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s Five year extreme predicted by the Weibull Method

When considering the estimation of extremes it at first seens

r~asonable to assume that a better estimate may be made of the once in

i

year extreme value than the once in 50 year from a record containing,

a

(4]

<

, 20 years of data. However, the method used in estimating the

extremes must also be considered. All of the data are used for the fit

(0]

to a Weibull distribution which is defined by 3 parameters. These 3
param=ters are then used in an expression to estimate all extremes
regardless of return veriod, which is the only variable in the expression.

o

The three parameter Weibull distribution is given by:-

| m |

P(x) = 1 - exp - (x=xs ) i
!

i c i

where X , m and c are the three parameters derived from the data.

The expression used to give the extremes is:-
i =
x=exp |R+mlne | +Xg

i m

— -

Where R is the variable giving the return period in terms of the number
of observations which would be expected during the chosen return period.
Some early work on extreme values cémpared extremes estimated using
the Weibull distribution with those derived from an analysis of extremes
using the Gumbel (or Fisher-Tippett Type I) distribution, which is
generally considered to give much better estimates. This comparison
seemed to confirm the assumption that Weibull estimates of extremes
at the 5 year level were in good agreement with the 5 year extremes from
the Gumbel analysis. It was also noted that for return periods less
than 5 years the Weibull estimates of extreme value were overestimated
and for return periods greater than 5 years were underestimated when

compared with results from the Gumbel analysis.

i




Most of this earlier work

anslyses on data from coastal stations.
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. Table 1.1 Return periods at which

both the Gumbel and Weibull methods of extreme

value analysis estimate the same extreme value.

Station

Tiree

Scilly

‘anston
Squires Gate
Valley
Gorleston
Fraserburgh
| ' Lerwick

Stornoway

-

wick
X Thorney Island

Portland Bill

Return period

vears

L

1
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P2 Ratios used in directional Weibull analyses

—
cr

is often necessary to give estimates of extreme wind speeds

[0}

from different directions. Standard once in 50 year return pericd values
of hourly mea: wind sp=eds have been calculated for sea areas surrounding
the britisﬁ Isles. These are recorded in the Department of Energy
Guidance Notes for reference.

In the past the Weitull method has been used for all directional
analyses even when the data would normally be considered more apprepriate

ong period (at least 10 years) of regular

=

for the Gumbel method, ie
observations. Work is being carried out to find out whether the

Gumbel method can be used for directional analyses. However, in most
cases the Gumbel method cannot be used even when an all direction extreme
is required because the observations are not evenly distributed in time.
This is the case for most observations at sea. These observatiorns are
made by the deck officers of merchant shivos during the course of their
voyage. The data are random in both space and time and add to the
problems of directional anslyses because it is not known whether the

directional distribution of the ohservations is real or biassed due to

1

poor sampiing. The usual practice when esta

~ating directional extiremes has
been to find the ratio of the once in 50 year extreme in each direction

sector witn that given by the all direction enalysis. These ratios are then

used to scale the guidance note value appropriate to the area or station used.




It has been suggested in view of earlier work, discussed in part 1
that a more accurate scaling of the guidance note value would be produced
by using the ratio of the extremes having a return period of once in
5 years. Some work was carried out in this way but in view of the

results of part 1, ie that the 5 year extrems value estimated by Weibull

is not always comparable with the Gumbel

n

v

year extireme, it was necessary
to investigate the magnitude of =ny errors which may have arisen by using
the 5 year ratio as opposed to the 50 year ratio.

The method of scaling the guidance note 50 year extreme hourly mean
wind sperd value only produces an equivalent directional 50 year extreme
and does not provide better estimates of events having different return
periods, although this has been attempted by using wind speed growth
curves (see Part 3).

s Three test areas were chosen in the North Sea. The positions of
these areas are given in Table 2.1. The period which the data covered
in each case was Jan 1961 to April 1980. The data were divided into
12 directional groups of 300 and, for each area, the following ratios
were calculated for each direction sector, using 'eibull extremes:

year ratio 50 year ratio

ctional extreme = 50 year directional extreme
direction extreme 50 year all direction extreme

re
1

The resulting ratios are shown in Table 2.2. There is very little
difference between the ratios derived from the 5 year and 50 year values
for each direction at each of the 3 sites. Figure 2.1 shows that, in
general, there will be very little difference between the ratio
calculated from the 50 year values and the ratios of the other return
| pariods for each direction goup.
. The ratios derived for these three areas indicake that there will be
. 1ittle difference in the resulting 50 year extreme whether the guidance
note value was scaled using the 5 year or 50 year extreme values.

| Ak

' 24 - R



Consequently, the work done using the 5 year ratio for scaling, based on
the erroneous assumption that the Weibull method gives a 'correct’
estimation of the 5 year extreme, will not be greatly in error. But,

equally, there is no advantage in using the 5 year extremes. i




Table 2.1
Table 2.2
Sector Direction
rwaoer degrees

1 360-10
2 20-40
3 50-70
4 80-100
5 110-130
£ 140-160
7 170-190

§ §

200-220

Area

Positions of the three sea areas used

Latitude Longitude
degrees

60-62 N 1 -4 E

57-59 N 2W-1 E

51-53 N 2 -4 E

Five and fifty year ratios for each area

Area 1 Area 2 hrea 5

5 year 50 vyear S5 year 50 year 5 year 50 year
ratio ratio ratio ratio ratio ratio
0.93 0.93 0.97 0.98 0.96 0.96
0.95 0.95 0.90 0.92 0.97 0.98
0.81 0.81 0.77 0.73 0.88 0.87
0.79 0.81 1.01 1.02 0.90 C.90
1,43 117 T:15 1.16 0.98 01
1.06 1.06 1.09 1.10 0.98 1.00
1.05 1.05 0.94 0.9k 0.97 “‘jé;ga;
1.¢4 0.96  0.96 .92

1.05:

0.99

0.9k
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3. Wind speed growth curve for extreme values

In Met O 13 Branch Memorandum 55, A F Jenkinson records a
standard growth curve for maximum annual wind speeds which is well
defined up to a return period of 200 years. Table 3.1 lists the
growth curve using the 2 year return period value as the base figure.
Jenkinson used 45 coastal stations grouped by area and 6 different
periods within the whole period covered by the déta. He corncluded
that the maximum wind speed growth curve was essentially the same for
all stations in all areas, and was as shown in Table 3.1.

Table 3.2 shows the individual growth curves for mavimum annual
wind speed calculated for 16 locations, of which 14 were land stations,
mostly coastal, and 2 were ocean weather stations (OWS). Of tnese
1¢ stations only 7 have growth curves similar to the standard one.

The growth curves were calculated from the results of Gumbel extreme
value analyses. It would appear that, although Jenkinson used far more
stations and lookad more closely at the results, the standard growth
curve cannot be taken as applying to all stations although for practical
purposes it would often give very good results.

‘ The original application of the wind growth curve was td‘:glé;g

wind speed with significant wave heights, It has since beé.used“ioj

~ produce 'corrected' extremevvalﬁesfwhefevthe':%ﬁﬂéétahéﬁﬁﬁeéw analysed




-
-

As discussed in part 1 it has been believed that Weibull extremes
at the once in 5 year level were comparable with those from Gumbel
analyses at the same level., Consequently, in some studies the Weibull
method was used to estimate the once in 5 year extreme and the growth
curve was ;pplied to produce extremes for the other return periods
required. This would have produced erronsous extr=mes at all return
periods, since th=s 5 year extreme is unlikely to be correct. Even for
those coastal stations where thes two methods gave the same extreme at
the once in &4 year level the application of the growth curve will have
produced progressively poorer estimates of the 'correct' extreme.

An example of the application of these two assumptions; i) that
Weibull gives a good estimate of the 5 year extreme, ii) the growth curve
is applicable at all sites, is contained in the Stevenson Report (1980),
where winds at the Lerwick land station were used for comparison with
winds from the Stevenson station (positions shown in Figure 3.1). The
winds at Stevenson covered the period February 1973 to February 1976 but
contained many short periods where no observations were available.

These winds were comparsd with a long period of wind data (41 years)
from Lerwick aﬂd alsé with the corresponding short pefiod.

Table 3.5 shows the resu*ts derived ’rom the short per1cds




though much better than the original Weibull extremes would have been.

Figure 2.2b shows the results obtained with 'corrected' extremes (table 3.5)
derived using the VWeibull method and assuming that the 2 year extreme
is a good estimate. t is known from the results in Part 1 that the
2 year extreme derived using the Weibull method is comparable with
the Gumbel derived 2 year extreme. In this case the final results
compare favourably with the Gumbel extremes though they are still
slightly underestimated.
This example emphasises the need for great care when applying
standard ratios to extreme value analysis, the extremes in the case of
the 'corrected' Weibull values for Lerwick are underestimated by 2 ms-1
at the 50 year return period using the one in 5 year extreme as the
original 'correct' value. These results were then used for comparison
with the Stevenson winds and a similar technique applied to ‘correct'
extremes from this data, again assuning the one in 5 year extreme to
be 'correct'. The technique has been shown incorrect for Lerwick and
though nothlng is known about the long term climate at Stevenson the et s

AN

same technlqup was anplled. Whlle 1t is reasonable to assume that the‘

clxmats 1s s1m11ar to that at Lerwmck, the dlfferences which do exl,




Table 3.1 Jenkinson's maxin
Return period (years) 2
Growth curve 1.00

Table 3.2 Table of maximum

Return period (year) 2
Station
Stornoway 1
Valley 1
Prestwick 1
Wick 1
Fraserburgh 1
Lerwick 1
Squires Gate 1
Manston 1
Dungeness 1
Portland Bill 1
Tiree 1
Thorney Island 1
Scilly 1
Gorleston 1
ows 'Jg! 1
Ows 'I! 1

.

N

1.11

1.1

1.11

10

annual wind speed grovth

curve

-
.
=
\n

ik
.

=
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Table 3.3 Lerwick 'corrected' extreme wind speeds from the Stevenson Report.

Return period (years) 2 5 10 20 50 100 200
Extreme wind (r/s3) 25.0 27.7 29.2 3.0 33.3 35.0 36.8
Table 2.4 '‘Gumbel' extremes for Lerwick, using Met O 3 standard results.

Return period (years) 2 5 10 20 50 100 200
Extreme wind (m/s) 26.3 29.3 31:.2 5.1 35.5 37.3 39.1
Table 3.5 'Weibull' extremes for Lerwick, 1970 to 1981 hourly mean anemograph

wind speeds. Corrected using Jenkinson's growth curve.

Return period (years) 2 5 10 20 50 100 200
Extreme wind (n/s) 26.2 27.5 28.3 29.2 30.3 31.1 31.9
'Corrected' extreme 26i2.. 284 307 32.5 34.9 36.7 28.6
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kb, Expression to correct for persistence in data used in extreme value

analysis

Meteorological variables are highly persistent and this persistence
was believed to be the major cause of the differences between extremes
derived from annual maxima using the Gumbel (or Fisher-Tippett Type 1)
distribution and those derived wing the whole spectruﬁ of data with the
Weibull distribution. The extremes estimated by the Weibull technigue
are for short return periods, overestimated when compared with those
from the corresponding Gumbel analysis, and underestimated for longer
return periods. For some time it was believed that 'short' return periods
were those of up to 5 years and"longer' return periods those
greater than 5 years.

An exponential expression was derivad by Painting (Appendix I)
from studies of wind speeds at ocean weather station 'I', this
expression took the form:

Pila) s 0 ~exp Confa )Y 44)

Where A is the mean percentage of observations of winds > 60 kt
(the threshold value) and P (n) the proportion of years with winds
= 60 kt occurrzng in the range (O-n) per cent.

~ This expre531on was then assumed tc gpply for all threshold values

'atvany site. It was redefzned in general te“

o

e



The general. form éf the expression was given by:

Pv (x) = 1 - exp (- x/f) (2)
Where v is the threshold value or extreme value concerned, and § refers
to the return value of v or the proportion of exceedances occurring in
one year (eg for the once in one year, ¢ = 1; once in 5 years,
ﬁ = 0.2). The number of exceedances actually occurring in any year
is given by x = 1, 2, 3 ecs.. and Pv (x) is the proportion of years
with v exceeded on x occasions. Pv (x) is equivalent to r/Y, where
Y is the total number of years involved and r the number of years with
x exceedances of v.

Expression 2 defined in this way can be used to give the proportion
of years which actually contain the exceedances of v. To illustrate
this consider an example in which there is, on average, one exceedance
per year. In Y years there will be E exceedances of v, the one year
extreme, where £ will be equal to Y. However, the occurrences will not
be evenly distributed, there will be some years with only one exceedance
of v, , some with 2 and some with 3 until all E exceedances are used up.

Expression 2 shows that all E exceedances will be used up in 0.42 Y years.

Painting then says that this can be used to give an 'aquivalent’ rpturn;;
period of 2.38 years (Y/b.kZI); for the once in one year event. Tﬁi§f1’

implies that at least ane‘exceedancéﬁgﬁ‘f;} ‘y§;l“take_p;gc§‘gve e



years, or effectively 1 per year on average. The second option is not

practical because the precise seguence of occurrence of exceedances in

s not known.

(W

ny period of years

o}

The difference between the actual return period for the event which
occurs, on average, once in 5 years, vg , and the 'equivalent' return
period is negligible. This is because it is much less likely that v

will be exceeded more than once in any year and so all E exceedances

n a total period of Y years (where E = ¥/5) will still occur in 0.2 Y

[WH

years. The same is true for longer return periods.

Conseguently, expression 2 cannot be used to give a general correction
for persistence. It does indicate that for the more frequently occurring
event, eg the once in one year case, the actual exceedances do not
necessarily occur once each year but can occur up to 3 or 4 times in any
one year providad that the average over a number of years is once per
y=are.

Thus, Paintings method adds very little to the practical methodology,
and unfortunately, closer examination reveals that the exponential

expression devised is not reliable.

the expression accurately describing the cumulative percentage of

winds below the threshold value and secondly upon the proportion of years
with repeated exceedances being the same in every case. The expression
was tested (Appendix III) with several datasets for various threshold
wind speeds and was found to be a poor fit to the data in almost every
case. The main problem was P(O) which is always equal to zero in
expression 1, but usually greater than zero for real data. A modified

expression was proposed as follows:

-11=-




.P (n) = 1 - exp [:(-mn + c)]

where m=A and ¢ = P(0). This expression gave a good fit in most

cases but it cannot be used generally as was expression 1 because ¢
can only be defined by real data, and is unique to the case under
consideration.

In conclusion, expression 1 gives a poor fit to real data in most
cases and the improved modified version cannot be used in general.
Tne generalised version of expression 1 cannot be used to correct return
periods affected bty persistent data because it does not fit the data
well., The method can ornly be used to give an average return period, and
therefore, adds nothing to existing techniques.

It should be noted here that persistence is no longer believad
to be the major cause of the differences between extremes derived using
maxima and the whole spectrum of data as a result of work done in the
Mateorological Office and by research workers elsewhere eg Grigoriu

(1980).




Preliminary note on the Variability of Weather
gtatistics as observed at OWS 'I?

By D J Painting

1s Introduction. To deterzine long period statistics for design and operational
purposes in offshore areas a long and continuous series of reliable measuremenis
are required, preferably made at or nearby the area of interest. In many cases
such data do not exist and the problem may be tackled by establishing an observing
station at the site for a relatively short period in order to characterize the
local climate. The question then arises as to how long need such a station operate
to ensble reliable long term statistics (extreme and operational) to be deduced.
To attempt to answer this question wind data at OWS 'I' have been studied over the
period 1957-1973. This Ocean Weather Station,continuously panned by prefessional
observers,can be considered to give the most reliable data available at such an
ocean sits.

2s Wind statistics. This preliminary note has involved the study of the annual
variability of high wind speeds (> 60 kt) since accurate knowledge of the long

term proportion of wind speeds at or above this level is crucial to the determination
of wind speeds at long return intervals.

3 Resulte. A time series of the proportion (%) of winds 7 60 kt each year
(1957—1973) is shown in figure 1. This shows wide year to year variastion with an
extreme range of O to more than 0.13%. Equivalent return pericds for winds egual *o
or greater than 60 kt are indicated showing a very wide variation based on the
ennual statistics. An important feature to note is the fact that more years show
proportions below the average than above. This is characteristic of distributions
of rare events. Also plotted are the 3 year running averages. These also show

wide variability with equivalent return periods ranging froz about 0.36 years to

0.9 years.

“Q&

The aznuzl data appear to fit & simple exponential model P{a) = l-e

where X is the me2n percentage 7 60 kt and P(n) is the proportion
of events (years) with percentage winds 2 60 kt occurring in the ¢
range (O-n)%.

The fit of this model arnd the actual data are sghown in figure 2.

4. Conclusions. Assuming the validity of the model described above very long
averages will be required to reduce the uncertainty of the statistics to an
acceptable level eg 30 years will produce a standard error of estimate of about

18% at the given probability level eg in the case considered P(V 2 60 kt)= .053

+ .010. It is obvious that short period data in itself cannot reliably describe
long term statistics; however if we have neardby a long period station which 'tracks'
the short period station reliable estimates should be possible by adjustment of

the long period station data. To establish relationships with such lorg peried
stations & period of measurement of some 3} years is probably required so thzt moet
of the possible synoptic situations will have been encountered.
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£, L VALEE BESTIMATION ~ COREGECTING FOR PERISTENCE WHEN USING THE PARSNT DISTRIBUTION
.
. A oo tion
& ;. ext: valuas return intervals are often made oy fitting
cima to a Standard value distribution eg the 'Cumbel' or Fisher
rn2 I extreme value distribution. In order to contain the errors of
ectimation within a reasonzble range a long series of data is required, typically
e Tn many cases long time series data are not avallable and estimates of
a3 arc made by fiittins the frequency distributions of zall available data <o
n emrirical distribution (uuca as the Weibull distribution in th=2 case of wind or
wave dzta),
P 7 i M 74
eg DPhrV) = 1= exp /- (¥Vo)_,
Ve
Uc are parameters of a curve fitted to the cumulative frequency
v (the parent distribuiion).
2 The effect of persistence
Jiven a function which completely describes the parent distribution the excecdence
S s i - . B 5 3 o+ ) = L}
pronability at any threshold value can be calculated and related to the average
return ingtsrval as follews:
3 r M- T TN | TR T
PV, ¥y - g L: exp [" (v=vo) o7 3 wang e b *“E"‘k
Ny Ve 4
inere P,y is the valus of v exczeded on averaze once in y years and Ny is
the totai number of indevendent values occurring in y years.
°
Taus for a return interval of 5 years given hourly mean winds (assumed independent)
¥ we nove
Ly = 25 x 24 x5 =
and- = By = .0000228
Viind et wave data, however, exhibit persistence; that is successive data samples
zre hizhly correlated. Thus, extreme values tend to group together in single storms.
I: is natural to consider the wholc storm as a single extreme event and the highest
valugz in the storms of a single year is equivalent to the value used in the *Gumoel!
tyoce disiribution of annual maxima. The overall effect of persistence, therefore,
ic to reducc the effective return interval associated with a particular exceedence
| level of the parent distribution by comparison with the eguivalent interval from the
| exireme value distribution. As an exemple consider the following wind data collected
| at Tirce over ihe period 1957-1977.
Viind Speecd No of Hours lo of Storms Yo of Years
Zanl RS 6 3
= 50 Kt 11 il Vil
50 % 67 24 11
-




Kt threshold (for example), the equivalent return

[t 30 00k at
DTN > X as follois:
fe Nused on annual exceedences = 1.9 years

[ Baced on total exceedences = 0431 years

c+imations based con the parent distribution underestimate the

T

Y n
\tcrval for chort return intervals compared thosc based on annual maxliinde

Je fdiusting for the efiect of persistence
Tt has been shown (eg Painting 1979) that the annual distributionsof the occurrences
of rar~ valuss are well described by an exponential relationship of the form

e (0<xen) = 1T-ewm (- 3)

llhere n is the average number (or proportion) of values exceeding the value V.
s+ u3 now consider the distributions of the valuos exceeded on average once in

(S

1, 5 and 10 years respectively

Qe qu = 1 - exp - x
‘Cn P‘fq = 1 - ex - X/O.Z

I3 = 1= exp - 1/0.1

P(v) =

1 0.2 0.1

n

x=11| 063 0.993 0.9999
xX=2 0.365 0.9999

B ) 0.95

x=4 | 0.98

x = 5 10,993

For the 'onec year' value we have

.o

(x>1) . ‘= 0437
fx:n0) S 0TESR

g

P (x>3) = 0405
poilxnd) = 002
B {x>9) = 0.003




“y

“

B

o in a 100-year period (:;y\ we would have 37 years viil Vv exceeded
moX 5 years with V exceeded more than twice evcC. cwming that x can
enly alues 0, 1, 2 etc this implies that on averagZe ©2.5 years will have

2 exce 3 years will have 3 exceedences etc. The toi~l number of exceedences
accwrula the years having at least two is therefore 23.5 X 2+8.5x3+3x4
+2x5 a5 a total time of 37 years. This leaves 5 exceedences 10 occur in
single ycars ie a total of 42 years will have v exceeded at least once per year.

"ha sguivalent return interval for vy is thus 100/42 years = 2,33 years when
considering annual extremes cnly.

“or the 'S=ycar' value we have

p(x>1) = 0.003
P(x >2) = o

e with 2 exceedences 1e 2 total of 6 in

Thus in 10C0 years we have 3 years on averag
The equivalent return interval

3 years leaving 194 years with single occurrences.

for v. is thus 1CCQ years = 5.08 years.
197

Tor the '10-year' value the ad justment is insignificant.

i. , Some practical considerations

common procedure is to fit a Weibull curve to a frequency distribution. The nature
{ this process is to fit to the body of the parent distributiocn, je the tail of the

iziribution (the rare events) cannot exert much weight on the resulting estimates of
the Weibull parameters. If a correction for grcuping 1is applied this has the effect
of reducing the Weibull slope (m)e In general this will cause-tihe adjusted curve to
cross the original curve which suggests the likelihood of underestimaticn of extremes
by extrapolation of Weibull fitted curves at long return intervals together with
overestimation of extremes at short return intervals.

B3 Conclusions

/e have shown how the persistence of data can affect the interpretation of extreme
value estimates when using extrapolations from a parent distribution (such as the
Weibull distribution). In particular it is noted that return periods are under—
estimated up to return periods of near 5 years. A simple model predicts the order
of this overestimation to bs more than double when considering the "{~year' value
from a 'Weibull' type estimate. This result is confirmed by data measured at Tiree.
Txtrapolations of Weibull curves beyond the data points are likely to yield under—
estimates of extremes at long return intervals and thus this method should be avoided
if possible. It is probable that eibull' estimates at around the 5-year return
interval are comparable with equivalent estimates from the distributions of annual

maximas

D J Pzinting
Head of Met O 16a

9 Decemper 1930
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APPENDIX III

Summary of the main results from a study by J Atkins to test the fit of the

exponential expression derived in appendix I.

The figures IIIa and IIIb were taken from a study by J Atkins in Met 0 3¢

to test the fit of the relationship:
P(n) = 1 - exp(-n/A) (1)

derived ir apperdix I, using wind speed 3data from different locations and for
various threshclds. The results for the two land stations Valley and Lerwick
are shown in figures IIIa and IIIb respectively. These clearly show that the
fit of expression (1) %o the data becomes progressively poorer for higher
threshold wind speeds. This implies that expression (1) carnot be used for

improving estimations of extreme conditions.

A modified expression suggested by Atkins is:

P(n) = 1 - exp(-mn+c) (2)

-

where m and ¢ are determined by a regression of -1n(1-P(n) = mn+c. Fbrl

the fit was gererally poorer than that for exuressio (1) Atkins fon@ludes

Valley this expression provided a much better fit to the data, but for Lerwi'k”
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