 5833 | 77.17 | 100 | 94.44 | 96.88 96
(%) .
HEERERR | 784 | 4.13 287 | 455 4.46 2.44 3.92 3.62
B EREkm) | 947 | £358 | £258 | £717 | £573 | £196 | £690 | +247
FEENRIR | 1530 | 538 | 230 | 580 | 370 | 380 | 502 | 431
VERE(R(km) | £15.68 | £4.02 | £147 | £699 | £3.64 | £2.88 | £822 | £3.90
BEERHE | o1 0.19 017 | 0.8 011 | ‘0.06 0.09 0.05
s | £012 | +0.15 | £0.01 | £0.12 | £009 | £0.06 | £0.09 | +0.05
EEE MRS | 8380 | 59.83 | 644 | 6998 | 6829 | 68.00 | 6933 | 60.19
BRI (sec) | £29.74 | £10.82 | £12.74 | +18.11 | £21.60 | £16.84 | £20.00 | +14.50
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Figl4. Information release process of the 19 May
2004 Taitung offshore earthquake.
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The Developments of the Earthquake Rapid Reporting System in Taiwan
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ABSTRACT

An earthquake rapid reporting system named Taiwan Rapid Earthquake Information Release System
(TREIRS) has been developed by the Central Weather Bureau (CWB) for the purpose of monitoring and
reporting earthquakes since 1994, After the successive developments from the past decade, the TREIRS
has become utilized as a basis for the felt earthquake rapid reporting. The TREIRS plays an important role
in the seismic mitigation in Taiwan. For the felt earthquakes that occurred around the island of Taiwan,
the preliminary information such as earthquakg location, magnitude, and intensities in cities can be
automatically detected by the TREIRS. These usually can be obtained 60 seconds after the occurrence
of the earthquake. Within 3 to 5 minutes later, the System will begin to release the earthquake report to

the public by various communications, such as the Internet, mobile phone short message, fax, etc.

Keywords: earthquake rapid reporting system, felt earthquake rapid reporting.
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The Attenuation Model of Peak Ground Acceleration
in Central Part of Taiwan

Tian-Pau Chang' Guey-Kuen Yu” Feng-Hao Lin' and Cheng-Ming Lee'

ABSTRACT

In this study, the acceleration data from 9 earthquake with Mw 5.l¥7.6, recdrded by the network of
Taiwan Strong Motion Instrumentation Program of thé Central Weather Bureau are used to analyze the
attenuation model of peak ground acceleration (PGA) fn central part of Taiwan. “The earthquake centers
are nearly located in the same area. For examining the dependence of PGA on the site effects, the
recorded sites are classified into stiff and soft seil types.

The technique of two-stage regression method from Joyner and Boore is adopted to fit the data, the
moment magnitude and hyf)o-distance are used here as the regression parameters. The coefficients of
the attenuation model are obtained for both horizontal and vertical components. The geometric
spreading coefficients in this study are about 0.55, and the inelastic attenuation coefficients are about
0.02. a

Several attenuation models are compared for magnitude anchored at 6.5. The results show that Fhe
horizontal components have more differences near the source regions, and the vertical component in this

study is greater than the others at distance farther than about 20 km.

Keywords: attenuation model, two-stage regression method, peak ground acceleration

'Nankai College, Nantou, Taiwan, ROC

Department of Civil Engineering, Van-Nung Institute of Technology, Taiwan, ROC
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A Study on Typhoon Track Forecast for the Non-hydrostatic
Forecast System of the Central Weather Bureau

Der-Song Chen  Kang-Ning Huang  Tien-Chiang Yeh

Central Weather Bureau

ABSTRACT

The objectives and the results of the research are; 1. To analyze and compare the performances
between the operational typhoon track forecast model (TFS-nest) and the CWB’s new generation
Non-hydrostatic Forecast stterﬁ (NFS). The results show that the average forecast errors of NFS are
smaller thanr those of TFS-nest. 2. To study the impact of using Arakawa and Shubert cumulus scheme
in NFS model forecast. .The results show NFS had a similar performance when the Arakawa and
Shubert scheme replaced the original Kuo scheme although the former one could better maintain typhoon
intensity. 3. To evaluate the impact on NFS forecast with dropsonde data in typhoon track simulation.
The results show that the performance of NFS(alldrop) are also similar to NFS{nodrop) in 72-hour track
simulation. The same situation happened to TFS-nest. 4. To test the sensitivity of typhoon track forecast
of NFS with different initial fields and forecast boundary conditions. The results show that typhoon
track forecast of NFS with initial field and boundary condition produced from US NCEP AVN model is

the most satisfactory one.

Keyword: cumulus scheme ~ dropsonde data -~ initial fields - boundary conditions
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Figl. The 500 hPa geopotential height and wind vectors at (a) 0000 UTC 10, (b) 0000 UTC 11, (c) 0000
UTC 12, and (d) 0000 UTC 13 September 2004.
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Fig3. The surface analysis at (a) 0000 UTC 10, (b) 0000 UTC 11, (¢) 0000 UTC 12, and (d) 0000 UTC 13

September 2004.
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Fig5. The satellite visible imagery at (2) 0000 UTC 10, (b) 0000UTC 11, (c) 0000UTC 12, and (d)
0000UTC 13 September 2004.
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Ho-Shun, and (d) Ma-Chia, Twu-Pan from 1600 UTC 9 to 1600 UTC 11 September 2004,
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Tablel. The daily and accumulated rainfalls observed by CWB stations on the 10th, 11th and 12th

September 2004.
M ZHME (2XR) =30
g 10 H 11 B9 KK} 12 HQEEREE) MU
IR 11.0 91.0 ‘ 39.0 141.0
B 158.0 202.0 51.0 411.0
EHR 39.0 108.0 56.0 203.0
30 61.0 119.0 99.0 279.0
L5 119.0 344.0 237.0 700.0
K138 94.0 212.0 158.0 464.0
=E 133.0 321.0 55.0 509.0
Wi 83.0 156.0 70.0 309.0
£k 6.0 .30 3.0 120
FaE 33.0 26.0 5.0 64.0
HHE 6.0 12.0 7.0 250
il 10.0 70.0 48.0 128.0
PR ERL [ 26.0 S 410 15.0 82.0
R 34.0 35.0 7.0 76.0
L] 95.0 115.0 0.5 210.5
= 89.0 83.0 0.0 172.0
E3H 4.0 94.0 35.0 133.0
BT 2.0 73.0 T 75.0
a i2.0 59.0 0.0 71.0
STy 54.0 99.0 0.0 153.0
B 122.0 55.0 0.0 177.0
[l 38.0 35.0 0.0 73.0
A 110.0 13.0 0.6 123.6
B | 113.0 61.0 0.0 174.0
4 16.0 T 0.0 0.0 16.0
R 42.0 0.0 0.0 42.0
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Fig8. The best track of Tropical Storm Haima (2004).
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Table2. The center positions, intensity, and movement of Tropical Storm Haima (best track).

o : PN RHERE
S e | LR | BB | R
wmE | BE B, | EE | 30ks | 50kts
(UTC) (hPa) degree Km/hr ig s km km
091115 24.0 122.1 008 7 26 18 25 100 —
091118 24.5 122.2 998 10 19 18 25 100 —
091121 24.9 1222 998 360 14 18 25 100 —
091200 25,1 122.2 908 360 7 18 25 100 —
091203 253 122.2 9908 360 3 18 25 100 —_
091206 255 122.2 998 360 4 18 25 100 —
091209 25.8 122.2 998 360 10 18 25 100 —
091212 26.1 122.2 998 , 360 11 18 25 100 —
091215 26.4 122.1 998 358 10 18 25 100 —
091218 267 1219 908 329 12 18 25 100 —_
091221 27.1 121.7 998 336 16 18 25 100 —
091300 279 121.2 908 324 27 18 25 100 —
% 3. 55 20 P B AL BRI BR
Table3. Warnings issued by CWB for Tropical Storm Haima.
Ben| 3R [BARERERE(LST)| BRIE -
A I I s E |
EEELENET - GE e (1R - 2w - adt - BER|
w1123 30 |p e e e R
S e LI - SR e (1o - T - A1t - BER | .
| 2| 12|02 30 1p e HeE B
= N L N N
wEe| 3 | 12 |05 | 30 |Gt RamILEeE ﬁég Ak~ B BB | e
vaE| 4 | 12 |08 | 30 |AEEILEEASEIIEE (Al St BERKE | BT
e 5 | 12 | 11| 30 |[BEEISEEkaBILEERE |2 > odb - BERKE | K
valE| 6 | 12 |14 | 30 |GESILTEERSBIEEE  |[aW - o EERkE | e
ke 7 | 12 [17 | 30 |GEELEEERGRHLEE (SR i
wEll 8 | 12 [ 20| 30 {SEILIREE Lgicy
| 9 | 12 |23 | 30 [t i
| w10 13 102 30 [SEILEET Licgicy
wE| 11|13 {05 | 30 |GEdLEER @Jﬁ
R 12| 13 |08 | 30 i
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Table4. Center positions of Tropical Storm Haima observed by the Satellite Center of CWB.

HEEI(UTC) | duisfu®E | ssEEkEt | Efr T%F’a'f!(UTC) gLl fiE | SMEfhET | EfI
H | I [#B5 (fE| T | C HEE H | I |88 &% | T | ClI |[MEEE
11 |1523 [24.0 [122.1 2.0 120  |[POOR 12 |0825 [25.8 11221 2.0 [20 [POOR
1649 |24.2 [122.1[2.0 [2.0 [POOR 0925 125.8 [122.1]2.0 [2.0 |POOR
1725 [24.3 [122.1[2.0 |20 |[POOR 1013 [259 [122.1[20 |20 [POOR
1825 124.3 [122.12.6 2.0 |POOR 1049 [26.0 |122.1 2.0 2.0 |POOR
1925 243 [122.1 [2.0 2.0 |POOR 1125 126.1 [122.1(1.5 [2.0 |POOR
2025 (244 [122.1 20 [2.0 [POOR 1525 [26.4 [1220(1.5 [2.0 (POOR
2125 [24.5 [122.1 2.0 [2.0 |[POOR 1613 |26.5 1122.0 (1.5 [2.0 |POOR
2249 |24.6 {122.1[2.0 |20 |POOR 1649 1266 [122.0[1.5 [2.0 |POOR
2325 1247 [122.1 2.0 [2.0  |[POOR 1725 |26.7 (1219 (1.5 |20 |POOR
12 (0025 [24.9 [122.1 (2.0 [2.0 [POOR 1825 [26.8 |1219(1.5 (2.0 |POOR
0125 [249 [122.1[20 -|2.0 [POOR 1925 1269 [1219(1.5 [2.0 |POOR
0225 [25.0 [122.1[2.0 [2.0 [POOR 2025 |27.1 (1218 (1.5 [2.0 {POOR
0325 [25.1 [122.0[2.0 [2.0 [POOR 2125 (273 1217 (L5 [2.0 [POOR
0425 |25.1 [122.0{2.0 [2.0  [POOR | 2213 274 [121.7]1.5 [2.0 |POOR
0525 [25.3 122020 [2.0 [POOR 2249 |27.5 (1215115 [20 |POOR
0525 [25.3 [122.0[20 2.0 |POOR 2325 |27.6 [1213 (1.5 [2.0 |POOR
0625 [25.5 (122120 [2.0 |POOR 13 [0225 277 [121.1[1.5 [2.0  POOR
0725 [25.7 [122.1 2.0 2.0 |POOR 0525 [27.9 |120.8{1.,5 [2.0 [POOR
5. PRARRFRETENHE 20 SUEERR T OEMR
Table5. Center positions of Tropical Haima observed by the Doppler radar stations of CWB. ‘
R (UTC) B (E) [#8E (N) |EEikub44 |RiE (UTC) & (B) [E (N) |BEnhnhs
H i5 : \ H i .
11 16 241 122.2 FHal 12 0 | 252 122.0 Fanzagtl
16 24.0 122.3 it I 252 121.8 Fanagill
17 24.2 1222 Foril 2 25.5 122.0 Fatagil]
17 242 122.2 3 3 25.6 121.9 F4L
18 24.3 1222 Farl 4 25.6 121.9 Eabagill
18 242 122.1 - fbE 5 -25.6 121.9 B4
19 24.7 122.1 AL 6 25.6 121.9 Fatagtll
19 24.5 1222 1t5E 7 25.6 1223 A4l
20 24.8 1222 FLA 8 25.7 1223 FHoyl
20 24.7 122.1 e 9 25.8 122.3 FHArL
21 25.0 1222 Falagil] 10 25.9 122.3 Gk il
21 24.9 122.1 Tt 11 26.0 1222 A3
22 25.1 122.1 Eavanil| 12 26.1 122.3 Fanagit
22 25.1 122.1 Lk 14 26.3 122.3 H3L
23 252 122.0 FHA 15 26.4 122.3 Eanagit
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Table6. Center positions of Tropical Storm Haima observed by 47920 radar station of Japan.

PR (UTC) [{&RF (E) B (N) |BiEihuh4| |FREE (UTC) |t (B) [ (N) Bk
H i=2 ' 47920 H =3 : 47920
11 14 23.9 122.2 TiEE 12 3 25.3 1222 HiEE
13 24.0 1223 HiEE 4 25.3 122.2 GiEE
16 24.0 122.3 GHEE 5 25.4 122.2 FiEE
17 24.1 122.3 HiEE 6 25.4 122.3 HIEE
18 24.2 122.3 FiEE 7 25.6 122.3 HHEE
19 24 .4 1222 GiEE 8 25.7 122.3 GEE
20 245 122.2 HEE 9 25.8 1223 GlEE
21 24.7 122.0 OiEE 10 25.9 122.3 AiEE
22 24.9 122.1 AIEE 11 25.9 1222 HEE
23 25.1 122.1 AES 12 260 | 1221 GEE

12. 0 252 122.1 HEE 13 26.3 122.1 GiEE
1 25.1 12222 HHEE 14 26.5 122.1 GiEE
2 25.2 122.3 HiEE

Po ~ i EREE SR AT R B ML
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Fig9. Ten-day (11 to 20, September 2004) mean sea surface temperature (upper panel) and anomalies

(lower panel) over the Pacific Ocean.
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Fig10. Radar reflectivity from the Doppler radars of CWEB at 1000 UTC 12 September 2004.
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Figl1. Hourly wind bars and mean sea level pressure at (&) 46695 and (b) 46706 at 12 September 2004,
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Figl2. The accumulated rainfall over Taiwan area for the period of 1600 UTC 11 to 0000 UTC 13

September 2004. |
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Figl3. Time series of accumulated rainfall for ((a) Neu-Chusan, Da-Bao and (b) Da-Chi, An-Pu from

1600 UTC 11 to 0000 UTC 13 September 2004,
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Table7. The meteorological elements summary of CWB stations during Tropical Storm Haima affecting Taiwan.

ok | SRR R RAEEEE FE AR A B ASEEE, : mAKKE gk
vh A (B {E] R R |BOE| BFRE [ BCOfE | R OE BRI BB EGE|Run| R ORE || SRARE| o AR | BE | SRR
mpay | st | oy | @wsm [ggrim] sty lows) ey ] sty levsl@! ast [ mmy | st [mm | asT) l(mm) (LST)
BRI 11002.1112/15:23] 26.1[12/09:29]  87(12/08:36] 26.8] 140[12/04:11] 19.0] 310{12/1923] .6.1| 12/05:20] 3.5 12/05:20( 36.3[11/23:30-12/20:30
B Rg[1001.6]12/03:54] 25.2012/07:04]  89[12/16:41] 16.6] z0l12/08:21] 8.9] 320j12/08:24] 10.1] 12/02:50]  4.0| 12/03:12] 61.6/11/23:30-12/20:30
¥ #8+(1416.2[12/04:06] 21.4{12/06:09]  93[12/00:19] 28.4] 20{12/07:35] 17.9] 350[12/07:42] 35.0] 12/00:41]  8.5| 12/00:43[234.0{11/23:30-12/20:30
w73 [1002.1]12/04:16] 22.3[12/05:50] 89(12/07:19{ 23.11  30{12/09:00! 9.3| 360[12/09:09] 17.5] 12/07:15] 6.5 12/00:36(156.6|11/23:30-12/20:30
# 4k [1001.8]12/04:34] 24.8[12/15:30]  96{12/04:21] 18.5] 10[12/08:05] 9.2| 310[12/04:44]  9.5[ 12/02:01]  3.0] 12/02:45] 54.3(11/23:30-12/20:30
& 47 [1004.7]12/02:42] 24.3[12/00:43]  83({12/00:57| 14.3| 40[12/00:42| 6.8 20[12/00:44] 9.5 12/10:58] 2.5 12/08:22| 70.0{11/23:30-12/20:30
£ 4 1002.2)12/02:50] 25.1)1206:42]  84[12/06:36] 17.9] 340(12/04:10] 11.7] 340[12/02:33]  2.5] 11/23:30]  1.0] 12/00:10] 10.511/23:30-12/20:30
£ b [1005.1(12/02:53| 27.7(12/14:56]  72(12/15:34] 9.9 330(12/00:15] 4.1| 360{12/00:21]  1.4| 12/07:45|  0.8] 12/07:21| 3.4[11/23:30-12/11:20
B AiE1451.4/12/02:25] 206]12111:19]  8112/18:31] 8.1] 280{12/04:26| 4.4 290]12/04:26] 2.5 12/13:55] 1.4 12/14:30] 7.1]12/00:00-12/15:05
B #11006.5012/02:23] 29.0[12/12.17]  70[12712:15] 10.7]  50f12/05:59] 5.7] sof12/05:59]  0.6| 12/00:30] 04| 12/0035] 0.6{12/00:30-12/00:50
e E [1001.212/03:16] 27.5[12/11:22]  74{12/15:11] 16.7] 20(12/06:43] 11.7] 10[12/06:14] 0.0 — 00 —| 0.0 —
FIEE(*[3101.1]12/03:04] 16.6[12/15:02]  89[12/15:45] 9.4] 30[12/03:43] 4.4 350[12/03:52]  4.5{ 12/00:221]  1.5| 12/01:15| 18.5(11/23:30-12/13:00
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Table8. The 10-min-ave. maximum winds and
gust winds observed by CWB stations
during Tropical Storm Haima affecting:

Taiwan.
WisE | mATEERH R AP,

JRGEE(m/s) | 5 FEAR B R (my/s) | B FEAR B
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BiH 6.2 4 12.7 6
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Figl4. The forecast tracks of (a) CWB and (b) RYTD Tropical Storm Haima (2004).
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Table 9. The comparison of 12-h forecast position errors(km) for Tropical Storm Haima.

CWB  PGTW  RJTD BAB]  CLIP HURA JUNE TFS

9 60 -

CWB [ 60] 0 A B
3 84 C D| -

PGTW 84 0 A R X R Y THERR R R 2o

5 64 5 55 .. B #5R X i - TR 2 (km)
RITD 55 -9 55 0 . C Fr Y i B TRERER 7= (km)

D £ Y SRR GIELE X ShTE L e

BABJ

1 66 1 89 1 41 .2 16l
CLIP 185 119136 47185 144 161 0

4 51 2 65 1 185 4 93
HURA 93 42 94 29 77 -108 93 . 0

1 66 1 89 1 41 2 161 1 77 2 6l
JUNE 118 52 4 -85118 77 61 -100 118 41 61

1 88 1 97 1 67
TFS 67 -22 67 -30 67 0
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Table10. The comparison of 24-h forecast position errors(km) for Tropical Storm Haima.

CWB PGTW RITD BABI  CLIP HURA TUNE TFS
5] 65 :
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1 177 C D
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RITD 73 12 730 C /R Y Bl - TR (km)
3 69 2 85 70 D R Y BiTEER A X B TEER T R iR
BABJ 55 -14 50 3370 0
1 374
CLIP 374 0
HURA .
1 374 1 119
JUNE 119 -255 119 0
CTFS
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Report on Tropical Storm Haima (0420) of 2004

Guo-Ji Jian

Weather Forecast Center, Central Weather Bureau

ABSTRACT
Tropical storm Haima was the twentieth tropical cyclone in 2004 to form over the western North
Pacific Ocean. It was the sixth one that the Central Weather Bureau (CWB) issued the typhoon
warnings of the year. Haima organized into a tropical storm at 1500 UTC 11 September as it was located
about 60 km east of Hualien, Taiwan then moved northward along the east coast of Taiwan. Around
0000 UTC 12 September, it gradually decelerated while centered just in the sea northeaét of Taiwan. By
1500 UTC 12 September, the storm veered to a north-northwestward track and began to accelerate.
After passing through the sea north of Taiwan, Haima made landfall on the Fujian province of China and

weakened to a tropical depression at 0600 UTC 13 September.
Haima was a short-lived, small tropical storm that brought heavy rains to northern Taiwan. The
maximum accumulated rainfall of 373.0 mm was observed at the Neu-Chusan station during its passage

over the sea northeast and north of Taiwan. Furthermore, a peak gust of 26.8 m/s was observed at the

Peng-Chiayu station during Haima’s eyewall’s devastating that station.  Verification results of the storm ‘

track showed that the 12 hr and 24 hr official forecast errors of CWB were 60 km and 65 km, respectively.
The debris flow and landslides induced by tropical storm Haima caused 4 fatalities and 2 people missing

over Taiwan area.
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Tablel. The best track, intensity, and movement of typhoon 0413 (RANANIM).
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Table2. Warnings issued by CWB for typhoon 0413 (RANANIM).
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Figl. The 500 hPa geopotential height and wind
vectors at 12UTC August 8 of 2004 (contour
interval is 60gpm)
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Fig2. The 300/500/700 hPa mean flow
streamlines at 12UTC August 8 of 2004
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Fig3. The GMS IR images at 06UTC August 10
of 2004
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Fig4. The 500 hPa geopotential height and wind
vectors at 12UTC August 10 of 2004

(contour interval is 60gpm)
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Fig5. The GMS IR images at 12UTC August 10
of 2004
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Fig6. The 500 hPa geopotential height and wind
vectors at 12UTC August 11 of 2004

(contour interval is 60gpm)
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Fig7. The GMS IR images at 12UTC August 11
of 2004
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Fig8. The radar echo of meteorological radar
station Wu-Fen-Shan at 12UTC August 11
0f 2004
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Fig9. The GMS IR images at 06UTC August 12
of 2004
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Figl0. The 500 hPa geopotential height and wind
vectors at 12UTC August 12 of 2004

(contour interval is 60gpm)
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Figll. The GMS IR images at 12UTC August 12
of 2004

Figl2. The GMS IR images at 06UTC August 13
0f2004
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Figl3. The sequence of minimum pressure and maximum wind speed of typhoon 0413 RANANIM’s

passage.
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Table3. Center locations and intensities of typhoon 0413 (RANANIM) observed by the Satellite Center of

CWB. ,

RFE(UTC) PONE £z SR fhET
H H a3 Bt HAE R T/Cl/hr
8 8 | 1123 18.3 130.2 P 2.52.5/6

1723 19.0 130.2 P 2.5/2.5/6
2323 19.4 1303 P 3.0/3.0/6
9 0523 20.1 130.3 P 3.0/3.0/6
1123 20.6 129.8 P 3.0/3.0/6
1723 20.8 129.0 P 3.0/3.0/6
2323 212 128.4 P 3.5/3.5/6
10 | 0523 22.1 128.1 F 4.0/4.0/6
1123 22.6 127.8 F 4.0/4.0/6
1723 22.8 127.2 P 4:0/4.0/6
2325 23.1 126.5 P 4.0/4.0/6
11 | 0525 23.7 125.6 F 4.5/4.5/6
' 1125 24.4 125.0 F 4.5/4.5/6
1725 25.3 124.4 F 4.5/4.5/6
2325 26.5 123.7 F 4.5/4.5/6
12| 0525 27.3 122.6 F 4.5/4.5/6
1125 282 1213 G 4.5/4.5/6
1725 28.5 120.3 F  4.0/4.5/6
2325 28.5 119.1 F 3.5/4.0/6
13 | 0525 28.8 117.5 F 3.0/3.5/6

WIRE - P IRRERRRZASS 60 AH - F AFELERETE 30 AR E 60 AR » G AFREMNRE
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Table 4a. Center locations of typhoon 0413 (Rananim) observed by Hualien(46699) radar station

I E(UTC) Sl AR JitE L e
H 53 (%) (B () (km/hr) B
8 1i 08 24.04 125.56 TEHi(46699)
09 24.11 125.47 310 12 "
10 24.15 125.42 311 7 "
11 24.43 125.30 338 25 "
12 24.45 125.24 290 6 "
13 24.68 125.03 320 33 "
14 24.76 124.96 320 1 "
15 25.04 124.99 360 31 "
16 25.10 124.87 300 14 "
17 25.38 124.65 320 30 "
18 25.50 124.45 330 20 "
19 25.58 124.31 302 17 "
20 25.75 124.29 350 20 "
21 25.97 124.23 346 25 "
22 26.21 124.10 334 30 "
23 26.42 123.86 314 34 "
12 00 26.56 123.76 327 22 "
01 26.67 123.54 299 25 "
02 26.89 123.33 319 32 "
03 27.09 123.21 © 331 25 "
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Table 4b. Center locations of typhoon 0413 (Rananim) observed by Wu-Fen-Shan(46685) radar station

FEI(UTC) ki A i HE ik
H H i (&) (B) (%) (km/hr) AL (HRaR)
ForILmh
8 1 09 2407 125.46 (46685)
10 24.18 125.42 341 13 "
11 24.31 12521 300 26 "
12 24.40 125.20 360 1 "
13 24.71 125.00 330 40 "
14 24.81 ' 125.00 360 3| "
15 24.98 124.86 322 20 "
16 25.18 124.79 341 24 "
17 25.39 124.58 319 30 "
18 25.47 124.38 308 27 "
19 25.60 124.30 330 16 "
20 25.72 12421 340 16 "
21 25.91 124.20 360 22 "
22 26.20 124.11 340 35 "
23 26.41 123.95 326 24 "
12 00 26.61 123.78 321 30 "
01 26.71 123.52 ' 307 28 "
02 26.85 123.31 300 28 "
03 27.10 123.21 324 29 "
04 27.12 122.81 270 40 "
05 27.30 122.71 330 22 "
06 27.41 122.41 290 32 "
07 27.49 122.34 304 19 "
08 27.69 122.19 332 21 "
09 27.81 121.99 316 25 "
10 28.01 121.81 320 29 "
11 28.11 121.60 300 24 "
12 - 28.21 121.21 280 50 "
13 28.19 120.91 265 30 "




{13002 20 20]

—

B 15 2008 2% 13 AR SE Ranonien) FRF B« 5 1 R TR PR, - FOLRT

BRI 5 ERER A A 2 FURRRA(UTC) ~ BE(km/br) BT Ly AR (m/sec) ©

Figl5. The best track of Typhoon Rananim (2004)
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Table5. Error statistics of different forecast methods for typhoon 0413 (RANANIM),

THE A 4 /TR ERER A (km) P8 /NPT ERER 7 (km) [2 /MREFTRERER 2 (km)
| CWB EATER 148 334 573
BCGZ(Z 97 211
35?;3?5 BABJ({EET) 160 344 561
' PGTWEE) 121 237 518
RITD(EA) 126 318 507
FeEE CLIPER 187 358 649
FiE HURRAN 182 320 537
. NFS 227 620 1096
PR TFS 139 289 361
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Figl6. The accumulated precipitation (mm) at selected stations during typhoon 0413
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Figl7. The accumulated rainfall over Taiwan area for the period of 1600UTC 11 to 1500TUC 12 August

2004.
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Table6. The meteorological elements summary of CWB stations during the passage of typhoon 0413 (RANANIM).

RULRTERE | ReAE R AT AT BRIk Rmm) YA ()
WY lma | oww me| oww ) mo | e (m|me ) we | RE | mm | wR || e | g
@y | @sn | (0y| asp |emm| wsn || G | asn | @ | wsn -~ asm @s7) LST)

FER | 985.2 |08/12/09:53[ 31.3 [08/11/12:34] 67 |08/12/23:14] 39.8 | 310 [08/12/09:48] 31.1 300 [08/12/09:57| 525 [08/12/11:09] 110 [08/12/09:31( 202.0 [08/11/11:30-08/12/19:20
E@ 990.8 |08/12/14:28] 30.2 |08/11/11:30] 61 |08/12/19:36]| 29.6 | 250 |08/12/13:20| 13.9 | 230 [08/12/13:26] 290 308/12/00:39] 12,5 [08/i2/01:27] 95.0 108/11/11;30-08/12/15:50
BHaR* 1340.7 |08/12/04:57| 23.9 {08/11/22:01} 74 108/12/23:20] 33.0 10 j08/12/407:82] 197 | 350 |GB/12/05:01] 380 |08/12/09:53 9.0 |08/12/10:13| 150.0 [08/11/11:30~-08/12/16:30

-l | 9934 (08/12/04:25) 26,7 |08/11/13:11] 73 (08/12/21:43] 24.3 10 |08/12/03:42| 7.5 330 (08/12/07:05| 57.0 |08/12/09:58| 14.5 |08/12/10:44| 216.0 |08/11/13:50-08/12/14:55
[ A 091.9 |08/12/14:13] 33.5 |08/11/11:42| 64 |08/12/18:241 203 ] 340 |08/12/03:40] 8.1 290 . |08/12/13:27| 12.0 |08/11/22:12 5.5 08/11/22:35] 548 |08/11/13:25-08/12/14:10

FE AT 00].8 [08/12/14:23| 33,2 |08/11/13:22| 62 |08/12/14:39]| 17.6 | 300 |08/12/11:00] 9.0 240 |08/12/10:52] 16.5 |08/11/14:03} 100 |[08/11/15:35] 84.9 |08/11/11:30-08/12/13:30
P 993.5 |08/§2/14:50] 31.t JOR/12/14:21] 51 |08/12/22:39] 13.1 50 [08/11/13:02] 5.9 360 |08/11/15:57} 50 (08/11116:01 4.0 08/11/16:351 155 108/11/11:30-08/12/06:20
Kok 596.7 |08/12/55:28} 30,6 j08/12/12:07) 68 j08/12/17:47| 19.0 | 340 |08/11/15:05] 124 | 350 |08/11/15:08] 13.0 |08/11/19:18 3.0 08/11/20:06| 35.5 " |08/11/13:10-08/11/21:30
& 996.3 |08/11/16:35( 31.7 [08/12/12:03 61 (08/12/14:08] 11.5 30 |08/11/15:27] 5.6 20 j08/11/15:40| 220 |08/11/23:05| 10,5 |[08/11/23:15] 46.9 |08/11/15:30-08/12/)5:40

LI [1385.9(08/11/18:44| 27.9 |08/11/13:11] 74 |08/12/22:055 11.5 | 260 |08/12/05:30] 6.0 270 |08/12/03:27] 147 |08/12/07:45 5.9 08/12/07:15| 574 08/][/]5:51—03/12/'@
et 007.0 108/12/17:16] 31.5 |08/12/11:51] 75 |08&/11/13:13]| 16.3 10 |08/11/14:00| 8.3 20 |08/11/12:48] 0.0 — 0.0 — 0.0 — -

R 9972 |08/11/15:58( 30.9 |08/12/11:57| 75 |08/12/12:50| 224 | 360 [08/11/14:34] 15.1 360 |08/11/14:3%| 00 — 0.0 —- 0.0 | m—-

B 13051.0|08/11/16:38) 173 {08/11/14:00f 86  108/12/10:42] 16.0 20 |0812/04:56] 7.1 350 |08/12/05:11y 7.5 |08/12/01:01 2.5 08/12/01:23% 310 {0841 ]/]3:]2—08“2;’@
E(*  [3046.6 [08/12/00:53| [7.5 (08/11/11:58| 64 |0§/11/12:GG) 15,6 310 [08/12/03:27| 9.3 290 [08A12/15:45] 155 |0812/01:21 6.5 08/11/17:13] 66.3 |08/11/13:00-08/12/17:50
i 096.0 |0B/ILA1T:03 32.6 |08/11/13:51| 66 |08/12/16:42] t4.2 | 360 [08/11/16:23] 74 360 |08/11/15:41] 2.2 |08/12/02:25 2.2 08/12/02:45 54 |08/12/01:05-08/12/07:10

ngiﬁ 996.2 03f11/15;56 340 |08/11/14:28| 69 |08/12/12:12| 164 | 350 |08/12/05:24( 8.9 360 |08/11/15:15) 3.5 |08/12/04:30]° 3.0 08/12/05:16 4.3 |08/12/04:30-08/12/20:30
HE 994,8 |08/11/15:48| 34.8 |08/11/11:51| 57 |08/11/11:47| 14.1 | 330 |[08/11/23;39| 7.2 340 |[08/12/03:28) 0.5 |08/12/05:30 0.5 08/12/05:30 3.5 08/11/11:30-08/12/05:45
oA 0947 |08/12/02:54| 32.9 [08/11/11:53] 61 |08/11/11:46] 183 | 280 [08/12/09-35f 9.3 270 508/12/11:52| 0.5 |08/12/08:45 0.5 08/12/08:45 03 08/12/08:45-08/12/08:52
el 9905 [08/12/06:17] 29.8 |08/11/12:41| 73 |08/11/14:00| 38.1 | 250 (08/12/14:27| 249 | 250 [08/12/14:57] 0.0 w—— 0.0 - 0.0 -
K 990.2 |08/12/04:30( 35.1 |08/12/11:05| 49 |08/12/06:14| 13,5 | 200 |08/12/10:28| 5.7 180, |08/12/18:42] 0.0 —- 0.0 —— 0.0 waer
=iy 991.1 [08/12/03:56] 39,3 {08/12/12:515 31 :08/12/13:11) 11.7 | 330 [(08/12/12:58 40 90 |08/12/11:44] 55 |08/11/18:31 3.5 |08/11/18:43 5.5 08/11/18:31-08/11/19:05
BeIh 990.8 |08/12/03:12| 34.6 |08/11/11:42| 54 |08/11/11:38: 13,21 210 |[08:12/00:32 7.7 220 {08/11/23:46] 1.0 |(08/117/15:30| 0.5 08/11/15:30 3.0 08/11/15:30-08/11/20:20
pizid 001.7 |0812/02:36| 36.5 |08/11/13:11| 46 |08/11113:11| 17.2 60 [08/11/14:00 9.9 40 [08/11/14:06| 0.5 |08/11/16:05 0.5 08/11/16;10 10 08/11/15:10-08/12/01:35
=1 9000 J08/12/14-46] 334 |08/12/14:57| 48 |08/12/14:58]| 200 | 330 [0812/06:06| 8.8 300 [08/12/06:12] 22.0 |08/12/03:29 7.0 08/12/03:46| 47.1 |08/11/11:30-08/12/09:20
g 990.9 [08/12/14:29) 30.9 [08/11/12:29] 61 j08/11/22:10| 21.2 | 310 |08/11/21:22| 9.2 270 |08/12/03:000 130 08."]21’0'] ;51 8.0 08/11/23:43 53.9 |08/11/11:30-08/12/08:20
&P 5956 (08/12/16:57( 374 (08/11/13.26] 43 108/11/12:38] 134 80 [08/11/16:21F 9.5 280 }108/12/04:48 T 08/11/20:05 T 08/11/20:10 T 08/11/20:05-08/11/20:20
T55A 090.8 |08/12/20:16] 32.2 |08/11/12:06 39 |[08/12/09:51|20.7 | 240 |08/12/20:02] 11.1 210 |08/12/23:29] 35 |08/12/15:58 1.0 08/12/16:05 70 |08/12/15:40-08/12/19:55

3O —RETISB RS - Y — R HEESLGS - Hip T E R R B A BB AR by 850hPa 2z B Ty - FERT R KILS5T T00hPa ZBUIH - T {RRFEIR
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Table7. The daily, accumulated rainfalls, the 10-min-ave. maximum wind and gust wind at each CWB
station on August 11™ and 12%, 2004.

REWME | gy | my | 2| e B
ffﬁ% (mm) Rk, fﬂfﬁh@ };E;: %E\‘L Jg & EB#FEE
IH | 128 | mm) | @) | g (LST) (mis) | B (LST)
B | 175 | 198.0 | 215.5 31.1 11 | 08/12/09:57 | 39.8 | 13 | 08/12/09:48
B 8.5 94,5 103.0 13.9 7 | 08/12/13:26 | 29.6 | 11 | 08/12/13:20
BEER 23.0 | 137.0 | 160.0 19.7 8 | 08/12/05:01 | 33.0 | 12 | 08/12/07:12
MrEE | 230 12035 | 2265 75 4 | 08/12/07:05 | 243 | 9 | 08/12/03:42
&k 46.0 | 293 75.3 8.1 5 | 08/12/13:27 ] 203 | 8 | 08/12/03:40
WiE 551 | 377 92.8 9.0 5 Logn2/10:52 1 176 1 8 | 08/12/11:00
Bt 450 | 0.1 45.1 5.9 4 | 08/11/15:57 | 13.1 6 | 08/11/13:02
o 355 | 0.0 35.5 12.4 6 | 08/11/15:08 | 190 | 8 | 08/11/15:05
& 341 | 12.8 46.9 5.6 4 | 08/11/15:40 | 115 | 6 | 08/11/15:27 |
BE® | 72 | 502 57.4 6.0 4 | 08/12/0327 | 11.5 | 6 | 08/12/05:30
LA 0.0 0.0 0.0 8.3 5 | 08/11/12:48 | 163 | 7 | 08/11/14:00
HHEE T 0.0 T 15.1 7 | 08/11/14:39 | 224 | 9 | 08/11/14:34
Bl FEL (1 50 | 26.0 31.0 7.1 4 | 08/12/05:11 | 16.0 | 7 | 08/12/04:56
Fili | 180 | 483 663 | 93 5 | 08/12/15:45 | 156 | 7 | 08/12/03:27
5 0.0 5.4 5.4 7.4 4 | 08/11/1541 | 142 | 7 | 08/11/16:23
ggi‘ 0.0 4.5 4.5 8.9 5 | 08/11/15:15 | 164 | 7 | 08/12/05:24
i 0.5 0.5 1.0 7.2 4 | 08/12/03:28 | 14.1 7 | 08/11/23:39
e 0.0 0.5 0.5 93 5 | 0812/11:52 | 183 | 8 | 08/12/09:35
TR 0.0 0.0 0.0 24.9 10 | 08/12/14:57 | 38.1 | 13 ! 08/12/14:27
K 0.0 0.0 0.0 5.7 4 | 08/12/18:42 | 13.5 | 6 | 08/12/10:28
e 5.5 0.0 5.5 4.0 3 | 08/12/11:44 | 117 | 6 | 08/12/12:58
i) 3.0 0.0 3.0 7.7 4 ! 08/11/23:46 | 132 | 6 | 08/12/00:32
1EE 1.0 0.5 1.5 9.9 5 | 08/11714:06 | 17.2 8 | 08/11/14:00
B 397 | 420 | 817 9.2 5 | 08/12/03:00 | 212 | 9 | 08/11/21:22
=0l 162 | 34.3 50.5 8.8 5 | 08/12/06:12 { 20.0 | 8 | 08/12/06:06
£ T 0.0 T 9.5 5 | 08/12/04:48 | 134 | 6 | 08/11/16:21
F 0.0 70 7.0 1.1 1 6 | 08/12/23:29 | 207 | & | 08/12/20:02

MiEE © T AL

— 90—




EHFERIGRE 7) - 8 F LB 12 1
R T P ALY Syl - BURGEALE

TRFMEIIRE + e e A R U AR Ak X A
8 F1 11 H - 40gR7Yy 45 2K - FEHE3SS B -

HOA PR 2 it - Wk B ARILERAE 8
H 2 B 07 203.5 2ok - SRR 198 2
K o HEE AT ROTEIGR 6) » LA FisA
5T KRS HACREERAY 52.5 2k - B

A BRE AR BRIEE - BILUYT- NI 14,5 220k di
K+ BERERY 12,5 AR - TERER IR BERY IR
AT 18 - 19) - R R AR BIUHER
Wk » GERL LR R SRR R R - B
MR REEE - FURGEALAGR S E e
TR ERHIBIRT - & _BILBORHA - JEERLE
% G B T T I A L, T St S

RS
50 - 71T

<,
=

MR (XK
2

b
=3

& 18. 2 13 87

B R (Y S IRIAAS ~ &b - 256 - B0 - A7 T B RIS B IR P A

Figl8. The hourly precipitation (mm} at Panchiao, Taipei, Keelung, Anpu, Chutzehu and Pengchiayu
stations during typhoon 0413 RANANIM’s passage.
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Figl9. The hourly precipitation (mm) at Ilan, Suao, Yushan, Jiyuehtan and Taichung stations during

typkoon 0413 RANANIM’s passage.
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Fig20. The maximum wind and gust wind at selected stations during typhoon 0413 RANANIM’s passage.
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Fig21. The sequences of wind speed (m/s) at Pengchiayu, Keelung, Anpu, Lanyu, and Tungchitao stations
during typhoon 0413 RANANIM’s passage.
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Report on Typhoon Rananim (0413) of 2004

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

Central Weather Bureau

ABSTRACT
Typhoot Rananim (0413) was the thirteenth typhoon that formed over the western North Pacific in '
2004. It was also the fourth one on which that the Central Weather Bureau (CWB) had issued typhoon
warnings in the year. Rananim formed near 18.3°N,130.2°E at 12UTC $ August, aﬁd then moved
northward slowly. After Rananim passed through 20.0°N at Q0UTC 9 August and the middle-latitude
trough moved eastward, it turned to northwestward toward the northeast sea of Taiwan island. - When the
western North Pacific subtropical high enhanced after 12UTC [1 August, the tropical storm moved
west-northwestward and made landfall on the southern part of Zhejiang province in Mainland at 12UTC
12 August. Under the influence of Rananim, heavy rainfalls occurred in the mountainous areas over the
notth and northeast parts of Taiwan. The 24/48/72 hour typhoon track official forecast errors by CWB
were 148/334/573 km. The 24/48/72 hour track foreéast errors by CWB TFS and NFS models were
~ 137/289/361 and 227/620/1096 km, respectively.
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