MAUSAM, 48, 4 (Ocwober 1997), 587-594

551.465.755:519.2

The calculation of maximum elevation due to storm surge
by using joint probability method
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ABSTRACT. In the present paper the maximum storm surge elevations with certain return years
were calculated by using a joint probability method. Based on the analyses of the typhoons which
affected coastal zone of Guangdong Province in history, a group of model typhoons was established.
A number of parameters, which described the typhoons, were selected. The data of each parameter
was graded into a few sub-groups according to their values, and this was done in accordance with
the historical observations. The probability of each value of the parameters was calculated based on
the historical records. The probability of a typhoon with a group of values of parameters could be
calculated. Simulation results of the storm surges caused by the above model typhoons with their
probabilities were analysed statistically. Thus an accumulated probability curve and maximum elevations
with certain return years were obtained.

A number of spots was selected. At some of the spots there are tidal stations and at the others
there are none. The maximum elevations with certain return years at the spots were calculated and
the results were found satisfactory. By using this method all the meteorological and hydrological
data, which were available, can be fully utilised. This method is most suitable for calculating the
maximum elevations at a place where there is no tidal station or at many places simultaneously.
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1. Introduction

Now-a-days there are four kinds of following
methods (Chen 1982) of calculating the maximum
storm surge elevations with certain return years :

(1) Based on the analysis of meteorological data,
a typhoon with certain return years can be
found and by using a numerical model the
corresponding elevations can be computed. This
method is suitable for calculating maximum
elevations at a place where there is no tidal
station. The results of this method are usually
conservative and it is applicable, for example,
to facilitate the study of a nuclear power station.
The difficulty in using this method is that it
is not easy to find out a typhoon with certain
return years.

(2) For a place with a tidal station and storm surge
elevation data, the maximum elevations during
certain continuous years can be obtained. Then
by using-a statistical method, the maximum
clevation can be calculated. The disadvantage
of this method is that only one value in each
year is selected and all other information is
neglected. Of course this method can not be
used at a place without a tidal station.

(3) The above method can be modified and used
at a place without a tidal station. For a particular
place, based on the typhoon data of the whole
year, a typhoon case, which caused the maximum
elevation at the place in the year, can be
selected. The elevation induced by this typhoon
can be simulated by using a numerical model.
Thus the maximum elevations during certain
continuous years can be obtained. Finally by
using a statistical method the maximum
elevations with certain return years can be
calculated. Insufficiently utilising the informa-
tion available is the shoricoming of this method.

(4) By using joint probability method, as said earlier,
all the available meteorological and hydrological
data can be fully utlized. Thus the reliability
of the results is high. There was a successful
case study of this method in United States of
Amcrica (Heaps 1977 & Moore er al. 1996).
The method has also been used by Chinese
scientists (Wang 1983, 1985, 1986). Owing io
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Fig. 1. Large and small areas and their relation

the small number of model typhoons the
statistical analysis done by them only can be
used to show the way how to use this method,
but it has no practical significance. In the
present paper, a group of 8000 model typhoons
was obtained and a case study with practical
meaning was conducted.

The analysis area of this paper is the western part
of the sea area along the coast of Guangdong Province.
There was a small area nested inside the large area.
The western and northern boundaries of these two
areas are the land boundaries of Guangdong and Hainan
Provinces. Eastern and southern boundaries are open
sea boundaries. The southern boundary of the large
area is situated at 17°50'N; eastern at 117°20°E. The
southern boundary of the small area is at 19°40'N,
eastern at 112°33’E. The grid spacing in large area is
1/6 degree (longitude and latitude), in small area 1/3
of that of the large one. The grid system in large and
small areas and their relation are shown in Fig. 1.

First of all the meteorological parameters of the
typhoons which affected the analysis area in the 20
years from 1960 to 1979 were analysed and some
typical values and their corresponding probabilities
were oblained. By assuming that these parameters are




statistically independent and selecting a value for each
parameter a model typhoon is composed. The
probabilities of this typhoon are equal to the product
of the probabilities of the values of all parameters.
All these typhoons constitute a group of model typhoons.
In the present paper 6 typhoon parameters were used.
The values of 3 parameters were graded into 5
sub-groups and 5 typical values were used; for the
other 3 parameters, there were 4 sub-groups and 4
typical values. Therefore, in the group of model
typhoons there were 5° x 4° = 8000 typhoons. The
maximum surge elevations caused by each of these
typhoons were simulated by using a numerical model.
Each of the elevations obtained has a probability, that
is equal to the probability of its corresponding typhoon.
For a given elevation {, the total of all the probabilities
of the elevations, which were less than {, multiplied
by annual occurrence of typhoons in this area, R({)
can be obtained. R({) represents the annual occurrence
of this elevation {. The reciprocal of R({) is the return
years of the elevation C.

2. Numerical model used in storm surge simulation

2.1.  Hydrodynamical equations

Depth averaged equations used are given below :
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2.2,  Boundary conditions

At the land boundarics the velocity components in
the direction perpendicular to the coastline vanished.
At the open sea boundarics radiation types of conditions
were used for the large arca. For the small area the
waltcr levels were copied from the large area’s results.
The hydrodynamical equations were integrated from
an initial statec of rest.
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23. Model wind field

Jelensnianski’s (1972) wind field was used in the
present study.

T 1.5
V=v,,{k—J (r<R,) @)

m

R 1.5
V=Vmexp( "'B ] (r>R,) (5)

where V,, is maximum wind speed; R, is radius of
maximum wind speed; r is the distance between
calculating point and typhoon centre and P is a
reductive parameter in radial direction.

24. The result of the simulation of real typhoon
surges

By using the above storm surge model, 10 storm
surges, which affected the analysis area in 1968-77,
were simulated. Elevations at 3 stations, namely
Zhanjiang, Zhapo and Naozhou, were computed. The
results were compared with the observations and they
agree well. Some examples are given in Figs. 2-4.
This indicates that the numerical model is reliable, and
it can be used in the simulation of the model typhoons.

3. The selection of a group of model typhoons
3.1. Parameters describing typhoon's wind field

The following 6 parameters were used to describe
typhoon’s wind field :

Longitude of the spot where typhoon strikes the
land Xp, maximum wind speed V,,, radius of maximum

wind speed R,, moving speed of typhoon centre Vi
angle between typhoon track and latitude line 6 and
wind speed reducing parameter in radial direction f.

The data of 80 typhoons, affecting the analysis
arca during the 20 years from 1960 to 1979, were
collected from typhoon almanac and for each typhoon
the values of the 6 abovementioned parameters were
decided. By using the numerical model and taking the
6 paramelers o be constant, 10 typhoon surges were
simulated and the maximum elevations computed were
in good agreement with the observations. Some
examples are given in Figs. 2-4. Therefore, using the
simple model, i.e., taking the parameters to be constant,
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Fig. 2. Elevations caused by typhoon 7109 at Naozhou

does not cause large errors in the simulation of the
maximum elevation. Thus the maximum elevations
obtained by using the simple model can be used to
calculate the maximum storm surge elevation with
certain return years,

With regard to the selection of the value of the
parameters the following points should be noted:

(1) The maximum wind speed V,, was taken from

the "almanac of typhoon’s wave and elevation”
at a period of time just before the maximum
elevation occurred.

(2) The principle of selecting the radius of maximum
wind speed R, is to obtain the best agreement

between the model wind field and the observed
one.

(3) The value of the moving speed of typhoon
centre Vi was chosen during the day just before

the maximum elevation occurred.

(4) Wind speed reducing parameter in radial
direction B was calculated from the following
formula :

Rm_'Rl
B= In(V,/V,) ©
where Ry is the radius of Beaufort 6 scale wind
speed, Vi is equal to 10.6m/sec.

3.2. Values of typhoon's parameters

Values of the typhoon’s parameters were arranged
in the ascending order. The probability distribution
curves were drawn. The values of the 6 parameters
were graded into sub- groups according to the sensitivity
with which they affect the elevations. Landing longitude
Xp, maximum wind speed V,, and radius of maximum

wind speed R,, were graded into 5 sub-groups. This
means that / = J = K = 5. For the other 3 parameters
there were 4 sub-groups for each, ie, L = M =
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N = 4. When the values of the parameters are graded
it should be ensured that the numbers of the parameter
values in each sub-group are roughly the same. The
expected value (mean value or EX) is the representative
of this group and in the present paper it is called
typical value. The probability of a given typical value
(a sub-group) can be calculated in the following way.

First, the ratio between the area corresponding o
the value §; and the total area under the probability

distribution curve §, that is f; = §,/8, can be calculated,

then the probability A i was calculated by the following
equation :

Ai=(f/Ax) / Y (f/Ax) W)

i=]

where A is the probability of a given typical value

T T T
0.00 10.00 20.00 30.00 40.00 50.00
Time ( hours )
observations
————— simulated using real typhoon parameters

— — — — simulated using constant parameters

Fig. 3. Elevations caused by typhoon 7109 at Zhanjiang

(sub-group), Ax; is the width of this group, n is

the number of sub-groups of a parameter (equal 1
5 or 4). The typical values of the parameters and
their probabilities are given in Table 1. Sequence
number typical value probability is given by :

5 5 5
Y A= Y A(Vy)=1 Y, ARu)=1

i=1 j=1 k=1

4 4 4
Y A(Vp=1 Y AB)=1 Y AB)=1
=1 m

n=1

For each of the parameters a typical value is
selected. Thus, a model typhoon was constructed.

Altogether N,=53><43 = 8000 model typhoons were

obtained and they formed a group of model typhoons.
Because the parameters are independent statistically,
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Fig. 4. Elevation caused by typhoon 7109 at Zhapo

the model typhoon with the typical values of
Xgis Vomjp Rt V12 8, and B, has the probabilities of

AXpy) ¢ A(V,p) = AR ) = A(Vp) © A(B,,) = AB,).
4. The simulation of the model typhoons

In the present paper 8 spots were selected and they
are Naoshou (N,), Zhanjiang (Zj). Zhapo (Zp).
X|(111°26'E, 20°23'N), X,(110°53.29°E, 21°23'N),
X4(111°E, 21°17'N), X,(111"13’E, 21°30'N) and
Xs(111°40°E, 21°30'N). Among them at the first 3
there are tidal stations, at the other 5 there are none.
The maximum elevations caused by the 8000 model
typhoons at these 8 spots were obtained by using
numerical simulations. Each computed maximum
elcvation has a probability, i.e., the probability of the
model typhoon, which induces this elevation. For each
spot the 8000 maximum elevations were analysed

statistically. These elevations were arranged in the
ascending order. They were graded into sub-groups
with a width of 10 cm. The value of a sub-group was
represented by the mean value of this sub-group. The
probability of a given maximum elevation equals to
the sum of the probabilities of all computed maximum
elevations, which fall into the sub-group represented
by the given maximum elevation. Finally, for a spot,
an accumulated probability curve was drawn.

5. The calculation of the maximum elevation with
certain return years

Based on the above statistical analysis the
occurrence probability of a given elevation R({) can
be calculated as follows :

[+ 3
RO =N, 3, &) ®)
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TABLE 1

593

Typical values and their probabllities of the parameters of the typhoons

_Xa(") Vi (m/sec) Rm{x 10%) V¢ (m/sec) Bex 104 80
S. Typic. Proba.  Typic. Proba. Typic. Proba. Typic. Proba. Typic. Proba. Typic. Proba.
No. value  value value value value value value value value value value value
1 107.4 0‘36 185 0.08 46 0.08 25 0.12 10.0 0.18 0.70 0.15
2 1086 033 215 0.23 127 0.20 4.03 0.36 173 037 17.8 0.52
3 1094 031 35.0 0.31 9.1 035 525 038 23.7 0.36 332 0.26
4 1106 0.15 36.4 032 104 0.31 6.8 0.14 34.0 0.09 31.2 0.07
5 1135 005 430 0.06 14.5 0.06
TABLE 2 TABLE 3

Maximum elevations, thelr occurrence probabilities and
return years at the spots

A comparison of maximum elevations with certain
return years and occurrence probabilities
at Naozhou station

Retum years 200 100 50 25 10 5
Occurrence probabiliies 0.005 001 002 004 01 02 Bewmyesy 5 10 2% S0 10
Mohod o 02 01 004 002 001
Max elevations at Nz 248 230 210 188 174 165 e . i ‘ . :
probability
Max elevations at Z; 272 240 225 204 194 1IR3
Joint Max clevations 155 174 188 210 230
Max clevations at 7, 153 138 130 128 122 110 probability
Max elevations at X; 150 149 130 122 117 110 method
Max elevations at X3 241 220 200 190 170 161 S-method  Max elevations 145 170 204 228 253
Max elevations at X3 204 18 170 158 148 141
Max elevations at Xq 197 180 163 152 148 140 6. Conclusions
Max elevations at X5 150 135 128 119 115 110

where o is the number of the sub-group with a
representative value less than or equal to §; 8(i) is
the probability of the sub-group; N, is the averaged
annual occurrence of typhoons in this area. 20 years’
data were collected and there were 80 typhoons.
Therefore, N, = 4.

The return period of a given { is equal to

1/R (§) = 1/[N, - £ 8(i)] ©

Thus the relation between elevation and its rewrn
period was obtained. By using this relation we can
calculate the maximum elevation when the return years
are known and vice versa. The calculated maximum
elevations with certain return years for the 8 spots are
given in Table 2.

({) At Naozhou, there is a tidal station and we
kave the data of maximum elevations during 20
continuous years. By using the method given in
"Technical standard for harbour engineering” (hereafter
it is called S-method) the maximum elevations with
certain return years can also be obtained. Table 3 is
a comparison between the results obtained by using
the joint probability method and S-method.

It can be seen from Table 3 that there are no large
differences between the results of these 2 methods.
For the return years shorter than 50 these results are
roughly the same and differences between them are
less than 15%. For the return years of 100 the maximum
elevation computed with the joint probability method
is lower than that of the S-method. When the S-method
was used, much less information was taken into account
than when joint probability method was used. Therefore,
the results of the joint probability method were much
more reliable.
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When using the joint probability method, it is quite
difficult to select the parameters and grade the values
into sub-groups. In the present paper we have done
much work in this respect. The parameters we used
and their typical values could ensure that the simulation
of both real surges and the surges induced by model
typhoon are good enough to make the results accurate
and reliable. The work reported in this paper shows
that the joint probability method can be used in the
coastal engineering to calculate the maximum elevations
with certain return years. When using this method all
meteorological and hydrological information available
can be fully utilised and maximum elevations, at places
where no tidal station exists, can be calculated
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