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The occurrence of storms and their duration have been investigated
for two locations in the North Sea. The duration of a storm is de-
fined as the time when the wave height equals or exceeds 2.5 meters.
It is found that the number of storms per unit time according to
this definition is described by the Poisson distribution, and that
the duration of the storms equally well follows the exponential
distribution.

1. Introduction

The engineering literature frequently contains papers on long term
and extreme value distributions of wave heights. Also the proba-
bilities of occurrence of extreme wave heights have been investigat-
ed by serveral authors applying the Poisson distribution. However,
little attention has been paid to the duration of storms as well as
the duration of intervals between storms. These parameters are

important for the planning and the economy of offshore operations.

According to the author's information, the most important work re-
garding durations of this kind has been done by A. Jensen et.al.(l)
and P.J. Rijkoort and J. Hemelrijk (2). Jensen et.al. investigated

risks of damage of Danish dikes due to storm surges.

Rijkoort and Hemelrijk investigated whether twin storms occur more
often than expected under the hypothesis of randomness. The pro-
blem may also be stated in the following way: 1s the probability
of occurrence of a storm raised if another storm has occurred a few
days before? They concluded that twin storms occur more often than

expected by assuming storms to be generated by a stochastic process.
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The investigation herein yields the occurrence and the duration of

storms only. As the definition of a storm is in terms of a certain
wave intensity, the analyses are based on wave data. The data are

visually estimated wave heights at the lighthouse of Utsira and the
weather and rescue ship Famita in the North Sea, Fig. 1.

A simple Poisson model forms the theoretical basis for the study.

2. The statistical model

A Poisson process is a stochastic process describing point events
occurring singly in time according to probabilistic laws. The pro-
perties defining a Poisson process are as follows: Let N(t,t+At)
denote the number of events in the interval (t,t+At) on the real

axis. Assume that as At->0, we have a constant A, A>0 so that

prob|N(t,t+At) = 0| = 1 - A(At) + p(At) (1)

prob|N(t,t+At) = 1| = X(At) + p(At) (2)
and consequently

prob|N(t,t+At) > 1| = p(At) (3)

where p(At) is a function tending to zero more rapidly than At.
N(t,t+At) is independent of occurrences in (0,t), which specifies
the randomness of the process. Eq. (3) specifies that the events

occur singly in time.

The counting distribution of a Poisson process is the Poisson dis-
tribution which states

n
(XF) Tt

pIN(t) = n| = T (4

with mean and variance given by
E|IN(t)| = Var|N(t)| = At (5)

A being the average number of events per unit time, or the intensity

of the process.

One of the elementary properties of the Poisson process is that the
probability distribution of distances T between consecutive events

is exponential having the density distribution

1
1 %t
fr(t) = 3 e (6)
with mean and variance given by
1 1
E[t] = ¢ ; Var|t| = = (7

Parzen (3)
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The following definition of a storm has been adopted: A period of
time within which the visually observed wave height H,>2.5 meters.
If in a series of observations at 6 hr. intervals, only one falls
below 2.5 meters, the storm duration is not considered interupted.
When the word storm is mentioned later, it is referred to this de-
finition. No difference is made between wind sea and swell, so the
storm may be caused by wind sea, or swell, or even mixed wind sea

and swell.

Fig. 2 shows the time history of H, plotted as observations at 6 hr.
intervals. The Poisson points may be represented by the crossings
of the level Hy = 2.5 meters. Two different Poisson processes are
present; no.l representing the upcrossings and no. II the down-
crossings of the level 2.5 meters. Points a and c¢ are generated by
process I, and points b and f by process II. According to the above
mentioned definition of a storm, points d and e are not taken as
crossings of the level 2.5 meters because in each case one observa-

tion only falls below the limiting level.

For Poisson process no. I, which represents the upcrossings, the
waiting time for a new storm starts at points b and f, because no
new storm can occur while one is already present. The waiting time
in this process is then equal to the time between the storms. In
agreement with the properties of a Poisson process as mentioned be-
fore, it follows that the time distances between storms are expo-

nentially distributed.

" For Poisson process no. II represented by the downcrossings of the
level 2.5 meters, the waiting time for a new period of H,<2.5 meters
starts at the upcrossings, that is at points a and c. This is be-
cause no new '"calm'" period can occur when one is present. The wait-
ing time for this process is therefore analogous to the duration of
the storms which then also is exponentially distributed.

The conclusion so far is therefore: On .a pure theoretical basis the
duration of storms as well as the time distance between them are

exponentially distributed.

One reservation has to be made regarding the time distance between
storms. Rijkoort and Hemelrijk concluded in their investigation (2)
that twin storms according to their definition occur more frequently
than expected under the hypothesis of randomness. It is however,
not fully evident that the results of Rijkoort and Hemelrijk are

applicable to this particular investigation because:
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i) the definition of a storm as assumed in this paper is
different from Rijkoort and Hemelrijk's definition, and
the data may therefore come from different populations.

ii) Rijkoort and Hemelrijk considered northwesterly storms
only, and a slightly different conclusion might have been
reached if storms from all directions were taken into

account.

It is stressed that there is no physical evidence for remarks i)

and ‘ii).

3. The data

Visual data obtained by rescue and weather ship Famita and at the
lighthouse of Utsira, Fig. 1, form the basis for the present in-
vestigation. The Utsira data include daily observations of meteoro-
logical parameters and wave heights for the 20 year period from 1949
to 1968, whereas the observations at Famita are undertaken 8 times
per day covering the 11 years from 1959 to 1969. Further the ob-
servational routine at Famita comprises wave height reported in half
meter intervals for the months October to March. At Utsira the wave
height is reported in intervals as shown in table 1 for all months

of the year.

Objections may be raised against using such visual data, and especi-
ally the lighthouse data which are of relatively low resolution for
the examination of storm duration. Several authors, however, con-
clude (4), (5), (6), that in the lower ranges there is a good agree-
ment between visually and instrumentally obtained wave data. As the
assumed definition of storm duration refers to a wave height of 2.5
meters, it is concluded that the visual data form an appropriate
base for the study. The alternative approach is to apply instru-
mentally recordéd data. Unfortunately measured wave data of a re-
quired time length do not exist, and consequently one is forced to

utilize what is available.

4. Analysis of data

Using the chi-square test, the hypothesis that the storms are
sampled from a population having a Poisson distribution, was tested.
The test result proved this to be correct within the 5 percent

level of dignificance, and consequently there is no reason to reject

the hypothesis that the storms are generated by a Poisson process.
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The hypothesis that the duration of storms is exponentially
distributed was also tested applying the chi-square test. This
hypothesis was likewise shown to be correct within the 5% level of

significance.

The duration of wind force > 25 kts at Utsira was also found to be

exponentially distributed within the 5% level of significance.

The investigations of the Utsira data are carried out for all months
except for June and July. Because Famita is on the site from Octo-
ber to March, the investigations of storm duration for these data

cover only 6 months.

"The duration data are plotted on semilogarithmic paper applying risk
criteria as outlined by Wemelsfelder (7), which is briefly outlined
below.

Recalling the Poisson distribution

n -—
pIN(E) = n| = (o7t
For n = 0 we get
-A
pIN(t) = n| = e Mt (8)

which is the probability that the number of events corresponding to
A will not be exceeded in t years. m = At = 1 means that t equals
the return period. Substituting m = 1 in eq. (8) gives p = 0.37,
meaning that the probability of exceedance of the number of events
given by A is 0.63. For m = 5, 0.1 and 0.01 we get the probabili-
ties of exceedance 99.3, 10 and 5% respectively.

Taking this into account, straight lines representing the probabili-
ties of exceedance 99.3, 63, 10 and 5% may be introduced, the line
of 63% being given by the plotting positions.

Figs. 3 to 5 show plottings of the data according to the previously
outlined method. The ordinate gives the duration in hours, and the
abscissa gives the number of exceedances per year for the respective

month.

In order to give a visual impression of the goodness of fit, figs.
3 to 8 include typical good and poor fits of storm durations at
Famita and Utsira and the duration of wind force > 25 kts at Utsira.

Fig. 9 is a plot of storm durations at Utsira and Famita for all
months covered by the data and for the yearly frequencies 0.01, 0.1,
1 and 5. It is evideht that the durations are longer at Utsira than
those at Famita, which is most probably due to the fact that Utsira
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is more exposed to swell.

5. Conclusion

Wind and visual wave data obtained at the lighthouse of Utsira and
visual wave data from the weather and rescue ship Famita have been

investigated.

The hypothesis that storms as defined in this paper are generated
from a population having a Poisson distribution is found, by means
of the chi-square test, to be correct within the 5% level of signi-

ficance.

One consequence of this finding, which in theory, is that storm dura-
tions are exponentially distributed. This has also been proved by the

chi-square test to be accurate within the 5% level of significance.

The same level of significance also applies for the duration of wind
force > 25 kts at Utsira.

It is evident that storm durations are loriger at Utsira than they
are at Famita. Most probably this is due to swell from the North

Atlantic Ocean and the Norwegian Sea which is more frequent at Utsira.
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Class number Wave height intervals in meters

0 0

1 0 -0.1
2 0.1 - 0.5
3 0.5 - 1.25
4 1.25 - 2.5
5 2.5 - 4

6 4 - 6

7 6 - 9

8 9 - 14

9 > 14

Table 1. Visual wave height scale in use at
Norwegian lighthouses.

8 ‘ 430



o 8

W. osto

A NEEL
RE

e B
:BRKNEYS \ “) 2

SSSSSSSS

DDDDDDD



H 40 AYOISIH NIl "z "92Id

"SYH NI INIL
% 78 zL 09 8y 9¢ vz Zi
-} +- + ! + + + + + + + +
X
2 o} \ / o]
X/M, \v\v«/.” \\'.A x/.”_/ Q_N
X X X X X —X X
X X— x
X~ N x
/x N
SYILIN NI
IHDIIM JAVM

\

FG'0

TS°1

¢

16°¢

432

10



(N) ¥V3IA "¥d ADNINDIYA

00l 08 09 01 (V14 oL 8 9 14 4 g 9 14 10 8 4 100
]
J‘, ™
- Py
= - 0¢
I~ % &
66N
_/[I lﬁﬂﬁl g v\w\m\h 09
™~ 7# =
N~ =t
~ o\om..b /.I 06
=y

SN ™~ %
%0 0sL 2
\V\/ —
le —
\QNE// P SN 081 m
01z ¢
O
~ oz S
wn

0/

(vyi1sin v L4
NOILVING IAVM 1STHOOd IHL) 8961 - 6761
AYVNYE3d NI SYILIN 67 =Y 40 NOILvdNa °¢ "9lI4

433

11



(N) ¥V3IA “¥d ADNINDIYA

00L 08 09 OV 0c oL 8 9 14 4 1 8 ¢ ¥ 4 L'0 90" V0O 20’ 100
Y~ S~
J I:s/kﬂ Ll ot
‘ S —
/A/ /lf y o\od
I S~ X 668 v\/
. S i
—
~ 06
% ¢ ™~
//I _ _bv\wNNIVW/V //
IIL/_/ i T~ T Oet m
[

%oy . T 051 5
Sty \7 T =
HE/III S~ 0
081 Z
// —
/, 4
s
oL S
) w

04¢

(114 NOILVYNA IAVM dOOD V ) 00€

VAISLN LV 8961 - é6v61 ¥3dN3IDIA
NI S¥3ILIN m\Nm>I 40 NOILvdNa vy "9l4d

434

12

29



(N) ¥VIA "¥8d ADNINDIYS
00L 08 09  OF 0z oL 8 9 4 z oL 8 9 ¥ z I'0 9 0 z0 100

R : 9¢
"9 WJ.
x N

“ : 09

L

oe
b
/
/

QO\O
)
/

/

N
/

801
N N

4}

Y

cel

144}

(114 ¥0Od V) / 961
6961 = 6561 HDYVA NI V1INV 4 N N

891
1V S¥ILIN 67 = "H 4O NOILV¥NG *G “Ol4 Y N
N 0/l

435

SYNOH NI NOIlvind
13



(N) ¥V3IA “¥d ADNIOINA ‘
00l 08 09 O 0z - oL 8 9 4 z oL 8 9 4 z o) %0 0 0 {00

] < <
N L |
N J// N ‘

/
/

9¢

/
A
oX
)
/

N 74

oe

801
o N N N
Yo N :
4N AN AN ozl

“O\ AN zel

< < ryi

(L4 d00D V) AN AN oSt

6961 - 6561 YIGNIAON NI V1INV N
LV S¥3LIN 67 = "H 40 NOILv¥Nd “9 *Ol4 N

091

NG 0zl

436

SYNOH NI NOIlvdNndad
14



(N) ¥VIA "¥d ADNINDIYA

00L 08 09 OF 0z oL 8 9 4 Z oL s 9 ¥ z 1’0 90" 0 z0 100
I/ l/
N N~
N N N
f// N ™~ zl
/ N
/ / ¥Z
7/! //! "
//ﬁ // m./o\Q/L
o+ \5,\// 9¢
/ 08[!/
[e;
// 2 /
- S1y N 8y
NG SN N
N “IN
/ B
o\oy\/ N
SN N
\Qo@/ N
//// N
// ZL
//
(114 d00D TVIIdAL V) //
VYISLIN 1V 8961 - é¥61 ¥3GN3IDIA NI NG
$P GZ = ID¥04 ANIM 40 NOILYYNa “Z 94 /

437

SYNOH NI NOllvdnd
15



(N) ¥V3IA "¥d ADNINDIYA

0
oo 8 9 v 4 0L 8 9 ¥ 'O 90 %0 z0 100 <
s —t At —t
N - 1o
//E 1z
/
N 1al
N - |y
N 1 oe
N */1/ / (114 1S3400d 3HL) "VdISLN 1V
™ % ™ 8961 - 6v61 AMVNYEI4 NI ¥ 67 = T%o
N N U .. =
N // q 30804 ANIM 40 NOILYYNGd "8 9l 1 a3
N o 3
// N vz
z
N AN ye o
N AN 2
\ 09
N o&L/ o&no/. a
SN AN N\
N =) YN 99
) AN 74N
&N NS N
/e /NQ /«\\ 2.
Oy N N
“ N\ N
N 8/
AN N AN
/* // 7/ v8
N N N
N N /7 06
N




HOURS

IN

DURATION

264
252
240
228
216
204
192
180
168

156

FIG.9. DURATION OF H = 2.5 METERS AT UTSIRA AND
FAMITA FOR THE YEARLY FREQUENCIES 5, 1, 0.1 AND 0.01
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