(i) Mon-terminating Random “rocesses

Ry 'non-terminating random processes' we mean
those phenomena vhose development is not confined
to a finite intervel in time, but undergo Fluctua-
tion , change, and developnent for an indefinite
period of time.

Such processes, which include the fluctuation
of meterological factors (rainfall, flodd discharge,
temperature, wind speed, pollution levels, etc)
over long periods of time, involve us in a great
meny eppareatly insoluble problems when we try to
subject them to e probabilistic analysis. Although
we shall poiat out and attempt to clarify these
problems, many of them must remsin unsolved for

the present. ;

The study of extremes most typifies the nature
of the difficulties involved in studying non-term-
inating random processes, and it is the probabil-
istic prediction of extremes which is generally
the most important aspect of ‘their study. mhe other
importent aspect is the detection of past, and the
prediction of future, qualitative changes in the
nature of the process, or significant quantitative
changes. ™his is in sddition, of course, to the
conctrete physical, or experimental, study of the
process, vhich is indispensable to a probabilistic
analysis. .

Por such problems the theory of second moments
is quite unsuitable. Tirstly, this is because we
shall be concerned with values which are widely
divergent froa the expected values. The 'tail' of
a distribution can be defined in terms of the mean
value only if the whole distribution holds to a
constant analytical form, which is in general not
the casq. In short, to study extremes, extremes
must be measured.



It dis interesting to note that mexns of wind
speed, teken over periods of a day, or shorter, and
collected together in distributions covering a
period of a year, or longer, tend to form distrib-
utions vhose variate is best expressed as a ratio
of the mesn. On the other hand, when the variate is

chosen as a mean over a period of longer duration,
or is collected in batches covering a period of
shorter duration, the distribution is one of the
difference between the variate and the mean value.
The implication of this is that, in general, even
if the dispribution of wind speed is considered to
have a scale which is constantly varying, still
the form, ‘or shape, of the distribution must be
considered to be constantly varying.

Purther, with the long periods of time involved,
the processes cannot sensibly be described in teras
of the expected cross-products of the variate. For
instance, if we are given that an extreme gust
occurs at a certain time on a certain date, then
the expected product of its value would for several
hours perhaps be such as to indicate the increased
likelihood of a following gust being extreme. However,
since the extreme gust may, or may not, occur during
a period of correspondinzly high average speed, and
periods of calm may intervene between related extreme
gusts,” the correlation coefficient would rapidly
approach zero, and it would be difficult to express,
by means of an expected cross-product, any information
the known extreme would zive us regarding the modified
probability of a further extreme.

It has already been shown in the previous sections
that the use of a second order moment approach some-
what restricts the freedom with which we can choose
even nnalytical forms for the probability distribution.
Such & restriction is inednissible where we are con-
cerned vith extreme values. Further, second monent



theory depends on the idea that there is a constant,
or slowly varying mean value alout which the variate
is fluctuating. For most meterological phenomena
this is not an accurate representation of the non-
terminating process. The womentary values are deter-
@ined by physical coaditions which may, for instance,
be reflected in the mean or expected value over an
intermediate period. Fowever, this, in turn, fluct-
vates according to other laws, and over still longer
periods may not only fluctuate, but undergo perzanent
change.

Thus, it would seem that even a description of
the process in terms of probability demsity functions
will involve amomalies, since it will be Qifficult
to find any probability distribution which remsine
constant throughout the development of the process.
Still more difficult will it be to find a particular
analytical form for that distribution.

Wevertheless, it shall always be neceessary to
extrapolete beyond en essentially limited field of
observetion, and for this purpose we must choose
some probability demsity function as a basis for
extrapolation. Our aim shall be to increase as far
as is possible the grounds for, and the accuracy of,
extrapolation, and to reduce as far as is possible
the necessary extent of extrapolation.

Refore developing the basis for our study of
extremes of wind speed, the following points regard-
ing the method of study should be made.

(a) Probability, Prequency snd Credibility

When we talk of: the probability of an event, and
the event is well-defined, it may be reasonably clear
what is meant, but there exist a variety of defin-
‘itions. Further, several quite different concepts
may, or may not, be involved, and we should make
the following distinctions.



Frequency of occurrence of an event.

Trequency gains its most precise definition in
the Lav of Large Numbers, but cen be brosdly defined
as the proportion of the total number of future
observations to which the actual number of occurrences
of the event will converge, in probability. That is,
with an indefinite incresse in the number of observ-
ations the actual proportion will lie within some
interval about this frequency, with a probability
increasing with the number of observations.

Thus, the concept of frequency is dependent in
the first place on the possibility of indefinitely
increasing the number of observetions. However, in
some applications such an indefinite increase may
be meaningless. For instance, it may be essentially
the case that the conditions under which a variate
is observed camnot endure forever, and may be const-
antly varying. Vhen the freouency of peak values of
variate is dependent on the value of an underlying
mean, which is variable, then, unless the event can
be re-expressed as relative to the conditions which
determine it, ve cannot define a simple frequenmcy
for the event.

In addition, if we are concerned with extremes,
the number of observetions is essentially small, no
natter what the total size of the sample. ‘any of
these difficulties are overcome by introducing the
concept of a process.

A process.

If an observation is made at random ( for instance
if a point is chosen at random on the record of a
given station, without regard to the year, season,
or time of day), and if we can define the probability
that a certain event is observed, then this probability
may be deemed to be & frequency. If however, we are
to make many observations, then the compound events



ith the inter-relations
between the outcomes of different observations, may
allow us to derive, or test, a process.

which have been thus observed, w

The process is an extension of the idea of freq-
uency in which many frequencies, referring to similar
or related events, are jointly, explicitly or implic-
itly, defined by the parameters of the process. The
most significant aspect of a process is the manner
in which it can describe multiple occurrences of the
same outcome to a series of observations. However,
the ability of a process to describe the occurrences
of differént events, such as the exceedences of
different levels of a variate, is also important.

For instance, the Poisson process defines not
only the frequency of an event, which is its parameter,
but also the frequency of any interval between similar
events. The Poisson process is of course quite dist-
inct from a process in which the intervals between
occurrences is normally distributed about a mean
period, and these ere both distinct from a process
in which the moments at which the events occur are
distributed about a series of equally spaced instants.
Likewise, the concept of Return Periods used in the
statistics of extremes is quite distinct from the
concept of natural cycles.

The choice of a particular statistical process
implies the acceptance of a particulsr physical
model for the natural process generating the events
under consideration.

The Poisson distribution of events rests on the
fact that each event is the outcome an independent
development, which is of a large number of similar
processes.

The process in which the interval betveen two
consecutive events is distributed about its mean
value, rests on the existence of a single process
of development, initiated at the moment of a previous



occurrence, and operating continuously throushout
the interval.

The process in which the instants at which the
events occur, rather than the intervals, are distr-
ibuted about a mean value, depends on the existence
of a regular process defining the series of mean
values whose effects are then modified by another
process which is deemed to be random.

The normal distribution is derived from the
independent activity of many processes which con-
tribute acditively to the value of the varisble,
each additive component having its unique distrib-
ution. If the indepeadent processes combine their
outcomes nultiplicatively, then the resulting
product has a log-normal distribution.

A variable is exponentially distributed if its
value is equal or proportional to the number of
incependent conditions, having enual probability,
which must all be satisfied in order that the

value should be realised. For instance, the interval
between the.arrival of two telephone calls at an
exchange may be seen to be exponentially distributed
siace, in order that its value should be t seconds
or greater, there must be no call in each of the t
seconds following the previous call. Jach of the
“no call' events may be taken to have an equal prob-
ability, which is one minus the average frequency
of arrivals.

The choice of a particular model, process, or
probability function cannot be truly rationalised
until it has both been verified in practice by
messuring the empirical frequency distribution, and
rationalised theoretically by establishing the

_ physical model on which the statistical process
is based.



Tue to en imperfoct understanding of meterology
the author has been unable to derive such a physical
model for the fundameatal distribution of speeds
which is suggested by the observed frequency dist-
ributions. This distribution will be described later.
A study along these lines, to develop a physical
model for the distribution would be enlightening.

If & sct of observations are assumed to be derived
fron the sction of a certain statistical process,
then the relevant frequencies can be measured to
derive estimstes of the parameters of the process.
Together with these estimates of the parameters, and
the assumption that the process itself is correctly
chosen, we may also estimate the probability dist-
ribution for the pacameters of the process. Thus,
it is not only possible to calculate the probability
of an event in terms of the frequencies, but to each
such calculation we must apply the probability ate
4ached to the frequencies themsclves.

Tor instance, if we are deternining the return
period of a certain value of wind speed, and we may
express our conclusion as three different return
periods, all equally likely, given the data in hand,
then, if we calculate the probability that the extreme
will appear in the next, say, 20 years, the average
of these three probabilities would be the best
estimate we could make of the actual probabi‘ljtl
appropriate to the available data. Wote that this
technique would have the effect of weighting the result
towards the conclusion based on the lowest return
period alone.

However, since different processes imply diff-
erent forms for the collection of all observed freg-
uencies, such as the distribution of the intervals
betveen events, it is possible also to question the
applicability of the process itself, and this prob-
ability is over and above that assigned to the choice



of parameters, since this latter probability was
computed on the assumption that the correct process
had been chosen. Thus, the problem of credibility
will arise.

Credibility

Credibility, or confidence measure, or cegree
of confirmation, cannot usunlly be expressed in
terns of frequencies at all.

Tet us suppose that we wish to assign a prob-
ability to the truth of a staement which is neaning-
ful and relates to precise points in time and space.
Tirstly, we cannot ianteroret this probability as
indi.cstiné that the statement in such a degree
true and in such a degree false. "hile one may
consider such a conclusion, this has nothing to do
with probability. “urther, we cannot consider the
probability to be the proportion of similar cases
in which the statement ie true, since we have pre-
‘scribed that the statement refers to particular
points in time ond space.

Por instance, if it were said that the credibil-
ity of the statement that wind records showing a
certain configuration on Sumbel double-log chart
did indeed derive from a process which will con-
sistently obey the double-exponential distribution,
was, say 20pc, and the same credibility was then
assigned for the records taken froa every station
in the country, then it would seea optimistic to
suppose that about 20pc of the stations did have
a double exponential disiribution. On the other hand
if the credibility was computed as 20 pc on the
basis of one record oaly, and all other stations
showed very high credibilities, then, in the absence
of geographical information which indicated that the
one station in question was exceptional, we would
be justified in accepting the hypothesis for that
one station.



Thus, where credibility is concerned, no two
similar cases can also be condidered as independent
cases. The credibility applies to the process as
a whole, and where different observations have been
made of a phenouenon at different places ve must
have solid grounds for asserting that the process
applies at one location, but not at another.

So, a factor of credibility, referred to the

widest possible field of data must be applied to

any results obteined duriag an analysis. If the

credibility for a process is sigaificaatly less

_than one, we nust search for a new process.

Baye's formula for a hypothesis and an observation
It is interesting to note the following implic-

ation of Maye's formula. Let us suppose we have

an hypothesis, H, being one of a set of possible

y , Hy, and aa ion 0, likewise

one of a set of possible observations, 0y. Now,
it is usual to test the hypothesis by calculating
the probability that would be assizied to the ob-
servation given that the hypothosis is true.

®aye's foraula states,
P(0/H).P(H) = P(H/0).P(0) = P(H&O) .

Any one of the first four probabilities appearing
in this foraula may be comouted if we are given
the other three. For instance, we could take P(0)
to be redundant, and compute it as follows,

©(0) 'Z:"m/"i”’(“x) o

On the other hand, if we have a number of instances
‘ in vwhich the same ohenomenon is observed, we might
be able to assign a value to P(0) directly.
Tow, the form in which Baye's formula is usually
applied, and which gives us the probability that we



have selected the correct process, calculated on
the basis of the observations, is

P(H/0) = PIH).P(0/H)/P(0) @

We see that in order to compute P(I/0) we require
in addition to P(0/H), P(H). That is, the observations
may be considered to have modified the probability
of the hypothesis, but we nevertheless require an
initial value for P(H). The ratio by which the prob-
ability of the hypothesis is modified in the above
equation .could be called the degree of confirmation,
If the Gegrec of confirmation is greater than one,
then the’ observations confirm the hypothesis, if it
is less than one the observations give cause to
Qoudt the hypothesis.

It is usual to use a suitably summarised foram
of the observations for 0, such as a single parameter,
the average value or dispersion, or curvagure of a
fitted line etc. Tais facilitates the operation, but,
because of the ratio foru used, it is not essential.
Yote that the set of hypotheses, Hy, if it is used,
must be a set of mtually exclusive hypotheses, or
in general, it must be so chosen as to be consistent
with the methods used to calculate all the probabili-
ties vhich appear in the formula.

It is difficult to see how we can assign a value
to P(¥) without first taking account of the ‘observ-
ations, but this does correspond to the fact that
a single case in which the hypothesis corresponds
to the observations cannot coafirn the hypothesis
unless we begin with some reason to expect the
hypothesis to be confirmed. Tor instance, we may
know of observations relating to other instances
of the same phenomenon, or there may be a physical
argunent supporting the hyoothesis.



Consider, for example, the practice of quality
control in industry, which often uses the Chi-squared
distribution to test the mcan of & supposed normal
population. Typically, velues of one or ¢
must be computed for P(0/H) in order to reject the
hypothesis, 7. This corresponds either to a great
unwillingness to reject the hypothesis, or to a
high value having been assigned to P(H) - the prob-
ability assigned to the hypothesis before the test

wo per cent

is carried out.

This would bejustified if the test was one of
many carried out on the same sample. Tn this case
the results could be re-expressed to include all
the observations as part of a single sample, and
we return to the same point. Thus, it is clear that
the decision to reject or accept the hypotiesis
will be as auch a political Gecision as a zathem-
atical and experimental operation.

The same question would arise if we were to con-
struct an hypothesis to explain, for instance, a
plotted set.of observations which showed a very
irregular and scattered forn, by moulding the
hypothesis precisely to the observations, ignoring
the necessity for a physical argument. P(0/H)
would then be very high, and a suitrbly chosen P(0)
would be very low. fowever, such a low value
would necessarily be assigned to P(H) that we would
confirm with the use of Raye's formula the fact
that P(H/0) was indeed small.

Recurrence and Occurrence

The words ‘recurrence’ end 'occursace may be
used to help clarify how the definition of an event
deteraines the probability that should be assigned
.to the event, and thus influences the credibility
we would assign to a hypothesis vhich is to be
tested on the basis of observations of the event.



An event nay have a very low frequency of Te-
curreace, vhile in fact being a very common occurence.
For instance, the event in which a set of plotted
observations fit closely to a certzin curve, or even
to one of a vell defined set of curves, vhile in fact
the observations are not derived from the correspond-
ing process, may be rare.. On the other hand the event
in vhich the constructor of the curve achieved a good
£it may be a common ocourence. The probubility that
the relevant configuration of plotted points will
recur, while the hypothesis being tested is false,
will be small if the coastructor of the curve simed
only to fit the hypothesis to the observations. If
this is the case, each fit he achieves in this way
is a separate occurence of a common event, and the
event cannot be said to have recurred.

That is, it would appear that if a hypothesis
is constructed to fit a series of observations, then
these observations cannot serve as a confirmation
of the hypothesis. This applies to the process-type,
and is critical where we are searching for a new
process, but it does not apply to the parameters
of the process, since an 'effective method' will
exist for the determination of the parameters, and
the computation of their significance, so long as
the process is assumed velid. Thus, the distinction
between a process and its parameters is vital. Wote
that the more parameters, or 'degrees of freddom'

a process has, the less the degree of confirmation
offered by an ecually good fit.

On the other hand, it is essential that a

process must be selected to fit the observations.
It is contrary to any scientific method to ignore
the observations while constructing the hypothesis
simply in order that the observations may provide
a means ef confirming the hypothesis.



Assuning that the hypot
refined in the lizht of any ot
not fit the hypothesis, the oaly ba
deciding vhether the estima
reflects a frequency of occurrence or a frequency

s will alvays be
ervations which do

we have for

ted degree of confirmation

of recurrence is the physical model underlying the
statistical model. Similarly, it is only within

the context of a physical understanding of a phen-
omenon that we may consider extrapolation beyond the
field of observation, although the extent of the
necessary recourse to physics varies with the nature
and extent of the extrapolation.

(b) Bxtrapolation

From the beginning of an analysis a scientific
vorker must icentify and cefine his field of observ-
ation, vhile strivinz to enlarge this field.

Mhe field of observation will be bounded in time
(recorcs apply to a finite period which is not nec-
essarily typical of previous or subsequent periods).
It will be bounded in space - records will apply to
certain geographic areas, not necessarily typical
of all or any others. ¥ach geographic locabion pro-
vides one observation of a process whose paraueters
apply to a single location. Observations will be
bounded in the megnitude of the variate, and values
outsidc the range of measured values could possibly
be generated as a result of different physical pro-
cesses fron those which have been observed. The
nature of the variste may also be characteristic of
the set of observations; various sspects of the con-
ditions under which the variate wes measured may be
untypical, or unsuitable for some applications. ‘Such
a case arises where an anemograph is olaced at an
unusual altitude which mey meke it difficult to coa-
pare the results with those taken st other stations.
Also,“we must be concerned with all correlations
between these bounds, such as arises when we find
that extreme values have been observed at some, but



not all geographic locations, and we wish to discuss
the occurrence of extreme values at a location where
they have not yet been recorded.

The lest class of extrapolation, in which it is
only required to extend the assuaption of the valid-
ity of the process to cover the coincidence of factors,
under cach of which, separately, it has been tested,
which we shall call 'relative extrapolation', is more
easily justified than its opposite ' absolute extra-
polation'. Note that whether an extrapolation is
Geened to be relative or absolube depends not so
auch on the éxtrapolation itsolf, but rather on the
approach taken in carrying out the extrapolation.

Any statistical anslysis shoul¢ include data which
is specifically designed to validate or invalidate
extrapolation.

For instance, if two stations show a similar
pattern over intermediate ranges of magnitude of the
variate, then information regarding extremes obtained
from one station could rationslly be applied to the
other if such information were lacking at that station.

Alternstively, if a randon varisble, C, is the
sum of the randon variables A and B, then a study
of the observations of both A snd B will allow us
to apply relative extrapolation to a description of
C. But on the other hand, if we take B to be the
Gifference of C minus A, then this Telative extrapol-
ation becomes an absolute extrapolation.

Thus, although relative extrapolation is generally
more easily rationalised, it must be based on a phys-
ical argument which will estadblish the continuity
of the process throuzhout the field defined by the
outer bounds of the observations, and by a statist-
ichl “tudy of the interd of the
of the relative extrapolation.

Yote that rational extrapolation is dependent
on a high credibility for the process itself, and



for the parameters of the process. For instance,
if a curve is fitted throush a set of plotted

points, little error will arise from a poor fit

or fron excessive scatter so long as the curve

is used only for interpolation on ome of its axes.
FHowever, when the curve is extended, then any error

in the fitting of the curve will be magaified. Purther,
the concept of a smooth curve toverds which the
plotted points are supposed to converge becomes
sonewhat questionsble when this curve is extended

to a point where there are no longer any slotted
points. .

(c) Seeking s new process.

If a set of observations do not fit a process,
in probability, then we should seck a new process.

Although it may not always be the case that the
original process is incorrect, or that a better
process is suggested by the existing data, this
‘remains the optimal procedure.

There can be no 'effective method' for the finding
of a new process, but there are several procedures
worth elaborating.

(A) “odification of the original process by increasing
the number of parameters or by replacing the original
variate by a function of the variate. Tor. instance,
a linear relation could be replaced by a parabolic
relation. '

(B) Selection of a new variate. It is usually imposs-
ible, for practic~l reasons, to choose a new field

of observation, and measure a new variate, since

the existence of a larze body of reliable records

is a prerequisite to any statistical study. "he
gathering of these records in past times would have
been tailored to the requirements of the methsd of
analysfs that existed at taat tine, and this may be
the only information available. Fovever, it may be
possible to forn a new variate by combining two or



more distinct observations.

(C) Repitition of the analysis after sorting the

data by distinguishing between different clesses of
observation, and using different processes or iff-
erent process parascters for each class. For instance,
in the study of wind we could ¢istinguish between
sumaer, winter and equinox storas, between cyclones
and other storns, or between large and small values.
Tt is then necessary to weizht the results sccording
to the frequency and significance of each class.

Por instance, if a cyolone had only once been
recorded at a certain station, but this one produced
the highest recorded speed, then we would be justified
in removing:that part of the record temporarily to
study the remaining part of the record, and then
naking a separate study of the cyclone, draving
upon various relevant information that could be
obtained fron other stations. “e would then have to
‘sssign a value ‘to the frequency of such cyclones.
(D) Modification of the process to include space-
and time- variant parameters. Yor instence, if sone
steady movement could be detected over the period
of record, or some sudden change due to a change
in the environnent, then we could reduce each portion
of the record accordingly, and re-adjust the results
for extrapolation.

Any of the following findings may ceuse'the
investigator to adopt one of the above procedures.
(E) Mhe observations show, in a number of instances,
a systeaatic deviation from the fora corresponding
to optimal choice of the parameters. Txcept where
one of the other procedures is recomnenced by a
particular line of reasoning, A) is vorth trying.
Such a systenatic deviation can never be ignored
however.



(F) Several classes of systematic deviation are
observed in differeat instances of the process. If
some physical basis may be found for the division
into different classes, then (C) should be tried.
Otherwise the deviations may be decmed to be
‘unsystenatic’.

(G) The observations shov unsystematic variation,
or 'scatter' from the assuned process, and this is
in excess of the degree of scatter which follows
from the process itself, or to severe to allow
sufficient confiraation of the parsmeters of the
process for extrapolation. ’A) or (C) cannot reduce
the scatter without s severe reduction in the
‘confirmability' of the process. (B) should be tried.
(H) The observations show a systematic pattera, not
necessarily contradicting the assuned statistical
process, or reflected in the computed crecibility,
but not included in the process. Tor instance, soume
sort of correlation may be observed between the
variables conaidcred, or with other meaningful
variables. The process should be expended or mod-
ified to include this, in effect, new data.

(I) The hypothesis fits the observations but does
not lesd to the solution of a particular problem
of interest to the investigator. Preferably, the
process should be exoanded, or modified, retaining
vhere possible the valuable components of the
original hypothesis.

In conclusion, it should be noted that since
the results obtained below relate to only one
station there is no.point in calculating credibility
factors, since these depend chiefly on the con-
sistency of the observed tendencies at Gifferent
$tations. It has been possible nerely to indicate
directions vhich show # greater or lesser potential
for development.



Also, there are many instances where we have
found directions vhich shov a 300d possibility of
developnent and refinement, but we have not carried
these through, since the time involved would not be
Justified by the level which has been reached in
other parts of the analysis.
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