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1e Introduction

The raw data used in this paper is the same as that of the main paper
mentioned on the cover¥*, The number of hours for which the hourly-mean wind
direction and speed remained within a direction-speed category is taken as a
measure of persistence of wind and if the direction and speed remained within
a category for r hours this is called 'a run of length r'. The within-category
frequencies of run-lengths are used to calculate various persistence statistics
for each categorye.

It was hoped that a comparison between the Trawsfynydd and Valley
persistence statistics would reveal the effects of the mountainous topography
near Trawsfynydd on the wind persistence there. Such effects are more likely to
be aiscernible if a paired—comparison between runs is made, but no way of doing
this could be thought of. An unpaired comparison was made but this did not
expose links befween wind persistence and topography at Trawsfynydd. Neverthe-
less, both Trawsfynydd and Valley persistence statistics are given in this
papers

2o Correction for missing observations

At any particular hour in a sequence of wind observations the direction or
speed or both may be missing and we will call this event an 'incomplete observation'.
When incomplete observations occur the sequence is broken and the true beginning
or the true end of some of the runs will be unknown. The true beginning of the
first run and the true end of the last run of a sequence will also be unknown.

A run preceded by or follbwed by an incomplete observation will be called‘an
fundefined runf.

When run~lengths were being counted undefined runs were 'thrown out' so
that some short runs and some long runs were excluded, Since it is reasonable to
assume that there is a greater probability of an incomplete observation occurring
in a long run.than in a short run more long runs than short are likely to have

been excluded and the observed frequency distribution of runs is likely to be

*¥ To be published in Boundary-layer Meteorology
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biassed. This biassing effect is illustrated in Figure 1, A correction for

biassing was applied as follows:
Let an incomplete observation be denoted by an F (for failure) and a
complete observation by an S (for success), and consider a run of length r

occurring in the (i+1)th to (i+r)th position in a sequence of hourly wind

observations.
& T >
i i+ i+2 i4r  i4r+]
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The probability of not excluding this run is the probability of an (s) in the
1 position and then (S/S (S given S)) in positions (i+1) to (i+r+1)s The
probability of (S/S) was not assumed, A priori, to be equal to that of (s)
since it was felt that the likelihood of an (S) in the (i+1)th position would
depend to some extent on whether an S or an F had occurred in the ith positiion.
That is,

prob (S and S) = prob (8) x prob (S/S)
where prob (S) # prob (S/S) since (S) and (S/S) are dependent events.

In fact, when estimates of prob (S) and prob (S/S) were made (see later),

they were found to be only slightly different,

fot probi(S in i'® position) oA
and prob (S/S in any of the subsequent (r+1) positions)) = p
Then, prob (not excluding a run of length r) =t pN'1

Hence, if ~§; is the frequency of runs of length r when undefined runs
have been excluded and.«fr is the frequency which would have been observed had
there been no undefined runs, then

f:-’t'prﬂ"{r
1 )

o fr 2 r+1 f"
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Since p and t are unknown, estimates D and %t of them were made as follows:

number of occasions of (S/S)

P
P =
number of occasions of (S/S) + number of occasions of (F/S)
5 number of occasions of (8)
o t=

total number of occasions

If we now make the reasonable assumption that runs occur randomly in a given
sequence of observations then for each direction-speed category a correction
can be made for the éxclusion of undefined runs using Equation A, Run-length
frequencies corrected in this way were used to obtain the persistence statistics
given in Table 1, 2 and 3. Isopleths were drawn through the mean run~lengths
given in Tables 1¢1, 2.1 and 3.1 and the results are shown in Figures 2, 3 and
4e

Figures 2 and 3 indicate a variation of persistence with wind direction
. and speed at Trawsfynydd but it is not clear how the nearby topography

contributes to the variacions.

3e Distribution of run—=lensths within a category

The run~length distributions for the 84 (12 x 7) categories were obtained
and a brief description of them will now be given. The distributions were all
roughly the same shape; the mode was at r=1 (hour) in all catego.ies and
thereafter the run=length frequency tended to decrease with increasing run—
length value, but rather irregularly. Most of the frequencies were contained

: ' within the region r & 4 (hours) and some distributions had long tailse

The shépe of the distributions suggested that an attempt to fit a geometric
distribution to each might be worthwhile. Moreover, under certain assumptions,
a geometric distribution can be theoretically derived as follows:

Let & be the probability that a given hourly-mean wind will be in the same
category as that of the immediately previous hourly-mean wind., That is, © is

the probability of a 'success™ given that the immediately previous observation

* This definition of a ?!success! should not be confused with that given in
Section 2. 5



was a 'success'e In other words © is the 'stay~on' probability for a particular
category. Hence (1=©) is the *switch=off' probability for the category or the
probability of a 'failure' given that the previous observation was a *success',
Writing S for 'success' and F for 'failure' we have

prob (5/S) = 6

prob (F/S) =

It

1=6

i

therefore, the probability of a run of length r is given by

prob (r) i1 w0)

if, and only if, the 'stay-on' probabilities are independent of each other,

(r=1)
% o e (10

» ] s s/s | s/s ] s/s | F/s

T
In this contexf the assumption of dependence one=back and no further (Markov
dependence) infers that the hourly-mean wind has no 'memory' further back
than the previous hourly mean wind; that is, persistence is weak,

Since 8 is unknown it was estimated for each category as follows:

A number of occasions of (S/S)

number of occasions of (S/S) + number of occasions of (F/S)
Since the number of occasions of (S/S) in a run of length r is (r=1) the

total number of occasions of (S/S) in a category is
0

:E: (r=1) £y

r=1
where'fr islthe frequency of runs of length r. Also, there is one occasion

of (F/S) per run so the total number of occasions of (F/S) in a category is



where r is the mean run-length for the categorye.

The chi-square ()E) Goodness—of—fit test (see Appendix A) was now used to
test the hypothesis of a geometric distribution of run-lengths, for Trawsfynydd
and valley surface winds, and the results are given in Tables 4 and 5. The
Trawsfynydd distributions were fitted surprisingly well; only 1 of the 27 values
of ()f) was significant at the 5% level and this was not significant at the 1%
level, The results for Valley were not so good; T of the 33 values of ()E)
were significant at the 5% level and 5 of these were significant at the 1% level
(highly significant).

We conclude that, although there will be exceptions, in general a geometric
disiribution is a good approximate L;pothesis for the distribution of run-lengths

of hourly-mean surface wind within 30-degree and 5-knot categories.
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The Chi-Sauare Goodnegs=of=fit test

Let a sample of N observations be drawn from a population whose members
have been classified in C ways. Thus, we have a sample of 'observed frequencies',
one frequency for each of the C classes. We now maeke the null hypothesis¥*
that the members of the population are distributed according to some
distribution law and we wish to test whether the frequencies with which the C
classes have been observed to occur in the sample support this hypothesis with
a sufficiently high degree of confidence.

First, we calculate the frequencies with which the C classes would occur
in the sample if the hypothesis were correct; these are the 'expected
frequencies', In this paper the hypothesis was that run-lengths (r) were

geometrically distributed so the expected frequencies (Er) are given by

E =N9r-

v 1(1-9) I‘=1, 2, 3, .....C

where & is the parameter of the distribution,Sihce © is unknown it must be
estimated using the sample frequencies.

Next, we have to determine whether the observed lrequencies (Or) differ
from the expected frequencies (E}) by more than can reasonably be attributed to

chance, If the differences cannot be attributed to chance (that is, to random

u'sampling fluctuations), they are said to be 'significant' and the hypothesis is

rejecteds The decision as to what is attributable to chance depends upon the

probability level ¢ (say) at which we decide to carry out our test. o is

~ usually chosen to be 0,05 and when this value is used we are testing at the '5%

significance'level' or with '95% confidence'.

In order to test whether the differences (Er - Or) are significant a
sample test-statistic which is a.function of the differences is defined and its
random sampling distribution is derived, under the assumption that the

hypothesis is true, When this sampling distribution is known the probability

* an hypothesis we are going to try to nullify
6
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of getting the observed value of the test-statistic can be determined, under the

hypothesis, and if this probability is less than &X +the differences are
adjudged to be significant at the 100 X % significance level and the hypothesis
is rejected with 100 (1 = X ) % confidence,

In the case of the chi-sguare test the test-statistic is

(g g

Y=1 Eyv

It has been shown by Karl Pearson that for large samples* the discrete variable
(;t) has very nearly the same sampling distribution as the continuous variable
)(‘(aefined later) on (c=b)*degrees-of-freedom®, if the hypothesis is true.
The degrees—of=freedom are the number of independent variates in the sum,
'b! is the number of 'linear constraints' (discussed later). Thus although
there are € variates in ()E) only (c=b) of them are independent.,

The )(z variable is defined as the sum of V squared, standardized,

indevendent, Normal deviates:

» 2
e )
¥ /
= |
Thus each X, has its own independent Normal distribution with mean ,L; and.
>
variance 07 .

A linear constraint arises when we use a linear function of the observed
frequencies to calculate the expected frequencies. Two linear constraints arose
when using the Chi-square test in this paper. The first was

(4
g §

and the second arose when estimating © from the observed frequencies as follows:

* Sample size (N) greater than about 50.

7
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When calculating (Xn_-) two rules arise due to treating each cell frequency as a
Normal variate when in fé,ct it is a Binomial variate:
Rule 1. The total frequency N should be at least 50.
Rule 2. Cell frequencies should be grouped so that no expected frequency is
less than 5.
It is also preferable that the number (m) of cells should be neither too small
nor too large. 5 $. m & 20 is good but values of'w less than 5 may have to be
tolerated to satisfy Rule 2.
- When (2’ and its degrees~of=freedom have been determined thenf—tables are
used to ascertain whether (xl) is greater than the 100 o« % critical value of
x

X'. If it is then the hypothesis is rejected with 100 (1 = o ) % confidence,

Figure 5 is given to help clarify the procedure.
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BIASSING OF THE ORSERVED DISTRIBuTION OF RUN-LENGTHS
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