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Extreme wind speeds  i n  I r e l a n d  f o r  p e r i o d s  e n d i n g  i n  1974 

kx 

J.J.  Logue B.Sc. 

Summary: Annual maximum gus t  and mean wind speeds have been e x t r a c t e d  

from t h e  a u t o g r a p h i c  wind r e c o r d s  of a  number of S t a t i o n s  f o r  p e r i o d s  up 

t o  and i n c l u d i n g  1974. These d a t a  have been a n a l y s e d ,  u s i n g  t h e  

s ta t is t ical  t h e o r y  of ext reme v a l u e s ,  i n  o r d e r  t o  d e r i v e  estimates of 

ext reme wind Speeds w i t h  v a r i o u s  r e t u r n  p e r i o d s .  I t  has  been found 

t h a t  they f o l l o w  t h e  Type 1 o r  Gumbel ext reme v a l u e  d i s t ; i b u t i o n .  I t  

has  a l s o  been found t h a t ,  a t  any g iven  s t a t i o n ,  t h e  r a t i o  of g u s t  speed 

t o  10-minute mean Speed i s  independent  of r e t u r n  perLod over  t h e  range  

bf v a l u e s  c o n s i d e r e d .  A map, showing t h e  d i s t r i b u t i o n  of t h e  maximm 

g u s t  speed w i t h  a  r e t u r n  p e r i o d  of 50 y e a r s ,  has been p repared .  

I . I n t r o d u c t i o n  

E s t i m a t e s  of maximum wind speeds  w i t h  v a r i o u s  r e t u r n  p e r i o d s  a r e  

f r e q u e n t l y  r e q u i r e d  i n  c o n n e c t i o n  w i t h  t h e  d e s i g n  of s t r u c t u r e s  such  

a s  t a l l  b u i l d i n g s ,  t e l e v i s i o n  mas t s ,  b r i d g e s ,  o i l  r i p  e t c  which a r e  

s u b j e c t  t o  s i g n i f i c a n t  wind l o a d i n g .  The wind speeds  r e q u i r e  t o  be 

averaged over  a  p e r i o d  which depends on t h e  dimensions of t h e  s t r u c t u r e  

i n  q u e s t i o n .  For most s t r u c t u r e s ,  t h i s  p e r i o d  i s  of t h e  o r d e r  of 

seconds and i t  is t h e r e f o r e  a p p r o p r i a t e  t o  u s e  maximum g u s t  speeds  which 

r e p r e s e n t  a n  average  over  abou t  3 seconds .  However, i n  t h e  c a s e  of ve ry  

l a r g e  s t r u c t u r e s  such a s  l o n g  b r i d g e s ,  mean speeds  over longer  p e r i o d s  

of time become s i g n i f i c a n t .  A l s o ,  maximum mean speeds  over  p e r i o d s  

of  s e v e r a l  hours  a r e  sometimes r e q u i r e d  i n  connec t ion  w i t h  p r e d i c t i o n  

of  maximum wave h e i g h t s  a t  s e a .  I t  i s  t h e r e f o r e  n e c e s s a r y  f o r  t h e  

m e t e o r o l o g i s t  t o  be a b l e  t o  p r o v i d e  e s t i m a t e s  of maximum mean speeds  a s  

w e l l  a s  maximum g u s t s .  I t  is u s u a l  t o  g i v e  mean speeds  over  a p e r i o d  

of  one h o u r ,  s i n c e  hour ly  means a r e  g e n e r a l l y  t h e  most r e a d i l y  a v a i l a b l e .  

E s t i m a t e s  o f  g u s t  speeds  over  I r e l a n d  w i t h  a  r e t u r n  p e r i o d  of 50-years 

based on d a t a  up t o  1970,  have been p repared  (Logue,  1971) .  Es t ima tes  

Of mean hour ly  wind speeds  w i t h  a  120-year r e t u r n  p e r i o d  were a l s o  

p r e p a r e d .  However, t h e s e  were no t  based on recorded  mean hour ly  v a l u e s  

b u t  were  o b t a i n e d  by d i v i d i n g  t h e  g u s t  speed of t h e  same r e t u r n  pe r iod  

by a  f a c t o r  of 1 . 5 .  

The p r e s e n t  s t u d y  i s  based on recorded  va lues  of both  g u s t  and mean 

wind speeds  from a number of s t a t i o n s  f b r  p e r i o d s  up t o  and i n c l u d i n g  1974. 

2 .  D e s c r i p t i o n  of d a t a  

Wind d a t a  f o r  I r e l a n d  a r e  provided by a  network of Dines p r e s s u r e -  

t u b e  anemometers s i t u a t e d  where p o s s i b l e  i n  open l e v e l  c o u n t r y  w i t h  

t h e  measur ing head a t  a n  e f f e c t i v e  h e i g h t  of 1 0  m e t r e s .  The names 

and l o c a t i o n s  of t h e  s t a t i o n s  a r e  i n d i c a t e d  i n  F i g .  1 and t h e i r  p e r i o d s  

Of r e c o r d ,  used i n  t h i s  s t u d y ,  a r e  g i v e n  i n  Tab le  5 .  

The fo l1owing ;da ta  were e x t r a c t e d  from t h e  r e c o r d s  of t h e s e  s t a t i o n s : -  

( i )  Annual maximum gus t  s p e e d s .  
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( i i )  Annual maximum mean speeds  over  any 10-minute p e r i o d .  

( i i i )  Annual maximupl hour ly  mean speeds  between e x a c t  hours 1 ;  . M  .T. 

The mean hour ly  wind speeds  were no t  a v a i l a b l e  f o r  Glenamoy and ,  l o r  

t h e  o t h e r  s t a t i o n s  they were a v a i l a b l e  on ly  from 1962 onwards.  The 

e f f e c t i v e  h e i g h t s  of t h e  anemometers d i d  no t  d i f f e r  s i g n i f i c a n t l y  from 

t h e  s t a n d a r d  h e i g h t  of 10 metres  e x c e p t  a t  Malin Head where ,  from 1 0 t h  

March 1966 onwards,  t h e  e f f e c t i v e  h e i g h t  was 18 metres. Gust speeds  

f o r  Mal in  Head a f t e r  t h i s  d a t e  were reduced t o  t h e  s t a n d a r d  h e i g h t  by 

m u l t i p l y i n g  them by t h e  f a c t o r :  

( H ~ / H ) O ' O ~ ~  = ( lO/ lS)  = 0.95 (Deacon 1955)  ( 1 )  
0.085 

In t h e  c a s e  of 10-minute and hour ly  mean s p e e d s ,  t h e  f a c t o r  used was: 

( H O / H ) O ' ~ ~  = (10/18) = 0.90 ( C a r r u t h e r s  1943)  ( 2 )  

3 .  E f f e c t  of s u r f a c e  roughness  on extreme wind speeds  

A l l  o t h e r  f a c t o r s  b e i n g  e q u a l ,  wind speeds  over  rough t e r r a i n  a r e  

less t h a n  t h o s e  over  smmoth t e r r a i n .  Mean speeds  a r e  a f f e c t e d  t o  a  

much g r e a t e r  e x t e n t  t h a n  gus t  speeds  and i t  has been found ( e . g .  

S h e l l a r d  1962)  t h a t  t h e  r a t i o  of t h e  gus t  t o  t h e  mean i n c r e a s e s  w i t h  

i n c r e a s i n g  s u r f a c e  r o u g h n e s s .  S h e l l a r d  (1965)  sugges ted  t h a t  t h e  r a t i o  

of  t h e  e s t i m a t e d  50-year gus t  speed t o  t h e  e s t i m a t e d  iil-year hour ly  

mean speed  c o u l d  be used a s  a  measure of r o u g h n e s s .  However, i t  would 

appear  p r e f e r a b l e  t o  d e f i n e  t h e  g u s t h e a n  speed r a t i o  i n  terms of 

r e c o r d e d  r a t h e r  t h a n  e s t i m a t e d  v a l u e s .  I n  t h i s  s t u d y ,  t h e  v a l u e  o f  t h e  

r a t i o  chosen f o r  i n v e s t i g a t i o n  was t h e  annual  maximum gus t  speed ( G )  

d i v i d e d  by t h e  annua l  maximum 10-minute mean speed ( M  , Let t h i s  
10 

r a t i o  be deno ted  by R i . e .  
10 

- 
5 0  

- G'Y 0  ( 3 )  

Before  c a l c u l a t i n g  v a l u e s  of R f o r  t h e  d i f f e r e n t  s t a t i o n s  i t  i s  
1 0  

n e c e s s a r y  t o  show t h a t ,  a t  a  p a r t i c u l a r  s t a t i o n ,  t h e  r a t i o  is independent  

of  the magnitude of t h e  annua l  maxima i . e ,  t h a t  R10 does no t  i n c r e a s e  o r  

d e c r e a s e  s y s t e m a t i c a l l y  a s  G and M i n c r e a s e .  For each  s t a t i o n  a  
1 0  

v a l u e  of R was c a l c u l a t e d  f o r  each  y e a r  of r e c o r d  and v a l u e s  of t h e  
1 0  

q u a n t i t y  (G.MlO)' were a l s o  c a l c u l a t e d .  The c o r r e l a t i o n  c o e f f i c i e n t s  of  

R10 w i t h  (G.M )' a r e  g iven  i n  Table  1. 
1 0  
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Table  1. C o r r e l a t i o n  c o e f f i c i e n t s  of R10 (=ti/MlO) w i t h  ( G . M l o )  f o r  

S t a t i o n  

Be lmul le t  

B i r r  

C l a r e m o r r i s  

Clones 

Cork A i r p o r t  

Dubl in  A i r p o r t  

Glenamoy 

Kilkenny 

Malin Head 

Mul l ingar  

Roche's  Po in t  

R o s s l a r e  

Shannon A i r p o r t  

V a l e n t i a  Obsy . 

v a r i o u s  s t a t i o n s  

No. of y e a r s  
of r e c o r d  

C o r r e l a t i o n  
C o e f f i c i e n t  

None of  t h e s e  c o r r e l a t i o n  c o e f f i c i e n t s  is s i g n i f i c a n t  a t  t h e  10% 

l e v e l  and t h e i r  mean va lue  is c l o s e  t o  z e r o .  I t  i s  t h e r e f o r e  concluded 

t h a t  t h e  g u s t h e a n  speed r a t i o  R10 i s  independent of wind s p e e d ,  a t  

l e a s t  w i t h i n  t h e  range of speeds  covered  by t h e  s e r i e s  of annua l  maxima. 

A unique va lue  of  R f o r  each s t a t i o n  may t h e r e f o r e  be c a l c u l a t e d  by 
1 0  

t a k i n g  t h e  mean of  t h e  y e a r l y  v a l u e s .  

I n  o r d e r  t o  c o n f i r m  t h a t  t h e  r a t i o  R may be used a s  a  measure of 
10 

s u r f a c e  roughness ,  i t  was decided t o  a s s i g n  each s t a t i o n  a  roughness  

c a t e g o r y  based on a  c o n s i d e r a t i o n  of t h e  type of t e r r a i n  i n  which i t  was 

s i t u a t e d  and t o  compare t h e s e  c a t e g o r i e s  w i t h  t h e  v a l u e s  of R10 f o r  the  

s t a t i o n s .  

Davenport (1960) has p repared  the  f o l l o w i n g  t a b l e ,  g roup ing  t y p e s  o f  

t e r r a i n  a c c o r d i n g  t o  aerodynamic roughness .  

T a b l e  2 .  Types of t e r r a i n  grouped a c c o r d i n g  t o  t h e i r  aerodynamic roughness  

Category D e s c r i p t i o n  

1 .  Very smooth s u r f a c e s  e . g .  l a r g e  expanses  of open w a t e r :  

low u n s h e l t e r e d  i s l a n d s ;  t i d a l  f l a t s :  lowlands v e r q i n g  

on t h e  s e a .  

Level  s u r f a c e s  w i t h  only  low, s u r f a c e  o b s t r u c t i o n s :  P .L!. 

p r a i r i e  g r a s s l a n d ;  d e s e r t ;  a r c t i c  t u n d r a .  

Leve l ,  o r  s l i g h t l y  r o l l i n g  s u r f a c e s ,  w i t h  s l i g h t l y  

l a r g e r  s u r f a c e  o b s t r u c t i o n s  ; e  . q .  farmland w i t h  very 

s c a t t e r e d  t r e e s  and b u i l d i n g s ,  w i t h o u t  h e d p r o w s  o r  o t h e r  

b a r r i e r s ;  Wasteland w i t h  low brush  o r  s u r f a c e  v e g e t a t i o n :  

moorland. 
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Table  2 ( c o n t d . )  

4 .  Gently o l l i n ,  o r  l e v e l  coun t ry  w i t h  low o b s t r u c t i o n s  

and b a r r i e r s ;  e  . g .  open f i e l d s  w i t h  w a l l s  a n d  hedges ,  

s c a t t e r e d  t r e e s  and b u i l d i n g s .  

R o l l i n g  o r  l e v e l  s u r f a c e  broken by more numerous 

o b s t r u c t i o n s  of v a r i o u s  s i ~ e s :  e . g .  f a rmland ,  w i t h  s m a l l  

f i e l d s  and dense  hed,es o r  b a r r i e r s :  s c a t t e r e d  windbreaks 

of  t r e e s ,  s c a t t e r e d  two-story b u i l d i n g s .  

R o l l i n g  o r  l e v e l  s u r f a c e ,  uni formly covered w i t h  numerous 

1arg-s o b s t r u c t i o n s :  e . g .  f o r e s t ,  s c r u b  trees, p a r k l a n d .  

Very broken s u r f a c e  w i t h  l a r g e  o b s t r u c t i o n s  : e ,  q .  towns : 

s u b u r b s ;  o u t s k i r t s  of l a r g e  c i t i e s :  farmland w i t h  

numerous woods and copses  and l a r p  windbreaks of t a l l  

t r e e s .  

8 .  S u r f a c e  broken by ex t remely  l a r @  o b s t r u c t i o n s :  e . g .  

c e n t r e  of l a r ~  c i t y .  

Each s t a t i o n  was a l l o c a t e d  a roughness  c a t e g o r y  C a c c o r d i n g  t o  t h e  

descr ip t ions  i n  t h e  above t a b l e .  In  a s s i g n i n g  t h e  va lue  C, i t  i s  assumed 

t h a t  t h e  s t a t i o n  i s  s i t u a t e d  i n  more o r  l e s s  l e v e l  o r  r o l l i n e  c o u n t r y .  

However, some of t h e  s t a t i o n s  ( e . g .  C l o n e s ,  Cork A i r p o r t )  a r e  s i t u a t e d  

on o r  nea r  t h e  t o p  of h i l l s  o r  r i d g e s  and one ( V a l e n t i a  O b s e r v a t o r y )  is on 

ground s h e l t e r e d  by h i l l s  th rough  most of t h e  hor izon  c i r c l e .  S i n c e  t h e s e  

t y p e s o f  s i t u a t i o n a f f e c t  t h e v a l u e o f  R t h e v a L u e o f C w a s  r e d u c e d b y  1 0 '  
one f o r  t h e  former type  of s t a t i o n  and i n c r e a s e d  by one f o r  t h e  l a t t e r .  

A l s o ,  it was observed t h a t  c o a s t a l  s t a t i o n s  have lower v a l u e s  of R than  
1 0  

i n l a n d  s t a t i o n s  i n  t h e  same t y p e  of t e r r a i n .  T h i s  is because  of t h e  

expanses  of smooth s e a  s u r f a c e  i n  t h e  v i c i n i t y  of t h e  c o a s t a l  s t a t i o n s .  

Accord ing ly ,  t h e  v a l u e s  of C f o r  t h e s e  s t a t i o n s  were a l s o  rpduced by one .  

I n  Tab le  3 ,  t h e  o r i g i n a l  v a l u e s  of C  (based  on t e r r a i n  type  a l o n e )  

t o g e t h e r  w i t h  c o r r e c t i o n s  f o r  exposure  and f o r  c o a s t a l  s i t u a t i o n  and 

t h e  c o r r e c t e d  v a l u e s  C '  a r e  shown f o r  e a c h  s t a t i o n .  

T a b l e  3 Roughness c a t e g o r y  C ( a f t e r  Daveneor t )  t o g e t h e r  w i t h  c o r r e c t i o n s  

f o r  exposure  and C o a s t a l  s i t u a t i o n ,  and c o r r e c t e d  roughness  c a t r g o r y  C ' ,  

f o r  a  number of s t a t i o n s .  

S t a t i o n  C - Exposure C o a s t a l  - C '  
C o r r e c t i o n  Corrcc t i o n  

BelmulJet  4 -1 3 

B i r r  6 F 

C l a r e m o r r i s  4 

Clones 6 

Cork A i r p o r t  3 

Dubl in  A i r p o r t  4 

Glenamoy 4 

Kilkenny 5 

Malin  Head 4 

Mul l ingar  0 
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Roche 's  P o i n t  4  

Ross l a r e  5 

Shannon A i r p o r t  3 

V a l e n t i a  Obsy . 5  

The c o r r e l a t i o n  c o e f f i c i e n t  of C '  w i t h  R was c a l c u l a t e d  and was 1 0  
found t o  be +0 .81 .  T h i s  i s  r a t h e r  a  h igh  va lue  c o n s i d e r k n q  t h e  c rude  and 

s u b j e c t i v e  manner i n  which C '  was d e t e r m i n e d .  

S i n c e  mean hour ly  wind speeds  a r e  of more i n t e r e s t  f o r  c e r t a i n  

purposes  t h a n  10-minute means, t h e  r a t i o  of gust  speed t o  mean hour ly  speed 

a l s o  r e q u i r e s  t o  be c o n s i d e r e d .  Denot ing t h i s  r a t i o  by R 
60 '  

Annual maximum speeds  o v e r  a r b i t r a r y  s i x t y - m i n u t e  pe r iods  a r e  no t  

t a b u l a t e d  a s  a  r o u t i n e  f o r  I r i s h  s t a t i o n s .  Mean hour ly  speeds  between 

e x a c t  hours  have however been t a b u l a t e d  s l n c e  1962.  - \ l s o ,  i n  connec t ion  

w i t h  an  i n v e s t i g a t i o n  done i n  1960, annua l  maximum hour ly  means, both  

between e x a c t  hours and over  any s lx ty -minu te  p e r i o d ,  were t a b u l a t e d  f o r  

a  number of  s t a t i o n s .  A t o t a l  of R O  s t a t i o n  y e a r s  were  t a b u l a t e d  i n  t h i s  

way. Denot ing t h e  annua l  maximum between e x a c t  hours by M and t h e  
h 

a n n u a l  maximum over  any s ix ty -minu te  p e r i o d  by M i t  was found t h a t  on 
60 '  

ave rage  

Mh = 0.98 M G O  

.'. R60 = G/M60 = 0.98 G/% ( 5 )  

S i n c e  Mh may be c a l c u l a t e d  f o r  a l l  s t a t i o n s  ( e x c e p t  Glenamoy) f o r  t h e  

p e r i o d  1962-1974, R60 may be o b t a i n e d .  However, i t  was c o n s i d e r e d  t h a t  

t h e  1 3  annua l  maxima from this p e r i o d  were t o o  s m a l l  a  sample t o  g i v e  a  

r e l i a b l e  v a l u e  of R 
60 ' 

T h e r e f o r e  i t  was decided t o  c a l c u l a t e  R60 from t h e  

monthly i n s t e a d  of t h e  annua l  maxima, t h u s  i n c r e a s i n g  t h e  sample s i z e  by 

a  f a c t o r  of 1 2 .  T h i s  i n t r o d u c e s  no b i a s  s i n c e  it  was found t h a t  t h e  mean 

d i f f e r e n c e  over  a l l  s t a t i o n s  between v a l u e s  of R c a l c u l a t e d  by t h e  two 
6  0  

methods was v i r t u a l l y  z e r o .  Having c a l c u l a t e d  R f o r  each s t a t i o n ,  t h e  
6 0  

c o r r e l a t i o n  c o e f f i c i e n t  between R and C '  was a l s o  c a l c u l a t e d  and was 
6 0  

found t o  be 1 0 . 8 6 .  The r e g r e s s i o n  e q u a t i o n  of R on C '  i s  
60 

To summarize, t h e  g u s t h e a n  speed r a t i o s  R and R a r e  r a t h e r  
6 0  1 0  

h i g h l y  c o r r e l a t e d  w i t h  C '  where C '  is t h e  roughness  c a t e g o r y  ( a c c o r d i n g  

t o  Davenport)  a d j u s t e d  upwards o r  downwards by one u n i t  f o r  underexposed 

and overexposed s t a t i o n s  r e s p e c t i v e l y  and downwards bt' one u n i t  f o r  
c o a s t a l  s t a t i o n s .  



4 .  F i t t i n g  of ext reme va lue  d i s t r i b u t i o n s  t o  d a t a  f o r  i n d i v i d u a l  s t a t i o n s  

Consider  a  s e r i e s  of N annua l  qaxima of any meteoro log ica l  element 

X1, X2, X3, .:. . .. . . . X N  a r r a n g e d  i n  o r d e r  of magnitude s o  t h a t  X1 is 

t h e  lowest  annua l  maximum, X2 t h e  second lowrs t  and s o  on.  Then t h e  

series may be d i s p l a y e d  by p l o t b n g  X a g a i n s t  t h e  "reduced v a r l a t e "  y  where 

y r - I n .  I n  [ T / ( T  - 1 ) ;  1 7 )  

and T  i s  t h e  r e t u r n  p e r i o d  of X ( Jvnk inson  1'855;. l ' hv  v a l u e  of T  l o r  

t h e  m t h  member of  t h e  s e r i e s  T  i s  given by 

(T, - l ) / T m  = (m - 0.31)/(N + 0 .38)  

a fo rmula  due t o  Chegodayev ( 1 9 5 3 ) .  I f  t h e  s e r i e s  fo i lows  t h e  Typr 1 

O r  Gumbel d i s t r i b u t i o n  of ext reme v a l u e s ,  the  graph of X a g a i n s t  y i s  

a  s t r a i g h t  l i n e .  I f  t h e  s e r i e s  f o l l o w s  t h e  Type 2  d i s t r i b u t i o n ,  t h e  

graph is concave t o  t h e  X a x i s  a n d ,  i f  i t  fo l lows  t h e  Type 3  d i s t r i b u t i o n ,  

i t  i s  convex t o  t h e  X a x i s ,  Thus t h e  a p p r o p r i a t e  type  of ext reme v a l u e  

d i s t r i b u t i o n  may be chosen and may be f i t t e d  t o  t h e  d a t a .  T h i s  e n a b l e s  

t h e  v a l u e  of X f o r  any r e t u r n  p e r i o d  t o  be d e t e r m i n e d .  

I n  t h e  c a s e  of ,extreme wind s p e e d s ,  t h e  d a t a  a v a i l a b l e  c o n s i s t e d  

of annua l  maximum s e r i e s  of gus t  speed and 10-minute mean speed f o r  

p e r i o d s  r a n g i n g  up t o  22years  i n  l e n g t h .  Annual maximum s e r i e s  of 

mean hour ly  wind speed between e x a c t  hours (Mh) f o r  t h e  p e r i o d  1962-74 

were al 'so a v a i l a b l e  f o r  most s t a t i o n s  but  t h e s e  s e r i e s  were c o n s i d e r e d  

t o o  s h o r t  t o  be used w i t h  c o n f i d e n c e  i n  f i t t i n g  a  d i s t r i b u t i o n .  

For a  g iven  s t a t i o n ,  i t  would be p o s s i b l e  t o  f i t  extreme va lue  

d i s t r i b u t i o n s  t o  t h e  gus t  s e r i e s  and t h e  10-minute mean s e r i e s  s e p a r a t e l y .  

However, due t o  t h e  random c h a r a c t e r  of t h e  v a l u e s ,  t h e  parameters  of 

t h e  two d i s t r i b u t i o n s  would probably  d i f f e r  i n  such a  way t h a t  t h e  

r a t i o  of t h e  g u s t  t o  10-minute mean speed would vary w i t h  r e t u r n  p e r i o d .  

I t  has  been shown i n  S e c t i o n  3 t h a t  t h e  g u s t h e a n  speed r a t i o  is 

independent  of speed and t h e r e f o r e  of r e t u r n  p e r i o d .  Consequently i t  

Was decided t o  combine t h e  s e r i e s  of g u s t s  and 10-minute means i n  t h e  

f o l l o w i n g  manner. For each  s t a t i o n ,  t h e  annua l  maximum gust  speeds  ( G )  

and t h e  annua l  maximum 10-minute mean s p e e d s  (MI,)) were s e p a r a t e l y  

a r r a n g e d  i n  a s c e n d i n g  o r d e r .  Than a  new series ( G I )  was computed, 

t h e  m t h  member of  which i s  g iven  by 

G; 3 1 / 2 ( G m + l i  M 1 
10 10m ( 9 )  

where R1O is t h e  gust/lO-min mean r a t i o  f o r  t h e  s t a t i o n .  G '  may be 

regarded  a s  a  " c o r r e c t e d "  gust, from which a  " c o r r e c t e d "  10-min mean of 

t h e  same r e t u r n  p e r i o d  may be o b t a i n e d  by d i v i d i n g  by R 
1 0 '  

Thus t h e  

d i f f i c u l t y  a s s o c i a t e d  w i t h  t h e  s e p a r a t e  f i t t i n g  of t h e  qust and mean 

speed d i s t r i b u t i o n s  i s  a v o i d e d .  

The n e x t  s t e p  was t o  de te rmine  which of t h e  t h r e e  ty.peS of extreme 
d. 

v a l u e  d i s t r i b u t i o n  most c l o s e l y  f i t s  t h e  series of G '  va lues  f o r  t h e  

s t a t i o n s  i n  q u e s t i o n .  I t  was assumed t h a t  t h e  same t~ of d i s t r i b u t i o n  



must app ly  t o  a l l  s t a t i o n s .  The G '  s e r i e s  f o r  each  s t a t i o n  was f i r s t  

summarised by means of a procedure  due t o  Jenkinson (1975)  which makes 

no assumpt ion abou t  t h e  type  of d i s t r i b u t i o n  f o l l o w e d .  To do t h i s ,  

e a c h  o r d e r e d  'series was d i v i d e d  i n t o  q u a r t i l e s  and t h e  mean va lue  of G' 

f o r  e a c h  q u a r t i l e  was o b t a i n e d .  The highest va lue  of G '  i n  t h e  s e r i e s  

wa's a l s o  n o t e d .  These f i v e  va lues  were expressed  a s  p r o p o r t i o n s  of 

t h e  mean of t h e  two middle q u a r t i l e s  which i s  approx imate ly  e q u a l  t o  

t h e  median v a l u e  of t h e  s e r i e s .  T h e  appr0pr ia t .e  va lues  of t h e  reduced 

v a r i a t e  y  a g a i n s t  which t h e  f i v e  G '  r a t i o s  may be p l o t t e d  a r e  

-0 .75,  0 .04,  0 . 7 8 ,  2 . 24 ,  3 . 3 3  ( 1 0 )  

These  r e f e r  t o  a  sample s i ~ e  of 19 (which i s  t h e  median sample s i z e  f o r  

a l l  t h e  s t a t i o n s )  b u t  vary  very  l i t t l e  over  t h e  r ange  of sample s i ~ e s  

i n  q u e s t i o n  ( 1 1  t o  2 2 ) .  For each  of t h e  14 s t a t i o n s ,  t h e  f i v e  G' r a t i o s  

d e s c r i b e d  above were s e t  o u t  and t h e  median value  over  a 1 1  s t a t i o n s  of 

e a c h  r a t i o  was o b t a i n e d .  These were a s  f o l l o w s :  

0 .88,  0.96,  1 . 04 ,  1 . 1 9 ,  1 . 3 0  ( 1 1 )  

When t h i s  s e t  of  v a l u e s  is p l o t t e d  a g a i n s t  t h e  s e t  of \, v a l u e s  g iven 

by ( l o ) ,  they  f a l l  a lmost  e x a c t l y  on a  s t r a i ~ h t  l i n e .  I t  was t h e r e f o r e  

concluded t h a t  t h e  Type 1  extreme v a l u e  d i s t r i b u t i o n  f i t s  t h e  annual  

maximum series of G ' .  

For each  s t a t i o n ,  a  Type 1 ext reme v a l u e  d i s t r i b u t i o n  was f i t t e d  

by l e a s t  s q u a r e s  t o  t h e  G '  s e r i e s .  I f  t h e  d i s t r i b u t i o n  i s  expressed  

G '  = A + +  ( 1 2 )  

where G '  i s  i n  m e t r e s / s e c .  and 4 and B a r e  t h e  pa ramete r s  of t h e  

d i s t r i b u t i o n ,  t h e n  t h e  v a l u e s  of A and B f o r  each  s t a t i o n  a r e  g iven  

i n  Tab le  4 .  

T a b l e  4 .  Est imated v a l u e s  of pa ramete r s  A and B of t h e  extreme va lue  

Type 1 d i s t r i b u t i o n ,  f o r  v a r i o u s  s t a t i o n s  

S t a t i o n  

Be lmul le t  

B i r r  

C l a r e m o r r i s  

Clones 

Cork A i r p o r t  

Dubl in  A i r p o r t  

Glenamoy 

Ki lkenny 

Malin Head 

Mul l ingar  

Roc h e  's P o i n t  

R o s s l a r e  

Shannon A i r p o r t  

V a l e n t i a  Obsy . 



The parameter  A i s  e q u a l  t o  t h e  va lue  of G '  wnen y  = 0  and B i s  

e q u a l  t o  t h e  s l o p e  of t h e  l i n e  on t h e  graph of G '  a g a i n s t  y .  I t  may 

be s e e n  t h a t ,  i n  g e n e r a l ,  A i s  h i g h e s t  f o r  c o a s t a l  and w e s t e r n  s t a t i o n s  

and lowest  f o r  midland and e a s t e r n  s t a t i o n s .  B ,  on t h e  o t h e r  hand,  

shows no  c l e a r  geographic  p a t t e r n  and a p p e a r s  t o  vary i n  a  random 

manner. I t  is n o t  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  A .  

For  t h e  sample s i z e s  i n  q u e s t i o n ,  B i s  r a t h e r  poor ly  e s t i m a t e d .  

Making use  o f  t h e  u s u a l  fo rmulae  f o r  s t a n d a r d  e r r o r s  ( s e e ,  f o r  example ,  

Cunnane, 19751, i t  may be shown t h a t ,  f o r  t h e  ext reme va lue  Type 1 

d i s t r i b u t i o n ,  t h e  s t a n d a r d  e r r o r  of Bk given  approx imate ly  by 

s e ( B )  1 .05 B / ( N ) ~  ( 1 3  

where  N i s  t h e  sample s i z e .  Rep lac ing  N by t h e  maximum sample s i z e  

( '22)  and B by t h e  mean of t h e  v a l u e s  i n  Tab le  4 (3 .70  m / s ) ,  t h i s  

becomes 

s e ( B )  " 0.R3 m / s  ( 1 4 )  

None of t h e  v a l u e s  of B i n  Tab le  4 d i f f e r  from t h e  mean by more than  

two s t a n d a r d  e r r o r s .  I t  was t h e r e f o r e  dec ided  t o  adop t  t h e  h y p o t h e s i s  

t h a t  B is t h e  same f o r  a l l  s t a t i o n s  and i s  e q u a l  t o  3 .70 m / s .  

If w e  assume t h i s  c o n s t a n t  s l o p e  f o r  a l l  s t a t i o n s ,  t h e n  t h e  

f i t t i n g  of t h e  s t r a i g h t  l i n e  t o  t h e  d a t a  r educes  simply t o  t h e  
- - 

d e t e r m i n a t i o n  of t h e  mean ( G 1 , y )  of t h e  p o i n t s  p l o t t e d  on t h e  G ' ,  y  

g raph .  Then t h e  r e q u i r e d  l i n e  i s  t h e  one w i t h s l a p e  3 . 7 0  m/s passing 

th rough  t h e  mean. Once t h e  d i s t r i b u t i o n  has been f i t t e d ,  t h e  gust 

speed  f o r  any r e t u r n  p e r i o d  may be c a l c u l a t e d .  The 10-minute mean 

speed and t h e  hour ly  mean speed w i t h  t h e  same r e t u r n  p e r i o d  may then  

be found by d i v i d i n g  by R10 and R r e s p e c t i v e l y .  T h i s  procedure  
6 0 

w a s  a p p l i e d  t o  a l l  s t a t i o n s  a n d ,  i n  Tab le  5 ,  g u s t  speeds  w i t h  va r ious  

r e t u r n  p e r i o d s  a r e  shown f o r  each  s t a t i o n  togekher  w i t h  t h e  h i g h e s t  

g u s t  o n  r e c o r d  and t h e  va lues  of . 
T a b l e  5 .  Gust  speeds  (m/s) l i k e l y  t o  be exceeded on ly  once i n  t h e  s t a t e d  

number of y e a r s  a t  10m above t h e  ground a t  a  number of s t a t  

S t a t i o n  

B e l m u l l e t  

B i r r  

C l a r e m o r r i s  

Clones  

Cork A i r p o r t  

Dubl in  A i r p o r t  

Glenamoy 

K i l k e ~ y  

Mal in  Head 

M u l l i n g a r  

Roc he 's P o i n t  

R o s s l a r e  

Shannon A i r p o r t  

V a l e n t i a  Obsy . 

Per iod  of  
r e c o r d  

13ny74 

- 
R ~ h u r n  ~ r i ~ g ~ ( y r s ~ , ) ~  ( Highes t  

on r e c o r d  R f i O  
46 49 52 55 48 1 .57  



I n  i n t e r p r e t i n g  Table 5 ,  i t  should be borne i n  mind t h a t  the  es t i rmted  

r e t u r n  pellbd of the highest  value recorded i n  N years  is not equal t o  N ,  

as  might be assumed i n t u i t i v e l y ,  but may be obtained from equation (8) 

by pu t t ing  m = n .  This gives 

. 5 .  Mapping of 50-year maximum wind speeds 

The c a l c u l a t i o n  of 50-year maximum gust  and mean wind speeds f o r  

ind iv idua l  s t a t i o n s  has been described i n  the  previous s e c t i o n .  However, 

maps of these  q u a n t i t i e s  cannot be drawn d i r e c t l y  from the  s t a t i o n  values.  

This  is because of the  f a c t  t h a t  wind speeds recorded a t  a  S t a t i o n  depend 

on €he roughness of the  surrounding t e r r a i n  and on the  loca t ion  of the  

s t a t i o n  r e l a t i v e  t o  h i l l s  and t o  the  c o a s t .  I t  i s  t he re fo re  necessary 

t o  specify t h a t  the  maps r e f e r  t o  l eve l  t e r r a i n  of a  c e r t a i n  s tandard 

roubhness and t o  make appropr ia te  adjustments t o  the  50-year speeds f o r  

those s t a t i o n s  whose exposure d i f f e r s  from t h i s  s tandard .  

The standard roughness chosen i n  t h i s  case  i s  t h a t  corresponding t o  

roughness category C = 3.  This corresponds t o  the  "open l eve l  country" 

f requent ly  r e f e r r e d  t o  i n  connection with extreme Wind speeds. No I r i s h  

s t a t i o n  has C l e s s  than 3 and i t  i s  unl ike ly  t h a t  t h e r e  i s  any extensive 

a r e a  i n  I re land where C = 2 ( " p r a i r i e ,  d e s e r t ,  a r c t i c  tundra") or  l e s s .  

Fromequation ( 6 ) ,  t he  gust/mean speed r a t i o  R - 1.63 when C '  = C = 3.  
60 - 

For c o a s t a l  s t a t i o n s  however, C '  = C - 1 = 2 and R = 1.54. Thus the  
6 0 

s tandard values of R a r e  1.63 f o r  inland s t a t i o n s  and 1.54 f o r  c o a s t a l  
60 

s t a t i o n s .  I n  previous work on extreme winds (Logue, 1971), a  r a t i o  of 

1.50 had been used f o r  a l l  a r e a s ,  but i t  may he seen from Table 5 t h a t  

t h i s  value i s  t o o  low, e spec ia l ly  f o r  inland a r e a s .  For inland s t a t i o n s ,  

t h e  g u s t h e a n  hourly r a t i o  always exceeds 1.6 even f o r  s t a t i o n s  with a  

very open exposure such as  those a t  a i r p o r t s .  

From Table 5 ,  i t  may be seen t h a t  the  values of R f o r  seve ra l  
6 0 

s t a t i o n s  d i f f e r  from the  s tandard values.  Therefore,  t he  50-year gust 

speeds f o r  these  s t a t i o n s  must be adjusted before they can be p lo t ted  on 

t h e  map. TO do t h i s ,  i t  i s  necessary t o  determine the  magnitude of the  

e f f e c t  which changes i n  sur face  roughness have on maximum gust  speeds. 

Regression of the  mean annual maximum "corrected" gust speed on R 
60 

f o r  13 s t a t i o n s  gave 

- 
G' = 57 - 13 R 6 0 ,  r = -0.66 (16) 

However, p a r t  of t h e  decrease of r' a s  R increases  i s  due t o  the  f a c t  
6 0 

t h a t  the  s t a t i o n s  with the  lowest values of R happen t o  be near t h e  nor th ,  
6 0 

west and south c o a s t s  where, on physical  grounds, wind speeds would be 

expected t o  be h ighes t .  I t  is assumed t h a t  about half  of t h i s  r a t e  of 

change i s  due t o  the  e f f e c t  of rough t e r r a i n  i n  reducing maximum gust  speeds. 

Accordingly, the  ca lcula ted  50-year gust speeds f o r  the  s t a t i o n s  were 

increased by 0.06 d s  f o r  every 0.01 d i f f e rence  between t h e  value of R 
6 0 

f o r  the  s t a t i o n  and the  s tandard value of R 
60'  

The g r e a t e s t  such adjustment 

was +1.8 m/s, l n  the  case of R i r r .  



The adjus ted  values of t h e  50-year gust  speed were p lo t ted  on a rnap 

and i s o l i n e s  were drawn (F ig .  2 ) .  The standard e r r o r  of ZC;' i s  about 1 d s  

and the  standard. e r r o r  of t h e  50-year gust n I W t  be a t  l e a s t  a s  g rea t  a s  t h i s ,  

This  f a c t  was borne i n  mind i n  drawing t h e  i s o l i n e s .  Where drawwng exact ly  

f o r  a p lo t t ed  value would lead t o  a d i s t o r t e d  p a t t e r n  o r  t o  an excessive 

crowding of t h e  l i n e s ,  i t  was permitted t o  a d j u s t  t h e  value,  provided t h a t  

t h e  adjustment d id  not exceed two standard e r r o r s .  Thus the  value f o r  

Clones was adjus ted  downwards by about 2 m / s  and those  f o r  Cork Airpor t  and 

Glenamoy were ad jus ted  upwards by between 1 and 2 m / s .  No edjustment was 

made f o r  any o ther  s t a t i o n .  

Hardman, Hel l iwel l  and Hopkins (1973) have prepared a map showing t h e  

d i s f r i b u t i o n  of t h e  50-year gust speed over Great B r i t a i n  and the  north 

of I r e l and .  The d i f f e rences  between t h e i r  map and F ig  2 do not exceed 

2 m/s and appear t o  be due mainly t o  d i f f e rences  i n  the method of 

ana lys ing  t h e  d a t a .  

6 .  Use of Fig.  2 

For any loca t ion  i n  I r e l a n d ,  the  maximum gus t  speed with a r e t u r n  

period of SO-years may be obtained from Fig.  2 .  

Gust speeds with o ther  r e t u r n  periods may be obtained by p l o t t i n g  

t h e  50-year value aga ins t  y = 3.90 on a graph of gust speed versus y,  

drawing a l i n e  w i t h  a s lope of 3.70 m/s through t h a t  point and reading  

off t h e  requi red  speed aga ins t  the appropr ia te  value of y ,  which is 

r e l a t e d  t o  r e t u r n  period bv equat ion ( 7 )  For example, suppose t h a t  i t  

i s  requi red  t o  f i n d  t h e  maximum gust speed with a r e t u r n  period of 10 years 

a t  Waterford. From equat ion ( 7 ) ,  the value of y corresponding t o  T = 10 

i s  y = 2.25. From Fig .  2 ,  the 50-year gust  speed a t  Waterford i s  47 d s  

and i n  F ig .  3 t h i s  is  p lo t t ed  aga ins t  y = 3.90. AB i s  a l i n e  w i t h  s lope  

3.70 m/s pass ing  through t h i s  po in t .  The 10-year gust  speed may be 

obtained by fo l lowing. the  v e r t i c a l  dashed l i n e  a t  y = 2.25 t o  where i t  

i n t e r s e c t s  AB and thence ho r i zon ta l ly  t o  the  required value (41 d s )  on 

the  ?x is  of gus t  speed. 

Maximum mean hourly wind speeds may be obtained by d iv id ing  t h e  gust 

speed of t h e  required r e tu rn  period by a f a c t o r  of 1.54 f o r  c o a s t a l  a r eas  

and 1.63 f o r  in land  a r e a s .  A l l  these  values r e f e r  t o  a height  of 1 0  metres 

above open l e v e l  country (roughness categury C = 3 ) .  
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Fig. 1.  Stations used in deriving estimates of extreme wind speed 



F~J. 2. Maximum wind speed in a gust (mls) with return period 50 years. 
Values refer to  a height of  1Om above open level country. 



Fig. 3. Example of derivation of gust speed with o re turn  period other than 
50 years. (see t e x t  for explanation) 




