Introduction

22°20'N 22°30'N

22°10'N

113°50'E 114°0'E 114°10'E 114°20'E

Estimation of 4-hour probable maximum precipitation in Hong

Kong using the revised statistical method and storm transposition

The data for calculating the probable maximum precipitation
(PMP) of 24 h is abundant and the methods are mature. But short
duration data of rainstorm are insufficient , especially the data of
extraordinary storm , so calculating the PMP of short duration is
relatively difficult and there is no mature method for it. However,
if there is abundant short duration historical data and hourly data
of typical short duration, the traditional methods including
statistical method, storm transposition could be utilized in short
duration PMP estimation. 24 h PMP estimation of Hong Kong is
already completed with the statistical method, storm
transposition, Duration Depth Area(DAD) method, moisture
maximization. Therefore, the same as 24 h PMP estimation, with
enough historical short duration data and hourly data of four
outstanding storms ('Kalmaegi', 'Morakot', 'Fanapi’, 'Herb'), the
revised statistical method and storm transposition with

adjustment will be used for 4 h PMP estimation of Hong Kong,
and the results of the two method will be discussed.

Study Area and Data

As shown in Fig.1 the orographic characterization of Hong Kong is
mountainous. The highest place is Tai Mo Shan (942m), while the
second highest place is Lantau. And the two places are also the

storm center of Hong Kong.
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The Revised Statistical Method

Hershfeild defined a statistical parameter, K,,,,
Km = (Xm — —n—l)/Sn—l ~
K,, is the number of standard deviation to be added to X,, to get
Xpyp- Therefore, Xpyp is computed by the following equation:
Xpmp = Xn + KmSn = (1 + K Cyp) * X,
Here K,, represents a pseudo amplifier ratio. And this pseudo
amplifier ratio will be used to mimic the future maximum. In
order to reduce the error of K,,,, the length of the stations should
fit the conditions below:
(1) The minimum data size, N,;:
N,, = ®2 + 2
where @,, is the standardized variable and is directly computed
from the following equation: ¢,,, = (X,, — X,,)/Sy,.
(2) The stable data size,which allows an error of within 10% in K,,,,
N;:

N, > 5.76(®4 + 2)
(3) If Ng > 3.5n, it may cause 50% error in K,,, in terms of @,,,, so
N; < 3.5n

The SDOIF Method

The storm separation technique separates mountainous storm
rainfall into components caused by atmospheric forcing and
those caused by terrain forcing. Thus, it may be assumed that one
can transpose the convergence component within a mountainous
region in a larger area, merge with the designed local orographic
component to make a PMP estimate for the designed
mountainous areas. The following are the main equations of the
method:

(1) fac(x,y) ~ —2

At:1,2,4,6,12,24h

Results of the Revised Statistical Method

Table 2 The results of the revised statistical method
applied in Hong Kong

No. Stations Yesrs X, (mm) Xp Con K, ®m N, N, 35N meetingthe

conditions
1 N14 32 349.0 182.8 041 4.09 325 13 /3 112 Yes
2 N1/ 25 347.0 1820 042 460 3.29 13 74 88 Yes
3 R14 31 3295 1346 049 7.05 4726 21 116 109 No
4 H21 30 3185 1424 044 6.41 4.05 19 107 105 No
5 HKO 125 3023 1385 039 389 3.66 16 89 438 Yes
6 HO1 31 296.0 156.7 041 399 317 13 70 109 Yes
/ HO2 32 286.5 1525 039 416 3.28 13 74 112 Yes
8 sek 19 2825 1582 043 465 3.05 12 66 6/ Yes
9 R11 28 2735 1398 042 456 3.37 14 77 98 Yes
10 N11 32 2/3.0 1442 035 4.78 357 15 85 112 Yes

Note: Red in bold are the maximum value of the parameter X}, C,,,, K,,, respectively

Therefore, Xpyp = (1 + 4.78 % 0.43) * 182.80 =~ 558.5
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Fig.3 4 h OIF of Taiwan and Hong Kong (a: Taiwan b: Hong Kong)

The highest OIF of Taiwan and Hong Kong both are at the most
highest places at Taiwan and Hong Kong, Alishan and Tai Mo
Shan. It demonstrates that the orographic effect on rain is very
obvious.
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Fig. 5 a: 4 h generalized convergence pattern for Taiwan storms b: Generalized
convergence component pattern superposed on OIF grid centered at Tai Mo
Shan (E-W Orientation 0°) c: Grid map of embryonic 4 h PMP centred at Tai Mo
Shan d: Isohyets of embryonic 4 h PMP centred at Tai Mo Shan

The embryonic PMP =1.37 x 377.17 =516.72mm (centred at
Tai Mo Shan area (the highest OIF cell for the entire Hong Kong))

Moisture Maximization

r=W2/W1=W27.17 /W24 =81.43/58.45 = 1.39
If the embryonic PMP is superposed on Tai Mo Shan, the center
point value Is:

516.72 mm X 1.39=718.2 mm

Conclusions and Discussions

» The revised statistical method and storm transposition based
on SDOIF with moisture maximization could be used in short
duration PMP estimation.

»The estimation value 558.5mm and 718.2mm are both smaller
than the world 4 h rain record. Therefore, they are both
reasonable. However, in the design of a project, the result of

Toat(X,Y) the revised statistical method just for reference while the result
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Fig.1 (a) Elevation map of Hong Kong ; (b) Locations of raingaugestations (2) Ty ar(x,y) =~ at(XY) ool ool ool ool of storm transposition will be used as design standard.
in Hong Kong and Shenzhen; (c) Locations of raingaugestaions in Taiwan, fae(%y) pasl pas| pas| pas| » Storm transposition based on SDOIF could not only get the
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Table 1 Detail of the data used in the study 25} 235 ¢/ 235 ¢/ 205 7P distribution pattern of PMP.
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