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A Simple Statistical Approach to QPF for Taiwan
H. Bogm ™ % # = a'éa. #F |
Abstract

The tracks of 16 recent typhoons were examined closely in order
to ascertain relationships between the latitude at which a storm ap-
proaches Taiwan and the accumulated percentage characteristics of
total storm precipitation that occurs at a north Tajwan Station.

The premise of the study is that for a given longitudilnal typhoon
position, the accumumulated precipitation at a north Taiwan station
increases with increasing latitude.

Only storms approaching Taiwan from the east and moving we-
stward or northwestward were considered. Some of the typhoons
studied crossed the northern half of Taiwan and some passed over
the sea north of Taiwan. The latitude parameter was taken to be
the latitude at which the the typhoon crossed 128° East longitude
(Crossing Latitude). The typhoons studied show crossing latitudes
that ranged from 22.1°N to 27.4°N. _

Hourly precipitation records at Anpu, Keelung and Tai'pei were
utilized in connection with the crossing latitudes of storm tracks in
order to ascertain the percentage of total storm precipitation which
had accumulated by the time the storm center reached various me-
ridians. It was.found that storms may be categorized into 8 general
types, ie., those crossing 128° Longitude between 22 and ' 24.4°, 245
and 26°, and 26° and 28°. Mean cumulative percentage precipitation
curves were drawn for each type, for the ‘three statjons, and are
presented. .

A slightly different approach is also illustrated, wherein the cu-
mulative percentaée jof total storm precipitation (when the storm
center reaches 123° E. Long.) is related to crossing latitude.

Statistical analysis indicates that the data correlates very well
with the premi'se made. The correlation coefficient, relating the ac-
cumulated percentage precipitation by 123° longitude as a function’
of crossing latitude, for Anpu is 0.8558, for Taipei 0.80 and for Kee-
lung 0.85. Standard deviations are 12%, 16% and 12% respectively.

Sample QPF and verifications are presented.

The second approach verifies better and is promising enough to
warrart inclusion in the the TWB/{Project Typhoon Program. The
technique may be tested under operational conditions during the 1969
typhoon season. ‘
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Fig 1. The track of Typhoon “Opal”
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Fig 2. Sample curve Type I (crosses
123°E between 22.1~24.4°N)
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above) and Number of Occurrences (Figure below)
of Anpu. (Highly variabe squares not averaged)
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Fig 8. Average Percentage of Storm Precipitation (Figure
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Table 1: Hourly Precipitation & Calculated percentages for Opal
B BhkEAEZERSH
Opal . Aug. 1962 % % Anpu Percentage Longitidinal D1str1bution
pa Typhoon PCPN
=] 8 Date
Tt m BEok |8 é’ﬁﬁ 5 M
Time GCT 04 o5 06 Longitude % um
00 20 25,5 To 126° E 004 0.04
01 4.0 9.0 3
02 4.6 el | 126 -~ 125,5° 0.10 Q.14
03 1.8 0.3
04 2,2 0.2 125,50 - 1259° 0,12 0.26
035 3.0 0.6
06 25 9.5 1260 . 124.5¢ 281 3.07
o7 36 9.0
08 c 2.1 2.2 124,50 - 124° 4,28 7.35
09 0.3 3.5 :
10 4.0 0.1 1240 - 123,50 2,43 9.78
11 2.0 T
12 14.8 123,50 - 123¢ 2,58 12.36
13 1.8
14 20 1230 - 1225¢° 2.95 1531
15 5.5
16 0.1 15.0 122,59 - 122¢ 3.72 19.03
17 0.8 14.4
18 0 5.3 1220 . 121,69 646 25,49
19 4] 11,2
20 4.6 18.2 121,50 - 12]° 6,89 32,38
21 7.8 34.0 o
22 5.0 23,0 121 - 120.5¢ 14,60 46,98
23 35 33.0 _ ‘
e o =]
@3t Total 218 2103 630 120.8° - 120 8189 G
#-k% X B Y =z #H B & %
Table 2: Correlation Coeffieients between X & Y
BEZEE Eﬁ&lﬁﬁtaﬁi‘kﬁféﬁﬁ}bh
w200 Cum, % at 128 : .
Crossing % ]| | % & S Xy, XY, XY, i ¥: Y;
Lat. Anpu’ | Keelung Talpel
minus 20° X t Y, Y,
2.1 12.4 6.5 9.0 4.4] 26,0 13,65 18.9 153,8 4225 81
2.4 55 0 c.3 576 13.2 0 W72 30.25 0 09
2.8 115 3.0 11,5 7.84 32.2 8,40 32.2 132.25 9.0 132,25
36 11.5 0 o} 12,96 41,4 0.00 4] 132.25 0 4]
3.7 7.0 2.0 11,0 13.70 25,90 7.40 407 49,0 40 121
4,0 11.8 5.5 45 16.00 47,2 22,00 18,0 139.24 30,25 20,25
41 2.5 .13 40 16,81 10,25 5.33 16,4 6.25 1,69 16
4.5 34,0 13,5 42,5 20,20 153.00 60.75 191,25 1,156.0 182,25 | 1,806.25
4,7 48 2.5 20 22,10 22,56 11,75 11.75 23.04 6,25 6,25
4.7 14,5 11.6 115 22,10 68,15 54,52 54,05 21025 | 134,56 132,25
4.9 450 33.5 46.5 24,0 220,50 164.15 227,85 20250 1,122.25 | 2,162,25
55 33,0 23.5 17.0 30,24 181,50 129,25 93.50 1,08%.0 552,25 259
5.7 30.5 28.04 50.4 32,50 173.85 |. 159.83 287.28 930.25 786.20 | 2540.16
68 | 60,0 61.6 66,7 46,20 408.0 418,88 | 4536 3,600,0 | 8,794.6 | 4,4489
7.1 64.8 77.0 76,0 50.40 460,08 546,70 539.6 4,199.04 | 592500 | 5,776
74 78.7 —_ — 54 85 582,40 _ —_ 6,193,7 o —
# BHEX=| EY,= | EY,= ‘ EY,= l EX*~ | EXY,=] EXY,=| EXY,=| EY}= | EY}= | EY;~
Total 740 4275 269.54 353.4 38002 2,456,2 1,602,6 1.985,8 | 20.069.13| 125945 | 17 531.7
EY=3,N+a,EX a;= 1295 { Y=a,+a,X a,b;=r? g8 | oEY-aEY-a,EXY
w i EXY=a,EX'+a,EX?* | g,= -33.18 Ym-33.18+12.9§X (12 95) (.06658)y=1y VT X7 i
Anpu EX=b,N+hEY by= 0565 | Xeaby+b,Y 073167 =r" =14475
C EXY=b,EY+b,EY? | by= 3.115 | X==3,1154+,0565Y [0.8553=r Syx=12%
EY =a,N+a,EX a;= 1413 | Y=a,+a,X a,b;=r1? gt _EY?*a,EY-a,EXY
# Jb | EXY=aEX+a,EX? | a,= —39.18| Y=-39.18414,13X |(14.13) (.0453)=r¥ “¥.X~ N
Taipei | EX=bN+bEY | b= 0453 | X=b,+b,¥ 0,6400 =12 —=144,75
o EXY=bEY+b,EY* | by= 3373 | X= 33?3+ 0453Y [0.80=r Sy.x=15%
EY=2a,N+a,EX a;= 1376 | Y=agp+2,X a,by,=r? gz, _BY*-a,BEY¥Y-a,BXY
# B | EXY=2,EX+2,EX? | a;= —4313| Y=_43.13+18,76X |(13.76 (.0524)=1? | S¥.x=
Keelung EX=bN+h,EY b= 0524 | X=b,+b,¥ 0.721024 =12 =14475
EXY=B,EY+b,EY? | by= 350 | X=354.0524Y  [0.85=r Sy.=12%

v
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Table 8: Total Storm PCPN Cause by 16 Typhoons
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: - w B NEY
Bé B % B R i Eﬁ*ﬁ]% il @J&EELEFJB\EEEZﬁE’E " Ts:)1:3.11&Stc>1'mjkPCPNa(n&n'bi)E>
T : i 1230 Fi B & | o= F[A
yphoons Date Crossing lat at 123°E A | T Caipel
B ¥ Opal 862 22.1° 295.1 144.6 1326
# 3 Wendy 7/63 2240 1042 485 70.7
# ¥ Amy 9462 22,80 2928 295.1 208.0
Banr Clara 7167 23,60 29,4 7.8 27.2
& #] Shirley 7/60 23.7° 395,0 2929 189.7
& # Billie 7]59 24,00 335.4 161.4 293.7
WaEh Pamela 9fsl 24,10 146.5 151.2 102.9
WiEks Agnes 8/60 24,50 1915 403 54.1
Bkt Grace 9/58 24,7° 2146 118 122.4
% B Mary 9/65 247° 237.2 153,5 1453
H#p®  Gloria /63 2490 - 7417 365.8 481,5
® H Trix 8/60 25.5° 2521 160,2 174.2
# T Cora 9/66 25,70 409.6 195.1 223.9
& & Wanda 7156 26.80 2629 179.4 298.0
®= 3 Gilda 7152 27.1° 526,0 209,1 170.8
# % Tilda 10/61 27.4° 946 = _
mmE w o= B ook B O® oz B M
Table 4: QPF For Control Typhoons
oo T om | % @ | ow@m | & M | B B k| E B
Station Anpu Anpu Anpu Keelung Taipel Taipei Keelung
S O®m B A |[m#HClarags iy Coraf¥ 3% Tildal®z 3z Coralfs Hr Coralg#ifrClara EuirClara
Control Typhoon Tauly 1967 | Sept. 1966 | Oct. 1961 | Sept. 1966 Sept. 1966 | July 1967 | July 1967
Iy Y
,%roﬁinglaf? B 23.6 6.7 27.4 25.7 25.7 236 236
B R_# = :
Stoiin Type il I I I I il m
’ & typhoons| 5 typhoons|2 typhoons! S typhoons| 3 typhoons| 6 typhoons| 6 typhoons
Fi 2 WM |i0s 595 mm191-792 mm(263-5%6 mm| 40-366 mm, 4481 mm| 71254 mm 48-205 mm
QAR WUINE 8 1959-63 1958-1965 | 1952-1956 | 1958-1965. | 1958-1965 . 1959-1963 | 19591963
FEIDERZHAR | 64 mm 1249 mm | 744 mm | 547 wm | 118 mm 0 mm 0 mm
v K AR
Cum. % at 123° 85 % 262 % 624 % 17 % 24 % 67 % 31 %
from mean curve
(excluding control)
PR v R .
?org}éaséﬁQlﬁ% & 40 mm | 477 mm 120 mm .| 321 mm | 471 mm 0 mm 0 mm
(from mean curve)
g i B BT B : .
%uﬂ(l%ﬁfgé} B 185 % | 405 % 625 9 B3 | A5 % 15 % 7%
Scatter Diagram
BanE Sz E R
ok BB | somm | 08 mm | 20mm | 85mm | #Smm | Omm | Omm
Scatter Diagram N
" EEREKE
Actual Total 29.4 mm 4096 mm | 946 mm [1951 mm |[223.9 mm 272 mm 7.6 mm
Precipitation ‘
EH RS
g5 Error Mean 4+ 409 + 169 26% 65% 110% o
C&Pr-A
- BHBE
=z ZRE
% Error :
Scatter -l14% -25% 26% 21 % 2284 =
Diagram
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" Table 5: - QPF for Betty & Elsie °

Folee m | @ | — i
- | ) s | EEEEIERR 123 B R

B w0 | mEam | B & oo | BETIENE ) RGLSIE CAE)

o : BBz iRl | I ok | % B % W
(;éfégég‘g) Ao 196942, 245 s 19.1 10 58
égé@ﬂﬁ%&% Betty 8 g 8K (qﬂ%‘:giﬁﬂﬁﬁaﬁ) '

95;__‘32”‘% BT 1969 | . 241 A0:%0 56,6 223 g4z
R e il X

ﬂa%ﬁﬁﬁ‘]«%zm K | N J—— | 6 |

B i P R B P :

2% B 5 B —eBEkaEE A R W E kR GE
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