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The report contains a probability analysis based on
data from the weather station Sola, 1957 - 1986: The
probalility for periods of 1 - 2 days which have a
maximum mean wind speed within a given upper limit

(3 or 4 Beaufort) are calculated for the months January
and February. ‘ : ' ‘ '

The results are presumed to be valid for Digernessundet.
The risk for a delay of an operation planned to start

at January 15, and the duration of the delay with
different probability levels is given. :
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S.UMMARY

Thie‘ fepott contains " a probability analysis based on wind_data ffom
the weather station Sola. 1957 - 1986. The probability for a 2  days
period that have a maximum 10 minute wind speed, FX, not exceeding 3
Beaufort (B) the first day and not exceeding 4B during the second day

“is determined.

'In the winter season the’ probability for such events is calculated to

0.17 in January .and 0.28 ‘in’ February. Also probabilities for some
other events are given: B

SOLA 1957-1986

PROBABILITY - JAN FEB
P(3) 0.22 | 0.33
P(33) [ ©-20 | 0.21. | P(3) : The probability for 1 day
' _ - with Fx £3. . . .
P(4) ) 0.47 0.58 . P(33):. The probability for 2 days
' — — . with FX £ 3. - :
P(44) 0.33 [ 0.46 P(34): The probability for 2 days
— : with FX £ 3 the first day
P(34) 0.17 | 0.28 and FX £ 4 the next day.
— P(3)3: The probability for 1 ‘day
P(3)3 0.47 0.64 ' with Fx £ 3, if Fx £ 3
- . also the day before.
. P(4)4 | o.71 0.8¢0 " P(4)3: The probability for 1 day
. with FPx £ 4, if Fx £ 3
P(4)3 0.76 0.85 . the day before.

The operation is planned to start at January 15. The probability. PD,
for a delay is given in the table below for different wind speed
criteria. For example, if the criterion is FXx £ 3B, the risk of delay
is 0.76, and it is 50% chance of starting within - 4 days. 75% chance of
étarting within .10 days. and 90% chance of starting Wlthln 16 days
Due to the "long tail" of the dlstrlbution the ‘levels of high
probabilities are rather poorly determined. )

START DAY

CRITERION . PpD || s0% 75% 90% || 95% 99%
‘ ,

rx$aB 0.53 2. 4. 6. 9. 11,

FX£4B FOR 2 DAYS| 0.64 3, 7. 12. 19. 31.

Fx$3B f 0.76 . 4. 10. 16. 23. 27.

FX£3B 1.DAY ]
Fx£4B 2.DAY




1. INTRODUCTION.

.The background for this repdrt is a request froh Ndrwégian Contractors

concerning operational criteria in Digernessundet. The probilem is::How_-

long do we have to wait for a given weather situation. that is, a day
when the maximum 10 minute wind speed., FX, does not exceed 3 ‘Beaufort
(B) the first day. and 4B the following day. Also asked for. are the
risks of waiting for periods characterized by FX S 3B in . "one or. two
days, and FX £ 4B in two days. The operation is planned to start at
January 15. ’ '

Our institute have earlier made.a report concerning low wind speed

conditions at Digernessundet (1). That report contains a ‘probability'
analysis based on wind data from the weather stations Sola and

Flesland, 1957 - 1985. The probabil1ty for a 3 days period that have a
maximum 10 minute wind speed FX, not exceeding 5 ms _ (~33) the first

day and not exceeding 10 ms (=5B) during the following two days was

determined at both stations. 'It was argued that the data from Sola
- were the most representatlve ones to Dlgernessundet..'

We also have made a report concerning the low w1nd speed cond1t10ns in
Gandstorden (2) in May and June, using data from Sola.

2. DATA BASIS.

2.1. Locality. Weather stations_in the_ area.

Digernessundet is situated in Western Norwaf in the,éouthern part of

Hordaland county. The sound between Bgmlo and Stord branches off to

Digernessundet in the southern part. Digernessundet is situated
between the little island Fgoynd and Stord. 'and 1is directed ESE-WSW
(Fig. 1). The sound is 1landlocked in the sector WSW-N-NE. In the

sector ENE-SE there is a relatively large’ fjord bassin, with the’

islands Borgundegy. Fjelbergey and Halsngy. = Towards °§ and SSW is
‘Bemlofjorden. Thus Digernessundet has a relatively free exposition in
the sector ENE-S-SW., and is more sheltered from the remaining sector.

it is only a few weather stations in the area which may be
represenﬁétive for Digernessundet, due to .its location. That means
"that the distance to the coast line must be of a correspondihg length.
Moreover, the,relati§hly free exposition at the weather stations
should be from the same sectors as for Digernessundet. Now we consider
maximum wind forces of light or moderate forces. Estimations of
maximumﬂwind'forces between the hours of observation frequently are of
poorer quality than the corresponding estimations at the regular hours
of observation. We will therefore only make use of instrumental data.
In (1) we argued that Sola is the most representative station.
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2.2, Instrumentation_and_data.

Soia weather station is equipped with the anemomefer.type Fuess 90z,

- The anemograph is recording the instantaneous wind speed and ‘'wind
" direction .and give in- addition 10 minute mean wind speed. The area

arcund-the weather staticn is entirely flat. The only obstacles are
habitation in 'the surroundings. The anemometer height is 11 m above
the ground. Sola have data series from 1957. The anemometer position
‘is unchhnged- through the period., apart from-.a mineor moving. in 1969
(10-12 m). The data are found to be homogeneous for the period ' 1957-
1986. )

3. METHOD AND RESULTS. .

3.1. Probability of events.

Our task is to find the probability for a 2 days period that have a
maximum 10 minute wind speed., FX. not exceediug 3 Beeutott (B) the

‘first day and not exceeding 4B during the follduing'Qay' Here a day
means the 24 hours period from 19 to .19 o'clock local. time.' The

probability for such a 2 . days period is here called P(34)

At * first we will.find the relative frequency. f(E), of Qccufrence of
an event, E}.by counting the number of successes and then divide with
the total possibility for successes.

We have used a data programme that makes such.countings (unfortuuately.

for only the same event for the concerning period). where the result.
day by day is listed in a table. and where the relative frequency for
1 day with a given event is computed

Example :

The total number of successes in one month are 1 1ess than number of
days of that month. Suppose a period is looking like : 2363343323446,
The numbers represent the daily maximum wind forces (Beaufott): Here
the number of cases of 34 are 7. Further we suppose  that the total
number of cases during a period of 30 years is 151 in January. Then
the relative frequency is £f(34)=151/((31- 1)x30)=0 17.

Consequently we must do a manual counting of the cases when the event
34 has occurred. That work is based on two tables (mentioned above)

'with the events 3 and 4 Beaufort respectively. As a result we get the

relative frequency of the event 34 for each month.

As kuown- from the statistical theory the probability of an event is
taken as the relative frequency of occurrence of that event when the
number of observations is’ very large. For our problem we must use the
relative frequencies as approximate probabilities.
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SOLA 1957-1986

JAN FEB
£(3) ~ P(3) 0.22 0.33
£(33) ~ P(33) 0.10 0.21 P(3) : The probability for 1 day
— —— - .with Px £ 3. :
£(4) ~ P(4) | o0.a7 0.58 P(33): The probability for 2  days
- —— —1— with Fx £ 3. R
f£(44) ~ P(44) 0.33 0.46 P(34): The'ptobqbility for 2 -days
- — - . with FX £ 3 the first day
£(34) ~ P(34) 0.17 | o0.28 and FX £ 4 the next day.
‘ P(3)3: The probability for 1 day
£(3)3 ° P(3)3 0.47 0.64 with FX £'3, if Fx £ 3
—_— also the day before.
£(4)4 T P(4)4 0.71 0.80 P(4)3: Thevp;obability»for 1 day
. : . with Fx £ 4, if Px £ 3
£(4)3 7 P(4)3 0.76 0.85 ' the day before.’
Range of ) .
successes wifh 0-14 1-17
34 in one month.
"Number of years .
with : ’
O . cases- 4 0
1- 5 " . 13 11
6-10 " 9 12
11-15 " 4 4
16-20 " 0 3
>20 " 0 0

Table 1. Some relative frequencies, f, interpreted as
' probabilities and the frequency diétribution
of the event 34 in the period 1957-86 at

Sola._ ' ‘ )

»

The- probabilities for the different gvénts of low wind speeds are
higher in February than in January. Such differences has been shown to
be significant (1) and the reason probably the more frequent
situations of blocking high in the North Atlantic area at February.

By <comparing results ‘ébove and from (2)., we also see that the
probability of having a day of FX £ 3B is higher in January (0.22) and
February (0.33) than in May (0.12) and June (0.15). The low summer

values were due to the sea breeze effect.
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3:2. Risk _of delay.

'The operation is planned to start at January 15. What is the risk then
that it will be postponed ? And for how long time may the delay last »
We have ' calculated this delay with different levels of probability

(i.e. rélative‘frequencies‘interpreted as probabilities).

Example: o N

We look ‘at FX £ 3B. The.30 years record of'days of delay then is: 3 23
0011021400324 120 13 3 7301031202450 0. The .90%
level (reached when 27/30 of the Years first obey the criterion) here
-is found after 13 days of waiting, while the 95% level isv reached
after .24 days. It is easily seen that the lbng tail of 'the
distribution produce poor estimates of how long we do have do wait to
be fairly sure of finding a suitable day (period). - :

" To reduce the effect of random errors without introducing seaﬁonal
disturbance. we have pfoduqed a set of data by varying the ' gstart day
from January 8. to 22. (15. + 7 days). However, itvis'bnly the deter-
mination of the risk of delay together with the probability 1levels
which is reached within 10 - 20 days that is significaht;y improved by
such an extension qf the data. The few years of long periods with . bad

Vwea;her pPropagate through_thé'data when the tail of the distribution
is concernead. The standard deviations of the higher levels therefore

" cannot be estimated from the data set. apd it is an unknown parameter.

FX £ 3B : ‘ . : FX $ 4B o ,
SOLA | 50 75 | 90 95. | 99 50 75 90 || 95 99
57-86 PD % % % % PD % % - % %
8/1 [-0.73 3 7 12 17 31 0.47 o,| s 6 || 13 15

9/1 0.73 4 6 11 16 30 0.50 o' s 8 12 14
10/1 0.80 4 8 12 18 29 0.63 2. 4 7 11 13
11/1 0.73 3 7 11 17 28 0.57 1 4 6 10 12
12/1 0.73 2 6 10 16 27 0.53 1 3 ] s 9 | 11
1371 0.80 2 5 | 12 26 26 0.63 1 3 '5 8 10

14/1 0.70 2 5 14 25 25 0.53 S1 3 4 7 9
15/1 0.67 2 5 13 24 24 | [o.40 0 2 5 8 8
16/1 | 0.73 2 | 10 | 18 23 | 23 0.53 1] 2 5 7 9
17/1 0..70 2 9 17 22 22 | (0.47 0 3 5 . 6 | 8
18/1 [ 0.70 3 9 16 - 21 21 0.40 (R 2 4 5 7
19/1 0.77 4 8 20 22 27 0.60 1|3 4 6 | 11
20/1 0.87 6 14 19 26 | 26 0.50 0 3 5 9 10
21/1 0.90 5 17 20 25 | 25 0.57 1 2 5 8 9
22/1 0.87 4 16 19 24 | 24 0.63 1 2 4 7 8
MEAN 0.76 3.2 8.814.9(|21.5]25.9 0.53 0.7} 3.1 5.2 8.4010.3

sp. ] 0.07 | 1.3{ 3.9 N 0.08. J 0o.6) 1.0 1.2
START DAY 4. 10.| 16. 23. | 27. 2. 4. 6. 9. 11.

Table' 3a. Probability, PDL for a delay for an operation limited by the
‘ given FX - crit;ria. at January:15 (+ 7 days). The duration
of the delay (in days) with different probability levels (%)

is given. Also mean and standard deviation (SD) are presented

when meaningful.




AL,

1.DAY: FXx £ 3B & 2.DAY: FX £ 4B,

1.DAY: FX £ 4B & 2.DAY: Fx £ 4p.

SOLA -~ .| so | 75 ‘] 90 95 | 99 | . | 50 | 75| 90 95 | 99
57-86| PD % x| % 2 | = PD % % % % %
8/1° | 0.77 6 | 20 | 38 45 | 48 | [o.57 2 9 |13 [|] 14 | 29
9/1 | 0.83 | 8| 19 | 37 44 | a7 0.70: | s | 8 [12 || 13 | 2%
10/1 | o0.80 ‘7 | 18 | 36 43 | 46 0.67 4 7 | 11 12 | 27
1171 0.77 6 |17 | 35 42 | 45 0.67 | 3 6 | 10 11 | 26
1271 | o0.83 5 | 16. | 34. 41 | as 0.70 | 2 6 | o 11 | .25
13/1 | 0.90 4 | 15 | 33 40 | 43 0.77 2 5 8 10 | 24
14/1 | 0.77 3 | 14 | 32 39 | 42 | [o.60 1 4 8 12 | 23
15/1 | 0.77 3 |13 |3 38 | a1 0.60 2 5 8 22 | a7
16/1 | 0.73 3 [ 12 | 30 37 | 40 0.67. 1 5 7 21 | 36
17/1 | 0.70 3 | 18 | 29 36 | 39 0.57 1 2 9 20 | 35
18/1 | o.s80 8 | 21 | 28 35 [ 38 | |o.67 '3 5 8 26 | 34
19/1 | 0.83 8 | 20 | 27 34 | 37 0.57 2 |7 [x8 || 25 | 33
20/1 | o.90 7 | 21 | 27 33 | 36 [ [o.57 | 2 6 | 17 24 | .32
2171 | 0.90 | 12 | 25 | 26 32 | 35 0.57 2 | .6 |16 23 | 31
22/1 | 0,93 |11 | 24 | 25 31 | 34 | Jo.77 4 6 | 16 || 22 | 30
- - O " - . - - -
MEAN | 0.82 | 6.3[18.2]31.2][38.0(39.5| [0.64 | 2.4 5.9111.3{17.7(30.0
"sp | 0.07 | 2.3 : 0.07 | 1.2 1.4 ' )
START | 7.1 19.) 32. ]| 39. | a1. 3. 7. a2 ] 19, 31.
" DAY ' ' '

Table 3b. Probability, PD. for a delay for an operation limited’ by the
given FX - criteria, at January 15 (+ 7 days). The duration

of the delay (in days) with different probability 1levels (%)

is given. Also mean and standard deviation (SD) are presented

when meaningful.

If we require that FX £ 4 B for 24 hours (19-19). it is a risk of
delay of 0.53. It is a probability of 0.90 to satisfy the criterion
within six days. and one should be fairly sure within 11 days. For a
two days period it is a risk of delay of 0.64, 'a probability of 0.90
to satisfy the criterion within 12 days., and one should be fairly sure
within a month. - o

If we require that FX £ 3 B for 24 'hours (19-19), it is.  a risk of
delay of 0.76,' It is a probability of 0.90 to satisfy . the criterion
within sixteen days., and §ne should be fairly sure within 4 weeks. For
a two day period where FX £ 3B the first day and £ 4B the second day,
the risk of delay is 0.82. The probability of 0.90 to satisfy the
criterion is reached at one month. and one should be :fairly sure
within 40 dais.

The results illustt;te that a period with bad weather can last very
long at the winter time. However, the risk of 1long delay is
considerably lowered when the criterion of daily maximum 10 min wind
speed is changed from FX £ 3B to FX £ 4B.
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- February. than in January. A more detailed analysis of the data

As seen from Table 1 the frequency of low wind speeds is hlgher in

that this is "especially true from the second to ‘the fourth week of

February. A start point ‘within the first two weeks of this month as a

consequence has a significantly lower risk of delay than is the case
at January 15.

4. REFERENCES.

(1) Andresen, L. and Harstveit, K.:

“Ptobabilities for periods with low wind speed
in Digerneasundet

Rap. no. 54/86, DNMI/KLIMA 1986.

(2) . Andresen. L. and Harstveit, K.:

"Probabilities for periods with low wind speed
in Gandsfjorden." : ’

Rap. no. 9787, DNMI/KLIMA 1987.

showa




L0 LY VR T

[ JA “Kleaph 4 : ' e _ /!
s E ik cKlosgha X\/_E{S’:an { >ﬂ

! L Y 7, LN
}‘. . ) Mar!(emen ‘Svd *-Lépsoy lnnes :Saldevimym \\.\u_\\'(\(\\.m "I A
i By 0 9
. uswvun ¢l'ﬂ ’% B)brnugor(\e\t . Varafi }m s Hyeseast “‘mmu\«\“- -
X stevo%,, M&lkenasa Oé(x . L $roneim fossen 2 Litios S
v 4 > =
V3. Lutn}mrend ODDA’ [_:-. A "4\ /5—-\/'
L Tt Sbwnml:‘ .
1674 - -

o : 3
7~ a T Vallaalsietar o S CAEN N
//u'F'OSS CRkare 18 J - . ™ fSakrisoy 0"-'Il, \ \'a bt
b Storafonn ﬂl’; » \) ) R \\.
"RSelestad d e ™~ - \
< ) "’p,, §r Bordalen Berundons,
vamraisfiongd S - .
.Ronal ' X 2uke
IE' Onn 0]
: Q¥ Aasi .
z /J\yrk/rnul _ V B alyrwa S~y "‘B', U"’:d 5
Sfenauale Y 4 ) jpgein ‘ Haukeinend \ §ds
C , \ ndajst. -, &ﬂ G(noea&ﬁ
nasbyc a/ . / ' - - - .

o,

o .
SAUDA 1539

: M sm?u??’noen \
Skaudel _ ’

? - Vrnpes.y-ﬁ'
Q_deen . ’“"“

Z+70 Bratveit

Mostot
. -Su\uﬁ‘vi’”

i 50_"19“‘
i

O o~ ~—
> R
\"* ~JHostemo '%_ ..
Torvastad Naaw b Fo;“nd Sctc:z{?zl&h&auc~ ;

TR

F& G -
: w\\’?s‘fq a2 'dS Hs '.-
valavagd K &S e
G b oks Y
ved,,,“r‘i 'kﬁl tlevifo

armo) GAEPER!

e/
o ?ykl Bjartievassh,
“Bratteland

ol

Aelle E

Hahelleren
<

5‘1 P L(Lpngeid
"
ﬂg T;omfaalsn.(/

/AQ&\S!EMM!?/

LjoSrnd x
: \ Akern

ng the location of Dlgernessundet
Figure 1. Mag %ggwéegther station Sola. -



