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& 1 Introduction

In this report it will be investigated in how far actual storms
may be represented by simple mathematical expressions of a certailn
kind., We shall consider storms which have the same intensity, and
direction throughout the sea, and which are characterised by a

single rise and fall, We shall try to represent the surface stress
S at the sea level by an expression of the kind

pkt

S = zi:ck S 1.

with Dy > Q.
The surface stress is proportional to the square of the velocity
of the wind at sea level. The duration of the storm may be defined

as the time during which the velocity of the wind exceeds half its

maximum value, 1.e, durling which }Sl > 1/4 XSH8{54? For actual

storms which may be dangerous this period is of the order of one
day.

U

The formula 1.1 will be tested upon the mathematical model of an

infinitely wide sea of a constant depth 2). In this model we
have the following differential eguations

5] 9% U
( (55 +™) v -flv + 8§ = 55
O 1A ( L, 3y _ v
| (:5-3(-;-4‘ )v+w1u+gaymﬁ—ﬁ 1.2
k% 2u ., v , 1 3% _
5x P55y tr3E=C >

and the boundary conditions

coast vy = O v

Il

O,

1.3
i

ocean Y Q.

b

{
{

Here g is8 the acceleration of gravity, A a friction coefficient,
{1 the coefficient of Coriolis, h the depth, u and v averages over
a vertical of the horizontal components of the velocity, V| the

L

elevation of the sealevel above the undisturbed level, U and V the
components of the tangential stress on the surface of the sea due

1) The concept "storm" 1is not used here 1n the meteorological senze,
2) cf. TW 41,



to the wind.
In accordance with the actual conditions of the North Sea we shall
take the following numerical values. |

AN = 0,09 h“"} ﬂ 0.48 hf*q (mean value)

350 km h

1)

b 65 m (harmonic average)

it

I

Next, if W represents the velocity of the wind at sea level

Powrdinal

P
q = ALE?;E;.n 3.5 x 107

in corresponding units,

6 -

The following units will now be Introduced in 1.2 and 1,3

t b/27 \/mgwﬁ = 1.5 h
X,y b/27¢ = 135 km
U,V \/gh = 91 km/h

£ h = 65 m

Then 1.2 and 1.3 become for a situation in which u,v and if are
independent cf X

S (§%+7\)UWQV:&U
('5%+7\)V+Qu+§—§cv 1.4
R P
2_ 5y * st = 0
' ymo, Vv = 0 1'5
i y = 21w, (= 0 ,

where A= 0,14 , {1 = 0,71.
If W is in m/sec, then

S = \/U2+V2 = 1,1 X 10“5 Wa. 1.6

In the case of the historical storm of February 1953 whlch caused
the flood disaster Inthe southern parts of Holland and elsewhere we
have the following data, according to 1.4, 1.5 and 1.6 (mean values
at Hoek van Holland) 1)

Hmw“mm#ﬂﬂmwm“mwﬂﬂm

;1) Cf. Wemelsfelder. De Ingenieur, 14.8.53, p.372.
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time in absolute velocity surface stress y-component xX-component
1.5 hr in m/sec \/m . y o _
0 11 1.3 x 1077 1.1 x 1072 0.7 x 107>
0 13 1.9 " 1.4 " 1.5 "
10 18 3.6 ' -3, A 1.8 '
15 25 6.9 -6.0 " 3,5 "
20 23 5.8 " -5.6 " 1.5 "
25 18 3.6 " -3.5 " -0.8 ®
30 13 1.9 " -1.8 " -0.6 "

By the y-component is meant the component along the long side of

the North Sea which makes an angle of about 150 with tTthe N-=-S5
direction (cf graph 1).

In view of the model consldered above only the effect of V will be
Thus, in 1.4 we shall take U=0.

It will be Tried to represent S, or V, by a formula of the kind

1.1 80 that the part of the curve near its maxinmum resembles that

considered,

of an actual storm. In section 2 an expression of two terms and

one of three Terms willl be considered. It appears that by two

terms a storm may be represented with a slow rise and a steep fall.
By an eXpressilion of three terms a more symmetrical storm may be
represented.,

1T the expression 1.1 is used for the complete T-range t > -

considerable mathematical simplifications are obtained. The
solution of 1.4 may be represented by

. * Py T

S(y,t) = 2_C, ¢(y,p)e ; 1.7
where <P(y,p) 18 obtained by solving the system obtained from
1.4, 1.5 by Laplace transformation.
In formula 1.1 the storm is considered to start at t=0 i.e.
S(o) = 1/4 8 . However, in the mathematical evaluatlion also the

max
complete past -oco <t <« 0O of the storm enters into the consideration.

In view of its practical conseguences the elevation at the coast
(o,t) 1s most important. Its response to a storm 1s likewise &
rise and a fall, howcver, somewhat lagging behind that of the
storm.,

In section 3 it will be discussed whether the part of the storm



I

1.1 has any influence upon the elevation at the coast.

It appears that there is hardly any influence upon the maximum
value of S“’(o,t) . This 1is mainly due to the effect of the friction
coefficient A, However, also the Coriolis coefficient £) has the
effect of an apparent damping.

Therefore the use ol formula 1.1 for t > -co has been validated.
As concerns the numerical consequences we may add that an expression
1.1 with three terms rcgquires a higher rnumerical accuracy than one
with two terms only etc. In section 4 the effect of the two storms
of the Type 1.1 upon the elevation at the coast of the model con -
slidered above 1s computed. It appears that the maximum of the
elevation occurs a few hours later than the maximum of the storm.
The calculations arc also carried out for the case {1l =0. In this

case much hilgher values of ‘S’(o,t) are found.However, this apparent strong

inf'luence of tThe Coriolis-effect might be a2 characteristic of the
particular model.

In a future report the rectangular model of the North Sea 0 <«x < 1T,
O«cy <27 wlll be considered. In this case, however, the influence
of the Coriolis-effect may be expected to be less pronounced in
view of the gulding effect of the coasts at x=0,7TT.

& 2 Storm formulac

We consider a storm formula 1.1 with two terms

0,T PAT
Sa---:--:---.---C@/i =

q ~€ 2.7

wilith Po >Dye

I € and S arc measured in gsultable new units then 2.1 becomes

t O
e 2 . o O S D
. S, = € S
wilth > 1, 5
: _ s 9= a _ T
The maximum of S _ is Smm(em’t )8 and 1is reached at

_ _ ]
tm — g-:—;]— in &
We shall take the numerical case 6 =3/2, p,‘mo.’@, *pgmo.’}B. Then

2.1 becomes for Cqmﬂ

,0.12% 18t > 3

S o= — 0.2176 eo"’



with

Sm = 3.13% for tm = 18.5,

For a few values of © 2.3 becomes

t =0 S = 0.78
5 1.29
10 2.00
15 2.8
20 3.006
25 0.46
30 -11.56

The duration of this storm is about 25 time units i.e. about
37% hr., In order to make this storm comparable to that of an
actual North Sea storm to 2.3 the factor 2 X 10"3 may be added,
Thus we have e.g.

eO.12t O,ﬂat)

V = =2 X 10”3 ( - 0.2176 e . 2.4

This storm (cf graph 2) starts at t=0 and has a maximum of

24 m/sec at t=18.5 and stops at t=24.5,

This storm 1s characterized by a rather slow rise and a rather
steep fall,.

By adding a2 third exponentilial term a grcecater variecty of storm
curves 1s possible and more symmetrical storms may be obtained,
We shall consider the formula

2.5

If in particular p3m3/2 P s p9m3/2 op formula 2.5 1s equivalent TO

S, = u - w3/ ;/ug/h , u=e ° . 2.0

e

. N A \ > R 1 < — / — -
’So may have two zcros between which S_< O. For )y = ?§§~\fﬂ5w0,180

both zeros coincide and hence SO>~O for all u »Q.
From this we may obtain the following formuls

0.18% 0.27t

F 0.006223 e 0.7

With
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S = 3,00 for T

m M 20 .

1

For a few values of €t 2.7 becomes

t = O S = 0,75
5 1.2
10 1.86
15 2 .58
20 3.00
25 2,37
30 0.20
32 0.16

The duration of this storm 1s about 29 time units or~43% hr, ILf
the factor 2 X 10“3 is added we obtain

e0.27t)
2.0

v = -2 x 1073 (e9°12% _ 5.2570 &9-18% | 0.006223

This storm starts at t=0, has a maximum of 23 m/sec at t=20 and
stops at t=29 (cf graph 3).

¢3 The aftereffect of a disturbance

We ghall consider the aftereffect of a disturbance ol the sea.
We shall take the model of the infinitly wide North Sea mentioned
before, however, with (1 =0 in order to avoid mathematical com-
nlications. The equations are according to 1.4

O L DS
5 (at 5 )Kf%*ﬁy = V
RV, > § 3.7
L o+ 22 =0 ,
e
with
! y = 0 v = 0 ,
) 3.2
\L y = 2 “5 = ()

A uniform and constant wind V=-1 ¢ffects the stationary situation

v = 0, ag“’m 21¢ -y,

1T the wind suddenly stops at t=0 the aftercffect of the wind may



be calculated as follows,

From 3.1 and 3.2 we obtaln after Laplace transformation

[ def ’ ~DT w
\’g (y.’f) — j = e )(y:t)dt 3.3
O
etC. 2_
> v
—7 - p(p+A) S = -(p+n ) (2™ -y), 3.4
hY
Wwilth —_
« 3 DY
j Yy = O Sy = O
Iw y = 2 ¢ = 0.
The solution is
@ _ 2rr-y  sinh(2w-y)q
? (yﬁp) - p | i p“a”“"éo"é"m“‘%“a“ 3 3 .5
with a° = plp+) .
At y=0 we have 1in particular
C(0,p) = em _ tanh 27tg 3.6

D Pa

From 3.6 we obtain (cf TW41 section 8)

$(0,8) = 2w -3 (-1)) ¢ e 5T, V-1655%)ar.
O 45n 3.7

where  &,=1 for J=0 and e, =2 for J =1.
L) ) - _.“
The summatlon 1n 3.7 breals off at j= ot

— Tr' — ’
By means of 3.7 $(0,t) has been calculated for a few t-values.
The regults are

t =0 C(0,t)= 6.28
2 4, 4

4 2,73

5 1,32

3 0.03

10 1.4

15 -1.73

20 -0.32

25 0,94



_8.

)
O

O.47
35 -0.07
® -0.30
50 0.13

g

{
T

We see that after an interval of 20 units of time (30 h ) the
aLctleffect 1s relatively small and of the order of 15%. For the
part of the storms 2.4 and 2.8, i.e., for t <0, we may expect an

eff'ectc wadehh Is four timen smaller than that at the time of the

& "

N - T Al d a
rTTST T aaTensity.,
~
St

~n other words, the influcnce of the past of these storms (t <0)
uncn the meimum elevaticon at the coast may be expected to be of

ronoorder of 495,

Ty Todo secticn ve chall detormmine the effect of the storms 2.4
~ 208 upon tho elovalinn ot the coast. If

- . A
\/ — L‘::..........C’l:"" u 9 ll. ® /‘

the coluticon of 1.4 and 1.5 is of the form
s, T

3 - Py, T
C(y,t) .

= 2 Cp Ply,p e : 4.2

Fer Zebluvreary p we find easily

¢ (y,p) = - Siohl2u-g)o +.3

a cosgh 217qg 7

4.

'{;\J . *:% ., 3
hore 5 D

A ¢ P
q T pxp—l—\) +"“'L p_}_'ﬁ o

. - 1. G
CnosY L ST, Lanh 2rge TKT 4,4

Ty Q‘K

T?ﬂ' LLy T 7 "'{’f (j & ”‘% £ 7 :“":z - I T AR O, :
Iy R S S R IP}. ,.L I S P PO {.} PL r)(,.r Aot 1\.) o

Vv, = =2 4 40“3 (@O,ﬂ2t - 0.2176 eO,ﬂBt)' +.5

l

GOgﬂ2t 0.18% O.Z?t)

4.6

v, = =2 x 1077 - 0.2570 e + 0.006223 ¢

oo M ULl D1 lowine Lable is obtained., We have for ¥ in meters
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the second case a maximum
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is only
at the time of the

réc carciul

of Coriolis is
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