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The Rainfall Associated with Typhoons in Taiwan

and Its Forecasting

Yuan-heng Wei, Shinn-liang Shieh, Min-sen Lin, Charng-geng Hsiao
Abstract

Based on the characterestics of surface isobaric pressure patterns,
the typhoons which invaded Taiwan area can be classified into two
categories, i.e., symmetric and asymmetric types. The rainfall distribu-
tions concerning the symmetric typhoons over the island depend on the
distance of the station to the typhoon center. There nearly 0% of
precipitation .concentrated within two latitudinal radius calculated from
the center of typhoon. However the rainfall distributions of asymmetric
typhoons are quite irregular and mainly dominate by the steep pressure

_gradients.  This type of typhoons usually result in heavy rainfall and
serious floods in the northern and northeastern parts of Taiwan.

In analyzing the vertical distribution of average daily rainfall caused
by typhoons in the past two decades, we find there exists maximum
rainfall level at two different altitudes. One is at an altitude of 900m
over the northern part of Taiwan, which increases up to 1000-1100m with
the southward migration of typhoon tracks. The other is at an altitude

- of about 2500m over the central mountain ranges. The former is the
result of northeastly flows while the latter is due to southwestly flows.

Finally, we adopt the multiple regression equations with the pressure
gradients from typhoon centers and Shanghai to the selected stations-
Taipei, Taichung, Tainan, and Hualien, as two predictors to predict 12-

“hour typhoon rainfall. It is found that as the actual raiafall amounts
are small, the calculated values are over-estimated. However, when the
equations are applied to forecast 86-hour accumulated rainfall, the resuits
are much better at the two stations-Taipei and Huaiien. Therefore the
equations are available for the reference in quantative rainfall foreca-

" sting of No (the typhoon passing over the sea to the north of Taiwan)
and N (the typhoon passing through the northern part of Taiwan)
catégories of typhoons. ' -
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| Fig. I. A sketch of typhoon tracks
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Table 1. Some chosen data of the
average daily rainfall for
invading typhoons.
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Table 2 The frequency of invading
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Table 4. The average daily rainfall due
to No category of typhoon in
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Table 3. The average daily rainfall due to different categories of invading typhoons.
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Table 5. The average daily rainfall due to No catepory of
typhoons in A-L, mt. area. (1951-70)
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Fig. 5, The distribution of averages
daily rainfall due te Ny category
of typhoon
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Table 6 The average daily rainfall due to Ny category of
typhoons in Shihmen basin (1951-70)
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Table 7 The average daily rainfall due to Ny, category of
typhoons in A-L; mt. area. (1951-70)
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Fig, 6. The distribution of average daily
rainfall for the N’ category
typhoons.
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Fig. 9. The distribution of average daily
rainfall due to So’ category typhoons.
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B (Multiple regression equation) #1(1)
=
R i pilE-E hygeiliemmeiammenessmssienmifil)
{ aiH e
bz * Drye 1 R AL (Partial regre-
ssion coefficient)
M RE - fE - B EEA R R ER
rErE RASK 0 SREE o TR B EAR R

(E—BI5E 2 LB.M. 360 W ErEs > FREH - SHEER
FIA 1904-1970 42 67 ££{8.2 i B 2R » Hoh g » ST
# 8 R P Lk D =2HAHRE.
Table B Correlation coefficients among R, Pand D.
(No 30 . (N. 8D
Fi=LL HE
i SR Tz T Teg Tiay }C{» K T ) T Tas i
£ & - j
4k | 044 | 031 0,12 0,51 % 4k | -0.14 0.00 ' -0.57 0.17
oo -0l | -04 006 | 041 = g | -0.44 | 008 } 0.44 | 054
-1 016 | 031 ) 0o 035 = g | 027 0.04 1 0.55 0.51
piA 017 | -0.16 | 006 0,24 oM | -012 l -0.38 ! 040 | 0.8
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# 9. No BRRzHFARE (R) pO08E (P) RRAEERREMZ REER (D) 1%04-1970
Table 9. The maximum daily rainfall (R), central pressure (P) of typhoon and
the shortest distance (D) measured from the four fixed stations to

the typhoon trajectory (No category) 1904-1970.

R P D R P D R | P D R P D
(mm) (mb) | (km) (mm) {(mb) | (km) {mm) {(mb) | (km} (mm) {(mb) (Ikm)
38 980 80 7 980 200 12 980 300 18 980 150
45 985 120 97 985 190 P14 985 240 126 685 110
48 965 130 305 965 250 166 965 330 140 ¢65 180
20 950 30 54 990 140 243 990 250 74 996 90
43 960 50 17 960 160 35 960 290 24 960 190
147 955 100 199 955 210 15 955 340 2 955 240
194 935 60 225 935 190 13 935 3l0 16 933 160
190 960 50 226 960 170 4 960 500 13 950 150
152 935 40 113 935 160 12 93s 290 26 935 150
49 985 140 14 985 270 7 985 400 2 985 230
2 975 220 4 975 320 1 §75 £70 0 975 350
124 955 140 21 955 250 6 955 350 13 955 200
- 44 975 210 14 975 320 2 975 460 74 $75 400
23z 950 90 122 950 180 31 950 310 37 950 220
171 935 70 61 935 200 31 935 250 19 933 190
80 945 70 70 945 190 173 945 300 a3l 945 150
68 975 80 107 975 210 51 975 326 15 975 170
359 955 60 246 955 160 25 955 290 9 955 200
&7 960 170 i5 960 250 6 960 400 2 960 250
72 960 230 16 960 370 9 960 490 1t 960 330
326 950 70 104 950 190 110 950 320 12 950 190
122 975 150 262 975 280 136 975 420 41 975 260
103 960 140 73 960 270 110 960 380 10 S60 220
5 945 27C o 945 350 28 945 500 0 945 340
158 945 70 230 945 160 31 945 280 229 945 210
263 940 300 133 540 430 71 940 570 7 940 410
149 950 320 23 950 340 60 950 460 18 950 300
93 910 30 45 910 190 57 910 300 16 910 140
224 960 40 148 960 150 206 960 260 5 960 100
120 930 20 138 930 120 113 930 260 14 920 120
332 625 60 243 925 150 73 925 310 15 925 160
34 965 150 104 965 260 71 965 390 2 965 280
129 945 110 9 945 - | 230 1 045 380 1 945 230
229 975 30 266 975 90 7i $75 170 39 975 150




& 10. Ny, FHAZEAONHE (R), FLAE (P) RNRERENESRGER (D) 1904~1970

Table 10. The maxily rainfall (R), central pressure (P) of typhoon and the
shortest distance (D)} measured from the four fixed stations to the
typhoon trajectory (N, category) 1904-1970.

zz 1k T 2 = £l i bl
R ( P \ D P | R ! P \ D R P , D
_(mm} | (mb) | (km} | (mm) !Lmb).__‘f(‘lgm_ (mm) | (mb) | (km) | (mm) @ (mb) | (km)
7 i 985 ’ 70 0 985 60 0 985 150 o 985 40
287 \ 955 | 50 259 955 70 79 955 200 1t 955 30
156 \ 975 {30 305 975 100 217 975 220 39 975 0
50 | 970 | s 81 | 970 80 22 | 970 | 20 87 | om0 50
221 930 i 60 295 930 70 282 930 200 23 920 60
158 990 l 10 18 290 100 5 990 220 21 930 ‘ 60
61 ‘ 950 | 30 162 | 950 | 160 110 | 50 | 280 75 | 950 110
119 975 ’ 10 182 975 o0 79 875 170 300 Q75 30
57 965 l 0 273 965 100 347 965 200 74 965 50
185 980 \ 50 49 |. 980 80 51 980 215 63 [ 580 60
46 955 \ 60 55 955 60 170 955 190 20 | ess 60
183 o5 | 60 169 945 40 182 945 160 102 945 10
89 955 } 60 192 ] 955 ) 145 955 170 46 | 955 20
85 985 \ 10 200 ] 985 180 166 985 270 18 | 985 110
42 %0 | 228 ] 960 £0 179 960 170 134 \ 960 10
55 980 ‘ 20 48 980 100 70 980 200 57 | 980 60
204 970 ‘ 20 22 970 90 8 970 190 52 ] 970 | 30
145 950 | 70 51 950 50 36 950 190 18 } 950 0
84 980 ‘ O 177 9gd ! 120 296 380 240 233 ‘ SB0 30
89 990 } 20 35 990 90 13 990 180 105 ( 960 20
84 913G | 70 | 431 910 40 87 | 210 160 58 i 210 0
54 995 ‘ £ t7 995 50 16 995 160 25 ’ 935 S0
10 950 ] 80 62 950 ) 28 950 170 69 | $50 30
102 935 30 135 935 [ 50 18 935 220 T2 933 [ 70
159 .| 950 ’ 80 85 950 | 40 94 950 150 160 | 950 0
57 95 10 168 935 ‘ &0 153 935 150 132 935 o
94 950 80 212 950 \ 30 123 950 150 61 950 £0
115 970 20 189 970 | 130 55 970 260 a2 970 110
135 930 ’ 80 51 930 { 30 213 930 130 191 930 30
| ;
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# 11 No #HgE120HE (R), BEREDLERAERE G,

LBERL - RERE (Gy)

Table 11. The 12~hr total rainfall (R) and horizontal pressure gradients—-(G,}:
mesured from the four fixed stations to the typhoon center. (G:):
measured from Shanghai to the four fixed stations. (N, category)

Ik Ik o] h = 2] P Fiic
R G, G R [ & |R | & G. | R G, G,
(mm) 1030 o ) 00-31111{1311)}( !-0-31’;;];’11)L<mm) o2 yo+8P o (mam) (o0 ) (o=

8! 83 17 4| 48 l 26 8| 11 0 86 22
4| 78 36 s 8 | 22 7| & 8 1 108 24
13] st 7 96 | 23 ] 12 9% | 35 i 4 35 5
8 27 5 37 11 4 127 22 6 i 19 3
41 81 11 2 &5 44 1 71 12 8 81 12
18 178 16 9 133 25 3 126 13 5 174 18
105 150 36 120 90 ' 32 5 o4 i7 3 i28 28
3] 13 26 12| 92 \ 31 108 | 100 17 0 81 23
1 13 16 28 10 24 52 13 14 Q 9 16

9 Iz i5 o} 4 23 0 14 11 2 12 12

2 es 9 0 74 20 0 83 9 o] 92 10
14 116 15 21 99 24 o| 107 13 0 122 16
32 147 18 26 117 27 2 129 15 < 147 22
127 | 208 24 43| 158 31 1| 159 16 0 206 27
219 | 263 49 153 { 200 35 61 1% 17 o 211 47
74 | 308 31 94 | 168 27 28| 19 12 0 152 29
2| 6l 16 15 82 20 R 8 0 35 16

3| 4 10 16| 17 17 17 33 6 3 25 11

1 19 10 29| 19 i3 65 } 18 6 t 12 10

3, 111 28 ol 91 35 0 \ 96 23 0 110 28
54 139 81 ¢} 114 37 4] 120 24 o] 149 29
17 175 33 ¢ 143 21 0 147 25 Q 176 32
20 219 32 [} 161 39 0 167 26 1 203 33
a7 | 29 a9 o| 207 40 ol 183 26 0 254 38
92| 429 44 6| 242 41 o| 201 26 0 295 25
2, 18 7 1 5 20 8l s g 1 % 9
47 20 9’ 0 4 25 1 18 7 0 18 10
183 | 44 14 152 | 30 2 0] 36 9 158 39 14
59| 48 2t 147 | 33 23 11 19 21 146 a7 19
197 157 23 168 [ 36 26 €4 €8 1 168 67 18
ol 67 14 60| 31 21 20| 56 8 60 46 13




e ) e

festE > TR 21Z = 08Z ~03Z =& (9Z~ 09Z = Ao HEE - BHREFORES 6 N2 BErE
157 ~15Z 2= 212 » [ P 41510, 002~ 062 ~12Z % B » BHE 24 /R 36 e seqb s » Ei
187 FEMUE > FLUG D 2 002062122 B 187  EEWEZHRIE « RARMOERAN RS 25
TR LEA W BREENE - TPk R-PD  SURREMZ RS R - BRI A o €8
- 3B - BCRE I RS - BT S AR - IRENE— A B BRI » A A e

# 12 N, JEpl2hmmE (R), BERr O RERE (G, RHEMGEHRERE (G

Table 12. The 12-hr total rainfall (R) and horizontal pressure
gradients—(G,:measured from the four fixed stations
to the typhoon center. (Gs): measured from Shanghai

to the four fixed stations. (Nycategory)

Zr b E th = ] i i
R Gy G, R Gy G, R G, G: R | G G,
(@m0 3 10 Gopftmml e -3 pjmm|ao B pia0 S0 ) (mm) |aoGEla0 R

1 44 5 o 28 17 o 3l 6 0 47 6
25| 179 6 0| 160 18 2t 177 7 7 215 8
12| 310 11 | 219 21 3| 295 10 7 423 17
84| 539 9 63| 301 31§ 55| 344 12 154 124 32
45| 429 23 359 | 253 27 63| 169 10 94 200 15
26 8 13 31 80 7 15 58 6 6 64 7
1 6 13 10 6 1 78 16 0 1 17 o
11 100 4 ] 84 18 0 104 6 3 11t 4
16| 188 13 o] 166 % ol 210 14 17 232 18
100 | 543 31 14| 413 40 2| a8 24 57 929 40
17| 200 24 125 94 27 | 134 10 9 78 19
39| 100 10 9 74 2 0 87 5 6 115 1
61| 218 21 25| 127 30 21| 148 13 18 258 25
0] 183 29 81 67 34 33 94 15 59 167 2
2 53 31 101 65 23 92 78 10 2 70 18

1 24 11 12 4 16 78| 268 & © 1 B |9

4] 200 14 ol 144 24 o| 155 12 5 350 17
12 64 15 49 47 22 116 68 13 67 74 8
24 2 3 17 13 1 26 4 4 35 2 6
17 62 10 1 36 21 1l 52 9 2 57 2
103 163 21 178 50 25 2 65 11 11 106 20
9 114 12 10 40 21 12 30 17 0 61 12

5| 128 19 3| 109 2 o| 115 14 1 136 2
162 28 37 46| 183 46 a2 | 207 23 165 262 48
23 13 25 2] 133 55 g0 | 185 30 15 144 35
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Table 13(a) Correlation coefficients (N,
catzgory)

S J
e u g f e { [cmm
B oIk 032 | 079 059 | 063 ] 29
& o | =017 | 074 | w007 | 018 | &7
2 OF | -037 ] 070 | -040 | 042 i 3
7 | -026 | 085 | -0.14 } 0.29 | 45

vyt TR FUERERAEE (o B e D ity e s
B Gy ZHmER
Tyt WESRENE (T RRAERIA R G,
) AR
Toy : WER BRI 2 M R B
Tigy | BN i L R RIS ] SR R BE 2 AR B
SE:: RZEHEH

# 13(b)  (N.BD
Table 13(b) Correlation coefficients (N,
category)
O
BE 1y | Tm Tig Tz SE-
| ! (mm)

ﬁ@%mli

|
[
|
036 | 006 ' 0.44 i 0.56 ’ 33
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l i

g | 017 | o5t | i@ | oz0 | &4
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Table 14 Comparison of actual & cal-
culated rainfall of typhoon AG
NES and BESS by the first

method.
’ D P Rr J Re
HEALH & (km) | (mb) | (mm) | (mm)
AGNES |z | o s 57 16
Z 4| 20! 90 | 122 156
BESS
T o 100 | 560 75 161
Rr: EEMR - Re: gHE2HE
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No #5753
. R=225935-0293G,-1.246G, --ce (a0
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#% 16 Zjk (AGNES, SEP. 1971) +— -
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Table 15. Pressure gradients, actual &

calculated rainfall of typhoon
AGNES in Taipei
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Fig. 12. Comparative curves of actual (solid)

& calculated dasbed rainfall in
Taipei caused by typhoon AGNES
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Table 16. Pressure gradients, actual &
calculated rainfall of typhoon -
AGNES in Hwalien.

B (2) {1600[1612[1700‘17141soo 1812 ll900‘[912
G,(10~mb/km) | 13.510.3|28.9 423 53.6| 1325/ 90.9]11.1
Go(10-*mbfkm) |12.9[16.1{14.3 17.1)26.2] 35.5, 28.4/ 19.4
Rr(mm) | 0| 0| of sols04 965|381 100
Re(mm) |22'9! 287260325563 780503400

REf (2

G,(10-smb/km) |13.5/10.3 28,9 42,3 53.6| 132.5[90.6|11.1
Gx(10~*mb/km) {12.9/15.1|143)17.1] 262 35,5 28.4 19.4
Rr{mm) ololo|o|z0 113 36 1.4
Re(mm) 1401830 17.6/ 233/ 38.9] 60.4] 45.6| 32,1
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Fig. 13. Comparative curves of actual (solid)
& calculated (dashed) ramfall in Hwa-

lien caused nvadmg yphoon AGNES
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Table 17. Pressure gradients, actual &
calculated rainfall of typhoon
BESS in Taipei.

R (Z) . |2012|2100 2112;2200 221223002812
P I

G((10-*mb/km) | 95.8 105.4127.7/107.4 171,8| 4001195
G(10~*mb/km) | 12.1| 123 158 209 44.7) 286 7.6

Rr{mm) 0 | 1.0 257 1741207 144124

Re(mm) (N )| 190 21.1) 28.7] 35.1) 78.9 415 6.

Re{mm) (No#i)| 8.8 7.5 19.0 47.9|147.0| 99.9| 5.0
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Fig. 14, Comparative curves of actual (solid)&
calculated (dashed) rainfall in Taipei
caused by invading typhoon BESS.
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Table 18. Pressure gradients. actual &
Calculated rainfall of typhoon
BESS in Hwalien

L A (20|2 2100 (2112|2200 (2212[2300 (2312
G, (10~*mb/km) ' 95.8(105.4|127.7) 107.4| 171,8] 40.0/195
Gy(10-ymb/km) | 12.1| 123 158 209 44.7 288 7.6
Rr{mm?} 0 0 O 0.2 13,1} ©g 0
Re(mm) (N 3g)| 17.0] 181 265 4061007 63.1] 8.7
Re(mm) (Noff)| 9.6 7.0 4.9 17.1] 280 465263
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Fig. 15. Comparative curves of actual {(Seolid)
calculated {dashed) rainfall in Hwa-
lien cauged by invading typhoon BESS.
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