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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
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EREAABEMENEZ ARG - BElREEX
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BEFEFA I - Iqbal(1983)3 38 T AL A S MR I
AL

5= (M) % (0.006918 - 0.399912 x cos € +0.070257 x sin @ — 0.006758 x cos 20
n

+0.000907 x5in 20 ~ 0.002607 x cos 30 +0.00148x5in30) | (13)

® : HFfA(day angle) @ LLALEF (radian) 3R -

o 2xdn-1)
365 e (14)

dn: HE %18 18k 1 EHE 2 AHEE
B 28 H - AEBEE - o | R (latitude) -
@ ' BB (hour angle) »

feE g %0, =90° % BIEEH WoRH
% » FrBLO DRI R

_ sin8sing

cos W,
cosGeos@ (15)

7 W, = cos ™ {— tan ¢ tan 5)

Fill » —&Z HE(day length)N 2 2W_ >
LU/ INRESRAR » BRI ¢

N :%cos”(— tan @ tan 3}

(=) FMASRIE (extraterrestrial) 7k SE 15 5 &
R, #HHE
ALY > LSRR R R AR
HEEEE AR E o HER B AR AR
BEERIT KRS - HiBREAK G 2 SR B FE—
= BEEWEEAEERFH] - SREERF
iEatE R, B ECHEEA T ¢
KIS —ERER G [ i - iR
AR — HUERR 2 ERERITR - HIfE RKIRERES T



M b EETAHE 2

- . R
Ion = Isc(=2)?
on sc(R)

U8Rt » [oy © IPAREABESR - E
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A Lo RARE B B(=1.96cal/cm*/min) »
di=xd0 (23)
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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
/NRTHERERER

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.

TC tracks of FEB2002
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Fig6 : Tropical storm/typhoon track of Feb. 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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Fig9 : Tropical storm/typhoon tracks of Jul. 2002.

~

TC tracks of AUGZOOZ

..17__19_429—0909) ELE

-13 (081 'SE'é'()‘)"mURI ’

14 (0818-0819) VONGF‘ONa

15 (0Bg3—0901) RUSA i
16 (0BR9—0807) [SINLAKU

==
Py

10 : R 91 £F 8 AReE PR E
Figl10 : Tropical storm/typhoon tracks of Aug. 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





































































































































































































































































































































































































































































































































































































































































































































































































































































