
CHAPTER THIRTY ONE 

PREDICTION METHOD TOR THE WAVE HEIGHT DISTRIBUTION 

OEF THE WESTERN COAST OE TAIWAN 

Frederick L. W. Tang* 

Introduction 

Taiwan Strait locates on the continental shelf of the western Pacific 

Ocean. The water depth is less than 100 meters. Furthermore, the bathemetry 

of the eastern side namely the offing of western coast of Taiwan shoals gradua- 

lly. In consequence, in case of the wind "blows from the north to south, waves 

in the deeper part of the strait refract to he north west direction while they 

are approaching the shore and local waves directly generated by the wind still 

keep the same direction of the wind. The situation is shown in Figure 1. 

Erom September to April of the next year, anticyclones come from Mongolia 

causes monsoon in this area. The wind velocity in the monsoon sometimes exceeds 

20 meters per second, but it is arround 10 meters per second in general. Howerer, 

the duration of winds over 5 meters per second has been recorded more than 50 

days. Engineering works such as towing caissons for building breakwater as 

well as dredging offshore have to be done in these days. Furthermore, navigation 

operations should not be stopped unless the wind is too strong. Of course, 

waves are forecast every day, however, more precise information about the proba- 

bility of the occurrence of certain wave height is of great significance. 

In last conference, the authors submitted a probability density function of 

wave heights in this area. This distribution model is to be remended by consi- 

dering energy loss in this paper, and concrete forecasting procedure is submit- 

ted for engineering and navigation practice. 

The Distribution Model 

In last conference which was held in Capetown the authors ( Tang et. al. 

1982 ) submitted a probability density function of wave heights off the western 

coast of Taiwan namely the eastern side of Taiwan Strait. The bathemetry of 

this area is rather flat and the prevailing wind direction is almost in the 

longshore direction. Waves in this area are considered to be the combination 

of the refracted waves from the deeper sea in the central part of Taiwan Strait 

and the local waves generated directly by the wind. The wave height is propor- 

tional to the square root of the sum of energies from refracted and local wave. 
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Asso. Prof,, Dept. of Civil Engineering, National Central University, Chungli 
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454 COASTAL ENGINEERING -1984 

Form such an assumption the wave height probability distribution was to be 
worked out as follows  ; 

,    x H      r ,     K2 x ,     n2.   . 
0(H) =- [ exp ( )-exp( )} (l) rv a-bk v     2ay 2b ' ' v/ 

where        a 
b 

H 

oi,2 

energy of the refracted waves, a = 4 ffj2 

energy of the local waves    b = 4 {T^ 
probability density function 
wave height 
area under the wave spectral density function curve, subscript 1% 

2 denote the refracted and local wave respectively. 

The ratio between the mean wave height H and the combined energy a  is 

1 - nV* 

( l-n)V1 + n (2) 
b   _   /   "2 where        a = joi+02 > n = — = ( —— ) * 
a    tfj 

when n—»0, it means that no local wave existing, k = V 2 jr , as shown in Fig.2. 

Above equation fits the reality better than Rayleigh's distribution in 

comparison with the measured data as shown in K.g.3. 

Modification of The Model 

In navigation and engineering practice, the wave height distribution must 

be predicted in advance of operation and being much more accurate is required. 

In equation(l), the ratio of 01 and o2 is to alter the steepness and loca- 

tion of the peak of the curve sensitively. In addition, the wave energy dissi- 

pation should also be taken into consideration. 

Denoting E^ , E2 to be the wave energy of refracted and local wave respec- 

tively, considering the energy dissipation, the total wave energy E at the loca- 

tion of interest is assumed to be the following linear combination. 

E = rE, + crli   ;0<r<l,c>0,cr<l (3) 

IProm probability transform and convolution integration operations the re- 
vision of equation(l)is worked out as follows  ; 

H B.2 B.2 

<P(K)=— —-[exp(-- )_exp(-- -) ] (4) 
r(a— cb) 2ra 2 c r b 

The expected value namely the average wave height and the variance, can 

be calculated respective]y as 

= =vf-frWc^-(oi.)^3 (5) 

ffg* = 2r(a+cb)~(a^
r
ct^C

aa+
2
C3b3-(°ab)^3      (6) 
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The skewness and kurtosis of the curve are also to be evaluated as follows. 
Skewness  * 

V7T=- l 'JT7T 

{ 2 ( a + ot )-?- -^C ; ( o.a.D)**3}»/» 
(^ a— cbj 2 

{ 3 [ as<*-( Cb }*A j-e ( a+eb) C a3A_( ob)3yfe 3 + 
(a-cb)£ 

CaV»_(0i,)«/>y} (7) 

Kurtosis  ; 

, = r-3=   ,       , {8(a* + cab 

{2(a+eb)-      *      ,,C °       -(cab)*»]}' 

C a**-( cb )** ]*_^|£L-_ (>**-( ob)**)' }-3 (8) 

And the ratio k becomes 

k    ^Ci-(.»)**1 (9) 
* ~ (  1- cn)Vl + on W 

Ibr evaluating the influence of coefficients k ^ r ., c , on the shape of 

the curves, several calculations are made and illustrated in Figures 4,5,6. 

These coefficients, however, should be determined by calculations of refr- 

action effect, friction of sea bottom as well as wave —wave interaction. Such 

computations are too complicate to be done. Besides, the theories have not yet 

fully developed. Approximate evaluations are to be carried out by comparing 

calculated curve and measured data as shown in Fig.7. 

Through these comparison, coefficient r, which represent the ratio of re- 

mainer of energy after dissipation, should be taked to be 0.95, and the coeffi- 

cient c, which denotes the ratio of energy loss of refracted and local waves is 

of minor significant, so it can be consider as unity. The coefficient k, its 

definition is shown in equation(2)and(9), is merely the function of the ratio 

of local wind wave energy and the refracted wave, which will depend on the 

weather situation and can not be decided in advance and will not be a constant. 

The probability density function is as follows in consequence. 

Prediction Procedure 

If the weather forecasting data are available, the waves and wave height 

distribution off the western coast of Taiwan are to be forecasted as follows. 
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Fig.4  Coefficient k iufluences the shape of distribution(2) 
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<*(«; 
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m. 
Fig.5     Coefficient r iufluences the shape of distribution (1) 

Fig.5      Coefficient r iufluences the shape of distribution(2) 
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Waves come from the East China Sea and Taiwan Strait are evaluated by 
Liang's (1976) element wave prediction model 

2     C     C         008r 
E'=-7r f(r,0)U»(rf0)ooB*C/9(r,0):)-<*J)(--ff3—)drd* 

sGJ-J» 0.1) 

B2   ;  wave energy in the point of interest. 
G   ;   group velocity 

U( r , 0); wind velocity at 10 meters above sea level. 
/9(r,(?)   ;  the angle "between the wind direction and the line. 

Such definitions are  illustrated in Fig.8. 

In practical calculations, £ can set to he constant. Hi/3,! is to repl- 
ace E2   and 11/3,1 can calculated from fetch and wind velocity. 

9 £" 0 08 r 
Vifa,i =-4^-SXU*(r,0)cos*Ci3(r,0)exp(—^-)ArA0 02 

lc^l/3 re u 

g U* 

The local wave height H1/3, 2 and period 11/3,2 are to De computed by 
following formula ( Tang,  1970 ) 

0>01 (&l-y/2 

HV,,2 = £^tanh{ 0.578 (££)*/< } tanh { E——_} (14) 
tanh( 0.578 (-^A) 

0.0436 (^r)1'3 

2.8^-U , ,gD,,/„, .      * yTS2j 

11/3,2=-°       tanh{ 0.52 (-^jr)3/* } tanh { 
tanh [ 0.52 (SjW 

where        U ; local wind velocity 
g ; gravitational acceleration 
D ; water depth 
3? ; fetch length 

The wave height Hw3 can be calculated by 

B.1/3 = V rnfo,i + 0 -r ••&!%, 2 (16) 

According to Liang (1982) the period in this case can be calculated as 

follows 

„ _H//3,j   X   Ti/3,1   +Kf/3,2   X   TJ/3,2 
T1/3- —        -2  (17) 

& 1/3,1   + til/3,2 

Examples of such prediction are shown in Fig.9 

Finally, since 
H 

a  =  4ffi« = 4  (  "•t/3'-'   )« 
3.8 
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Fig.8      Illustration of element wave method 
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b = 4 «r,* = 4 ( ^^ 
3.8 

after substitute into equation(10), the wave height distribution can be predicted 
as Fig. 10. 

Conclusion 

The wave height distribution of the waves generated by monsoon is to be 

predicted by following procedure. 

1, Calculate the waves by element wave prediction method from weather data. 

2. Calculate local waves by empirical formulas. 

i Add wave energies linearly but the coefficient of energy remender is 

considered. 

4. Calculate a and b by equations (18) and (19) 

5. Substitute a , b to equat ion (10), the probability density equation is 

obtained. 

These distribution model only can be applied in monsoon season, because the 
wind direction remains to be constant and the waves are moderate. Navigation 

and offshore engineering activities have to be done if the probability of waves 

exceeding certain height is negligible. However, during typhoon assailing, 

wave directions change frequently, navigation should be stop and no engineering 

work would take place. Neither the necessary to predict the probability of 

wave height nor the above model can be applied in such a case. 

If the bathemetry and climate situation are similar to the offing of western 

coast of Taiwan, namely the sea bottom shoals gradually and the wind direction 

along the shore such as the southern part of German bight this model might be 

adoptable. 
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