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IC TURBIDITY AT VALENTIA OBSERVATORY 

Values 0.f t h e  Angstrom T u r b i d i t y  C o e f f i c i e n t  ( P ) determined from Sola r  
Radia t ion  o b s e r v a t i o n s  a t  Va l en t i a  Observatory over t h e  pe r i od  1955 - 1971 a r e  
analysed.  Mean d a i l y  t u r b i d i t y  most f r e q u e n t l y  l ies  between 0.030 and 0 .040  w i t h  
a  median va lue  of 0.047.  T u r b i d i t y  i s  h ighe r  i n  Summer t han  i n  Winter ,  t h e  
h ighes t  mean monthly va lue  be ing  i n  A p r i l  and t h e  lowest i n  December/January. 
The scavenging by r a i n f a l l  probably ha s  a cons ide r ab l e  a f f e c t  i n  de te rmin ing  
t h i s  d i s t r i b u t i o n .  

The ch i e f  f a c t o r  de te rmin ing  t h e  t u r b i d i t y  i s  t h e  a i r  mass type .  Cont inen ta l  
T rop i ca l  a i r  is seldom exper ienced bu t  f o r  t h e  two months f o r  which means a r e  
a v a i l a b l e  t h e  t u r b i d i t i e s  are h ighe r  than f o r  any o t h e r  a i r  mass. R e l a t i v e l y  
high t u r b i d i t i e s  are a s s o c i a t e d  wi th  Con t inen t a l  Po l a r  a i r  and t h e  lowest va lues  
a r e  found i n  A r c t i c  a i r .  The p r e v a i l i n g  a i r  mass, Maritime Po l a r ,  shows r e l a t i v e l y  
low t u r b i d i t y  and dominates  t h e  annual  p a t t e r n .  

There i s  no ev idence  of any t r e n d  of i n c r e a s i n g  t u r b i d i t y  d u r i n g  t h e  per iod.  

1 .  I n t roduc t i on  

So l a r  r a d i a t i o n  obse rva t i ons  have been made a t  V a l e n t i a  Observatory 
s i n c e  September, 1954.  Continuous r e c o r d s  have been mainta ined of Global 
and Di f fuse  S o l a r  Rad i a t i on .  A Linke-Feussner t h e r m o e l e c t r i c  i ron-clad 
Actinometer (Kipp and Zonen) was a l s o  brought i n t o  use  at t he  same time and 
a schedule  of r o u t i n e  obse rva t i ons  on d i r e c t  sun l i gh t  ha s  been mainta ined.  
The normal schedule  was t h r e e  obse rva t i ons  per  day a t  about  1 0  h r s . ,  1 2  h r s .  
'and 14 h r s .  G.M.T. when weather and sky cond i t i ons  pe rmi t t ed .  In a d d i t i o n  
t o  t h e  measurements of t o t a l  d i r e c t  sun,  measurements were a l s o  made of t h e  
i n t e n s i t y  of t h e  d i r e c t  s o l a r  beam behind two f i l t e r s  of Schot t  g l a s s ,  OG1 
and RG2. These f i l t e r s  were r ece ived  from t h e  Rad i a t i on  Commission of t h e  
I n t e r n a t i o n a l  Assoc ia t ion  of Meteorology and c a l i b r a t e d  at  Davos. A " f i l t e r  
f a c t o r "  was suppl ied  wi th  each  f i l t e r  so  t h a t  measurements made behind t h e  
f i l t e r  could be c o r r e c t e d  f o r  s u r f a c e  r e f l e c t i o n  and abso rp t i on  by t h e  f i l t e r  
From t h e  measurements of t h e  i n t e n s i t y  of t h e  d i r e c t  s o l a r  beam with and 
without  f i l t e r s  a " f ac to r "  o r  c o e f f i c i e n t  exp re s s ing  t h e  t u r b i d i t y  of t h e  
atmosphere ( o r  amount of a e r o s o l  p r e s e n t )  can be eva lua t ed .  

S ince  1971 Valen t i a  ha s  been p a r t i c i p a t i n g  as a Regional a i r  p o l l u t i o n  
s t a t i o n  w i t h i n  t h e  network e s t a b l i s h e d  by W.M.O. t o  monitor air  p o l l u t i o n .  
I t  w i l l  be some t i m e  be fore  s u f f i c i e n t  d a t a  can be accumulated from t h i s  
network t o  enab le  any conc lus ions  t o  be drawn. Thus an a n a l y s i s  of t he  
t u r b i d i t y  d a t a  a v a i l a b l e  f o r  Va l en t i a  s i n c e  1955 may be  of i n t e r e s t .  The 
purpose of t h i s  paper is t o  p r e s e n t  such an a n a l y s i s .  

2. S i t e  of t h e  Observa t ions  

The Observatory,  which is i n  t h e  extreme SW of I r e l a n d ,  i s  s i t u a t e d  
on t h e  SE s i d e  of t h e  narrow e s t u a r y  of V a l e n t i a  r i v e r  which runs  approximatel \  
NE-SW (Fig .  1 ) .  I t  is about 1 Km t o  t h e  SW of t h e  town of Cahi rc iveen .  The 
popula t ion  of Cahi rc iveen  is about  I 8 0 0  and a p a r t  from domestic f i r e s  f o r  
cooking and h e a t i n g  t h e r e  a r e  no major sou rce s  of p o l l u t i o n .  The r e s t  of 
t h e  a r e a  i s  very  s p a r s e l y  populated.  I t  could be expec ted ,  t h e r e f o r e ,  that  
r e g u l a r  measurements o f  t u r b i d i t y  i n  such a l o c a t i o n ,  remote from sources  
of a r t i f i c i a l  a tmospher ic  a e r o s o l  would h e l p  i n  e s t a b l i s h i n g  a "background 
l e v e l "  f o r  t h e  Northern hemisphere. 



Fig.1 Map showing t h e  s i t e  of Valen t ia  Observatory and i t s  env i rons .  

3 .  The T u r b i d i t y  C o e f f i c i e n t  ( p )  

The b a s i c  r e l a t i o n  f o r  t h e  e x t i n c t i o n  of s o l a r  r a d i a t i o n  may be 
expressed  as fol lows:  

where 

I = t h e  r a d i a t i o n  i n t e n s i t y  measured by t h e  ac t inomete r  and expressed i n  
t h e  I n t e r n a t i o n a l  Py rhe l i ome t r i c  Sca le  1956. 

I ( h )  = s o l a r  r a d i a t i o n  i n t e n s i t y  o u t s i d e  t h e  atmosphere a t  t h e  mean 
0 

sun-earth d i s t a n c e ,  a s  a f u n c t i o n  of t h e  wavelength ( h  ) and 
expressed  i n  t h e  same u n i t s  as I .  

S = t h e  r educ t i on  f a c t o r  f o r  mean s o l a r  d i s t a n c e .  

e = t h e  base  of n a t u r a l  logar i thms.  

A(  h  = t h e  e x t i n c t i o n  exponent which is a f u n c t i o n  of wavelength ( h  1. 

The e x t i n c t i o n  exponent A (  h )  i s  composed of t h r e e  components each of which 
depends on t h e  wavelength and may be expressed a s :  



t h e  e x t i n c t i o n  due t o  c l e a r  d ry  a i r  a cco rd ing  t o  Rayleigh 's  
t heo ry  of s c a t t e r i n g  by air molecules.  
I t  may be taken as m X 0.00897h -4'09 where "m" i s  t h e  o p t i c a l  
a i r  mass. 

t h e  e x t i n c t i o n  due t o  haze which accord ing  t o  t h e  theory  of 
A.  Angstrom [ 1 , 2 , ]  may be  expressed  by 

where t h e  wavelength exponent " a "  v a r i e s  from c a s e  t o  c a s e  bu t  
remain ing  between 0  and 4. I t  i s  a  good gu ide  t o  t h e  d i s t r i b u t i o n  
of t h e  number of t h e  haze p a r t i c l e s  as a f u n c t i o n  of t h e i r  s i z e .  
8 ,  ,, i n c r e a s e s  when t h e  r a t i o  of t h e  smal l  p a r t i c l e s  i n  t h e  

atmosphere i n c r e a s e s  and when t h e  atmosphere c o n t a i n s  a  high 
p ropo r t i on  of very  l a r g e  a e r o s o l  " a "  approaches ze ro .  Angstrom 
has  shown t h a t  o = 1 .3  i s  a  very  good average va lue  s o  t h a t  
e x t i n c t i o n  due t o  haze ( equa t i on  3 )  may be w r i t t e n  i n  t h e  form 

" P 'I  i s  then  a  measure of t h e  q u a n t i t y  of haze i n  t h e  atmosphere 
and is known a s  t h e  Angstrom T u r b i d i t y  C o e f f i c i e n t .  

t h e  e x t i n c t i o n  caused by water vapour i n  t h e  atmosphere. 

4 .  Computation of P 

The most d i r e c t  method of de te rmin ing  P is by measuring t h e  
i n t e n s i t y  of t h e  d i r e c t  s o l a r  beam i n  t h e  u l t r a - v i o l e t  and v i s i b l e  p a r t  
of t h e  spectrum ( < 0.630 p ) s i n c e  i n  t h i s  r eg ion  t h e  s e l e c t i v e  
abso rp t i on  by water vapour is n e g l i g i b l e  and t h e  a t t e n u a t i o n  of s o l a r  
r a d i a t i o n  is caused  only by d r y  a i r  (Rayleigh s c a t t e r i n g )  and haze.  

The r a d i a t i o n  i n  t h e  u l t r a - v i o l e t  and v i s i b l e  p a r t s  of t h e  spectrum 
( i .e .  t h e  s h o r t  wave r a d i a t i o n )  is t h e  d i f f e r e n c e  between t h e  t o t a l  
r a d i a t i o n  a s  measured without  f i l t e r  and t h e  r a d i a t i o n  passed by t h e  red  
f i l t e r  RG2. I f  w e  denote  t h i s  measured r a d i a t i o n  d i f f e r e n c e  ad ju s t ed  by 
t h e  f i l t e r  f a c t o r  by Ik then  

where Ad( A ) i s  g iven by equa t i on  (4 ). 

A l l  t h e  terms of t h i s  equa t i on  a r e  known except  P which can be 
eva lua t ed  from t a b l e s  such as those  given i n  t h e  Appendix t o  t h e  Annals 
of t h e  IGY [3 ] .  . 

5. Order of Magnitude of P 

~ o l l o w i r i ~  t h e  procedure  o u t l i n e d  above p was computed f o r  a l l  
occas ions  when weather and sky c o n d i t i o n s  permi t ted  obse rva t i ons  t o  be 
made. Mean d a i l y  va lue s  were then ob t a ined .  

Of t h e  1162 d a i l y  means a v a i l a b l e  t h e  most f r equen t  va lue  was between 
-030  and -040 which range accounted f o r  16.4% of a l l  days .  Values l e s s  
than -010  were observed on 1.2% of t h e  days  and va lue s  g r e a t e r  than -200 
occur red  on 2.3% of t h e  obse rva t i on  days .  Table  1 shows t he  percentage 
f requency of d a i l y  means of 0 f a l l i n g  w i t h i n  va r i ous  l i m i t s .  The frequency 
d i s t r i b u t i o n  i s  a l s o  shown g r a p h i c a l l y  on Fig. 2 .  



TABLE I PWCENTAGE FREQUENCY OF DAILY MEANS OF ! WIlEIN DIFFERENT RANGES 

' . ' '  

j ~ x d  

I Y e a r  I 1 - 2  9.5 24.0 40-6 3 4  63-1 70.9 76-5 80.8 84.5 87.5 89-0 91.1 93-0 94-3  95-3 95-9 96-6 97-0 97-71 

'000 010 020 030 040 050 080 070 080 090 100 I10  120 130 140 150 160 170 180 190 200 
: t o  t o  t o  t o  t o  t o  ti t o  t o  t o  t o  t o  t o  t o  t o  t o  t o  t o  t o  t o  6r 
009 019 029 039 049 059 069 079 089 099 109 119 129 139 '149 159 169 179 189 199 more 

I 

TABLE l a  CUMULATIVE PWCENTAGE FREQUENCY OF DAILY MEANS OF P P 

I 

Winter I 2 -0  16.4 34.9 I 61-6 69-0 76-4 83.0 87-1 90.6 92.6 93-4 95-4 96.7 97-6  97-8 97-S 98-3 98-7 98.71 

1 
p xio3 ' 
- - -  

I ~ummer 1 0.7 5.0 16-9  33-5 48.2 89.2 67-3 72-3 76.7 80.5 84-2 86-1 88.4 90.6 92.2 93.6 94.6 95.5 95.9 97.0 1 

Less L e s s  Less L e s s  L e s s  L e y  Less ~ e s s  L e s s  L e s s  Less L e s s  L e s s  L e s s  L e s s  Less L e s s  L e s s  L e s s  L e s s '  
than than than than than than than than than  than than than than than than than than than than than 
010 020 030 040 050 060 070 080 090 100 110 120 130 140 150 160 170 180 190 200 - 



Range of P x lo3 

Fig.  2 Frequency of p w i t h i n  v a r i o u s  r anges  

I t  must be borne i n  mind when i n t e r p r e t i n g  t h e s e  va lue s  t h a t  s i n c e  
obae rva t i ons  a r e  p o s s i b l e  on ly  when c l e a r  d i r e c t  sun r a d i a t i o n  is a v a i l a b l e  
t h e  d a t a  are a l r e a d y  "typed" a s  a p p r o p r i a t e  t o  f i n e  o r  f a i r  weather 
cond i t i ons .  Such c o n d i t i o n s  at Va l en t i a  are moat f r e q u e n t l y  a s s o c i a t e d  
wi th  a n t i c y c l o n i c  o r  r i d g e  of h igh  p r e s s u r e  s i t u a t i o n s .  

Fig.  3 shows t h e  cumulat ive  f requency of d a i l y  mean v a l u e s  of P . The 
median va lue  i s  -047  and t h e  lower and upper q u a r t i l e s  a r e  a t  P = -030 and 
p = no77 r e s p e c t i v e l y .  Flowers ,  McCormick and K u r f i s  [ 4 ]  g i v e  s i m i l a r  

cumulat ive  f requency curves  f o r  r u r a l  and i n d u s t r i a l  s i tes i n  t h e  U.S.A. 
Huron i s  given as a t y p i c a l  r u r a l  s i te  and t h e  curve  f o r  t h i s  a t e  i s  a l s o  

Fig. 3 Cumulative f requency curves  f o r  Va l en t i a  and Hurnn 



s h o w  on Fig.  3 as c l o s e l y  as it could be t r a n s f e r r e d  from t h e  graph i n  [ 4 ] .  
I t  i s  clear t h a t  t h e  t u r b i d i t y  c o n d i t i o n s . a t  Huron and a t  Va l en t i a  a r e  very 
s i m i l a r .  S i g n i f i c a n t  p o i n t s  on t h e  curves  g i v e  t h e  fo l lowing:  

Valent i a  Huron - 
Median 0.047 0.057 
Lower q u a r t  i le  0.030 0.038 
Upper q u a r t i l e  0.077 0.080 

These v a l u e s  a r e  d r a m  c l o s e r  t oge the r  when it i s  noted t h a t  t h e  Huron 
f i g u r e s  are f o r  t h e  Volz t u r b i d i t y  c o e f f i c i e n t  (B) whereas t h e  Va l en t i a  
f i g u r e s  are f o r  t h e  Angstrom t u r b i d i t y  c o e f f i c i e n t  ( $  ). In t heo ry ,  a t  
any rate, t h e  Volz c o e f f i c i e n t  (B) may be taken a s  about 7% h ighe r  than t h e  
Angstrom c o u n t e r p a r t  ( $  1. 

Var i a t i on  of $ with  Wind D i r ec t i on  

Mean va lue s  of $ were computed f o r  each wind d i r e c t i o n  on an 8-point 
compass. They a r e  given i n  Table  2 and shown g r a p h i c a l l y  on Fig.  4. 
Summer and w in t e r  are taken a s  t h e  pe r i ods  A p r i l  - September and October - 
March r e s p e c t i v e l y .  Summer t u r b i d i t i e s  are h ighe r  than win te r  t u r b i d i t i e s  
f o r  each  wind d i r e c t i o n .  The v a r i a t i o n  of $ i n  both seasons  is very  s i m i l a r  
wi th  h ighes t  t u r b i d i t i e s  be ing  a s s o c i a t e d  wi th  East and South-East winds. 
T h i s  i s  i n  accordance wi th  expec t a t i ons  s i n c e  winds from t h i s  s e c t o r  would be 
expected t o  be more p o l l u t e d  a s  a r e s u l t  of t h e i r  passa- over t h e  i n d u s t r i a l  
c e n t r e s  t o  t h e  East .  

Table  2 
3 

Mean va lue s  of 10 $ f o r  va r i ous  Wind Di rec t ions  

The p r e sen t  au tho r  analysed t h e  v a r i a t i o n  of Atmospheric Nuclei 
con t en t  of t h e  a i r  over  Va l en t i a  [ 5 ]  and found a  p a t t e r n  very  similar t o  
t h a t  now found f o r  $ . The v a r i a t i o n  of t h e  Atmospheric Nuclei concen t r a t i on  
wi th  wind d i r e c t i o n  i s  a l s o  shown on Fig.  4 f o r  comparison. The p a t t e r n  
f o r  t he  v a r i a t i o n  of $ f o l l ows  c l o s e l y  t h a t  f o r  t h e  v a r i a t i o n  of Nuclei 
con ten t  excep t  f o r  one n o t i c e a b l e  wind d i r e c t i o n  i .e.  North-Past. The 
Nuclei  concen t r a t i on  is high wi th  winds from t h i s  d i r e c t i o n .  In f a c t  t h e  
h ighes t  v a l u e s  of Nuclei concen t r a t i on  were found i n  NE winds i n  w in t e r .  
The t u r b i d i t y ,  however, shows no similar i nc r ea se .  Perhaps t h e  exp lana t ion  
l ies i n  t h e  f a c t  t h a t  winds from t h i s  d i r e c t i o n  pass  d i r e c t l y  over t h e  town 
of Cahirc iveen which is only 1 K m  from t h e  Observatory.  Though t h e r e  i s  no 
great i n d u s t r i a l  source  of p o l l u t i o n  t he  smoke and grime from domestic f i r e s  
could be expected t o  c o n t r i b u t e  cons iderab ly  t o  t h e  Nuclei  con ten t  bu t  s i n c e  I 

F u l l  year  
Winter 
Summer 

t h e  a e r o s o l  would be conf ined  t o  a  very  Bhallow l a y e r  near  t h e  su r f ace  t h e  
e f f e c t  on t h e  t u r b i d i t y  would only be marginal.  1 

North North- East South- South South- West North- 
East East  West West 

057 05 7 0 76 078 064 059 063 059 
038 04 7 071 054 049 045 04 9 038 
066 074 088 104 0 73 06 7 066 063 

When a n a l y s i n g  t h e  Atmospheric Nuclei d a t a  McWilliams [ 5 ]  suggested 
I 

t h a t  t h e  ch i e f  source of a e ro so l  i n  winds from an Ees t e r l y  d i r e c t i o n  was 
t h e  i n d u s t r i a l  a r e a s  of c e n t r a l  England. The t u r b i d i t y  d a t a  would confirm I 

t h i s  f o r  t h e  w in t e r  season. In summer however, t h e  most t u r b i d  a i r  a r r i v e s  I 

a t  V a l e n t i a  from t h e  South-East i n  which c a s e  it  would g e n e r a l l y  have come 



P z - Winter ---- 

F i g .  4 V a r i a t i o n  of  P and Z ( ~ t m .  Nuc le i  Coun t )  w i t h  Wind 

D i r e c t i o n  ( D e v i a t i o n  f rom Annual Mean V a l u e s )  

f rom t h e  European C o n t i n e n t  a f t e r  a f a i r l y  l o n g  p a s s a g e  o v e r  t h e  sea. 
Lovelock  [6 ]  a l s o  found t h a t  w inds  f r o m C o n t i n e n t a 1  Ehrope a r r i v i n g  a t  
Bowerchalke  i n  S o u t h e r n  Ehgland d u r i n g  Summertime were much more t u r b i d  
t h a n  t h e  a i r  f rom t h e  i n d u s t r i a l  r e g i o n s  closer a t  hand and  t o  t h e  North.  

I f  w e  e l i m i n a t e  t h e  winds  w i t h  a n  E a s t e r l y  component t h e  r e m a i n i n g  
winds  a r r i v e  a t  V a l e n t i a  e i t h e r  d i r e c t l y  from t h e  A t l a n t i c  o r  a f t e r  o n l y  
a v e r y  b r i e f  p a s s a g e  o v e r  s p a r s e l y  p o p u l a t e d  c o u n t r y s i d e .  These  winds  i n  
t h e  s e c t o r  South  t h r o u g h  West t o  Nor th  h a v e  been  c l a s s i f i e d  i n  [5]  a s  
"sea winds".  They show a  u n i f o r m  v a l u e  of  t u r b i d i t y  s l i g h t l y  above t h e  
o v e r a l l  l o n g  period a n n u a l  mean d u r i n g  t h e  summer and g e n e r a l l y  v e r y  c l e a r  
a i r ,  c o n s i d e r a b l y  below t h e  o v e r a l l  a n n u a l  mean, d u r i n g  t h e  Win te r  s e a s o n .  

! 

i 7. V a r i a t i o n  o f  P w i t h  S y n o p t i c  A i r  Masses 

i - Wind d i r e c t i o n  c a n  o n l y  i n d i c a t e  i n  a g e n e r a l  way t h e  o r i g i n  of t h e  
a e r o s o l  i n  t h e  a i r .  A b e t t e r  c r i t e r i o n  i s  p r o b a b l y  t h e  a i r  mass c l a s s i f i c a t i o n .  

1 - The t y p e  of  a i r  mass o v e r  V a l e n t i a  a t  t h e  t i m e  when t u r b i d i t y  o b s e r v a t i o n s  
were made w a s  s u p p l i e d  by t h e  C e n t r a l  A n a l y s i s  and F o r e c a s t i n g  O f f i c e  of t h e  

i I r i s h  M e t e o r o l o g i c a l  S e r v i c e .  The mean t u r b i d i t y  a s s o c i a t e d  w i t h  e a c h  a i r  
mass f o r  e a c h  month o f  t h e  y e a r  was computed and t h e  r e s u l t  is shown on 

i F ~ K .  5 .  
I 

I l iKhest  t u r h i d i t i e s  a r e  found  i n  C o n t i n e n t a l  T r o p i c a l  ( cT)  a i r .  T h i s  
t y p e  of  a i r  mass i s  however v e r y  r a r e l y  e x p e r i e n c e d  a t  V a l e n t i a  and v a l u e s  
of t u r b i d i t y  a r e  a v a i l a b l e  o n l y  f o r  two months i n  t h e  y e a r  i . e .  May and 
O c t o b e r .  The v a l u e s  a r e  e n t e r e d  f o r  t h e s e  months on F i g .  5 ( cT )  and can  
b e  s e e n  t o  b e  h i g h e r  t h a n  t h e  c o r r e s p o n d i n g  monthly mean f o r  any  o t h e r  a i r  
mass.  I t  i s  c l e a r ,  however. t h a t  t h e  c h i e f  c o n t r i b u t o r  t o  h igh  t t u h i d i t y  
i n  a l l  months o f  t h e  y e a r  i s  a i r  o f  C o n t i n e n t a l  P o l a r  (cP) o r i g i n .  

What may b e  c o n s i d e r e d  a s  t h e  normal  background t n l u e  o f  turbidity a t  
V a l e n t i a  i s  r e p r e s e n t e d  by t h r  curv.e f o r  Mar i t ime  P o l a r  (mP) a i r .  T h i s  i s  

by f a r  t h e  most f r e q u ~ n t  a i r  mass o'ver V a l e n t i a  and i s  r o u g h l y  
r e p r e s e n t e d  by what h a v e  been  r e f e r r e d  t o  above a s  " s e a  winds".  
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Fig .  5 V a r i a t i o n  of P with  Synopt ic  A i r  Mass. 

Maritime T r o p i c a l  (mT) a i r  i n  i t s  t r u e  sense  is no t  conducive t o  
t u r b i d i t y  measurements at Va l en t i a .  I t  is gene ra l l y  accompanied by low 
c louds  and d r i z z l e  and seldom s u i t a b l e  f o r  r a d i a t i o n  measurements. The few 
t u r b i d i t y  measurements ob t a ined  when t h e  a i r  w a s  c l a s s i f i e d  a s  m a r i t i m e  
t r o p i c a l  a r e  i n s u f f i c i e n t  t o  p rov ide  r e l i a b l e  monthly means. The means 
ob ta ined  have,  however, been e n t e r e d  on Fig.  5 ,  t h e  c i r c l e d  f i g u r e  bes ide  
each  mean showing t h e  number of days  on which t h e  mean was based. These 
r a t h e r  doub t fu l  v a l u e s  would suggest  t h a t  t h e  a i r  mass i n  ques t i on  was 
l i t t l e  d i f f e r e n t  from Maritime Polar. 

The lowest va lue s  ob t a ined  were i n  A r c t i c  a i r  (Ak). The monthly 
d i f f e r e n c e s  were smal l  i n d i c a t i n g  t h a t  t u r b i d i t i e s  -- a r e  always 1 

36 r. . . \  
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w i n  Ak. 

K) 

Pig .  6 Percentage f requency of P with  Synopt ic  A i r  Mass 



Range of P x lo3 

F i g  7 Cumulative f requency of P with  va r i ous  A i r  Masses 

There are no v a l u e s  f o r  t h e  months June - Sept .  s i n c e  A r c t i c  a i r  does  not  
p e n e t r a t e  so  f a r  South d u r i n g  t h e s e  months. 

Con t i nen t a l  Po la r  a i r  over Va l en t i a  i s  u s u a l l y  a s s o c i a t e d  wi th  an 
an t i cyc lone  cen t r ed  over  & a ~ v l a  o r  North Europe, t h e  a i r  sweeping 
a c r o s s  Europe and Southern France  t o  I r e l and .  The h igh  t u r b i d i t i e s  
a s s o c i a t e d  wi th  Con t inen t a l  Po l a r  a i r  would aga in  appear t o  conf i rm 
Lovelock's conc lus ion  t h a t  a i r  from Con t inen t a l  mrope  i s  more heav i l y  
laden wi th  a e r o s o l  than t h a t  from t h e  i n d u s t r i a l  r eg ions  of England. 

F i a .  6 shows t h e  percentage f requency d i s t r i b u t i o n  of P f o r  each of 
. t h e  t h r e e  main a l r  masses and F ig .  7 shows t h e  cor responding  cumulat ive  
frequency curves .  T r o p i c a l  air  is no t  inc luded  due to t h e  pauc i ty  of 
observed d a t a .  

The cumulat ive  curve  f o r  Ak shows t h e  smallest spread of t u r b i d i t i e s  
between t h e  lower and upper q u a r t i l e s  a t  P = 0.017 and 0.033 r e s p e c t i v e l y .  
The median va lue  of P i s  0-024. 

Maritime Po la r ,  t h e  p r e v a i l i n g  a i r  mass a t  Va l en t i a ,  shows lower 
and upper q u a r t i l e s  a t  P = 0.030 @nd 0.069 r e s p e c t i v e l y  wi th  a median 
va lue  at  0.044. 

The frequency d i s t r i b u t i o n  f o r  Con t i nen t a l  Po la r  a i r  is t y p i c a l  of a i r  
which ha s  been p o l l u t e d  by passage over  i n d u s t r i a l  zones.  The d i s t r i b u t i o n  
i s  f a i r l y  uniform ove r  t h e  range  of t u r b i d i t i e s  observed,  wi th  lower and 
upper q u a r t i l e s  at  $ : 0.050 and 0.125 r e s p e c t i v e l y .  The median va lue  
is a t  P = 0.077. 

About 7% of t h e  t u r b i d i t i e s  observed i n  Cont inen ta l  Po la r  a i r  exceeded 
0.200, whereas on ly  1.4% exceeded t h i s  va lue  i n  t h e  case of Maritime Po l a r  
a i r .  None of t h e  va lue s  observed i n  A r c t i c  a i r  exceeded 0.090 and only 
11 % exceeded 0- 040. 



8. Seasonal Variat ion 

Monthly and annual mean values a r e  given in  Table 3 and the  average 
annual va r i a t ion  f o r  the  f u l l  17 year period i s  shown on Fig. 8. Similar 
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Fig. 8 Annual Variat-ion of Turbidi ty.  

annual v a r i a t i o n  curves f o r  Davos, Adrigole (about 45 Km from Yalent ia)  end 
Bowerchalke in Southern England a r e  a l s o  shown. The Davos values a r e  taken 
from [ 7 ]  and the  Adrigole and Bowerchalke values from [6]. They a l l  show 
the  now fami l i a r  higher v-alues of t u r b i d i t y  dur ing  t h e  summer months and 
r e l a t i v e l y  low values  during t h e  winter  month* Apart from the  d i f f e rences  
in absolu te  value the  most not iceable  f e a t u r e  is  t h e  occurrence of the  
peak value f o r  Valent ia  i n  Apr i l ,  whereas the  o the r s ,  a p a r t  from Adrigole have 
a peak in  June/July. The Adrigole curve does show an Apr i l  p a k  but haa 
i t s  highest value in  September. However, the  Adrigole va lues  are based 
on only two years  d a t a  (1970 and 1971) a s  compared with the  ~ a l e n t i a  17 
year period. W y  miters a t t r i b u t e  the  general  high summer values t o  the  
increased i n s t a b i l i t y  during sp r ing  and e a r l y  summer r e s u l t i n g  in  
convection cu r ren t s  ca r ry ing  q u a n t i t i e s  .of aerosol  i n t o  the- higher 
atmosphere, t he  general  atmospheric subsidence in  winter  months produciqg 
an opposi te  c leans ing  e f f e c t .  Iovelock suggests  t h a t  the  &nae_r summer- 
time aerosol  is probably an end product of the  atmospheric photochemistry 
of a r  po l lu tan t s  under summer condi t ions  and t h a t  Continental  mr-ope is 
the  p r inc ipa l  source. If we r e f e r  again t o  Fig. 5 we see  the  annual 
va r i a t ion  of the Valentia d a t a  w i t h  respect  t o  the  p r i n c i p a l  air masses. 
The curve f o r  mP a i r  is  almost i d e n t i c a l  with the  o v e r a l l  annual 
va r i a t ion  curve f o r  a l l  observat ions at Valent ia ,  the  peak value again 
appearing in h p r i l .  I n  t he  case of the  Continental Polar  air  the  peak 
value occurs in  June - July.  The time a t  which the  peak occurs a t  a 
p a r t i c u l a r  s + t e  would, t he re fo re ,  appear t o  depend t o  a g rea t  ex tent  on 
t h e  prevai l  irhp a i r  mass. 



In the  case  of mP a i r ,  which p reva i l s  a t  Valent ia ,  the  range between 
summer and winter  t u r b i d i t y  values i s  considerably compressed a s  compared 
with a i r  of con t inen ta l  o r i g i n .  This could w e l l  be due t o  the f a c t  t ha t  
t he  atmospheric photochemical and b io log ica l  sources of summer aerosol  
would not be such major con t r ibu to r s  in the  case  of maritime a i r  a s  i n  
t h e  case  of a i r  a r r i v i n g  from cont inenta l  areas.  

Another f a c t o r  which probably plays a pa r t  i n  the  annual va r i a t ion  of 
the  t u r b i d i t y  i s  the  r a i n f a l l .  McWilliams [ 5 ]  found i n  the  case  of 
atmospheric nuc le i  t h a t  r a i n  caused a reduction in t h e  nuclei  content 
amounting t o  about 30%. Other miters found a similar "washing out" e f f e c t  
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Fig. 9 Annual Variat ion of $ and Ra in fa l l .  

In Fig. 9 t h e  t u r b i d i t y  annual v a r i a t i o n  curve f o r  a l l  observat ions 
i s  shorn with the  curve of normal monthly r a i n f a l l  amounts a s  measured a t  
Valent ia .  The r a i n f a l l  normale.are based on a 30 year average and a r e  
p lo t t ed  inverse ly  t o  f a c i l i t a t e  comparison with the  t u r b i d i t y  curve. The 
p a r a l l e l  t rend of t h e  two curves is very s t r i k i n g .  The h i@ea t  t u r b i d i t y  
and the  minimum r a i n f a l l  coincide i n  the  month of April .  Wetter months 
show reduced t u r b i d i t y  and t h e  c l e a r e s t  a i r  i s  found i n  the  months Dec. - 
Jan. which have the  maximum r a i n f a l l .  I t  would appear, therefore ,  t ha t  t he  
scavenging e f f e c t  of r a i n f a l l  playa a considerable r o l e  i n  the  con t ro l  of 
the  aerosol  content of t h e  a i r  a t  Valent ia  

9. Turbidi ty Trends 

The poss ib le  modification of cl imate and weather due t o  an increase in  
atmospheric pol lu t ion  has been rece iv ing  conaiderable a t t e n t i o n  by s c i e n t i s t s  
in  recent  years [ 8 ,9 ] .  An increase  in  the  C02 content of the  atmosphere and 
an increase  in  atmospheric aerosol  content are among the  p r inc ipa l  f a c t o r s  
which could cause a reduction in the  incident  so la r  r ad ia t ion .  The general 





atmospher ic  warming which could be expected from t h e  r epo r t ed  s teady i n c r e a s e  
i n  t h e  C02 con t en t  of t h e  atmosphere ha s  not  been observed.  In f a c t  t h e  

o p p o s i t e  h a s  been no ted  i n  [10,11] .  The world wide r e d u c t i o n  i n  mean 
annual  air  tempera ture  r epo r t ed  t o  have s t a r t e d  about 1940 has  been 
a t t r i b u t e d  by a number of w r i t e r s  t o  a u n i v e r s a l  i n c r e a s e  i n  atmospheric 
t u r b i d i t y .  Values given by McCormick and Ludwig [ I 2 1  suggest  t h a t  a t  
Washington (U.S.A.) t h e r e  ha s  been a t o t a l  i n c r e a s e  of about 57% between 
1905 and 1964 and a t  Davos (Swi tze r land)  an i n c r e a s e  amounting t o  88' 
between 1920 and 1958. Pe te r son  and Bryson [13]  i n  a s tudy of t h e  obse rva t i ons  
a t  Mauna Loa Observatory,  Hawaii show an i n c r e a s e  i n  t u r b i d i t y  of about 30% 
i n  t h e  t e n  year  per iod  1958 - 68. The t r e n d  was masked by a v e r y - r a p i d  
i n c r e a s e  i n  t u r b i d i t y  i n  1963 r e s u l t i n g  from t h e  e r u p t i o n  of Mount Agung i n  
t h e  East  I nd i e s  i n  March, 1963, but t h e  au tho r s  concluded t h a t  t h e  e f f e c t  of 
t h e  Mount Agung e r u p t i o n  w a s  of a temporary (though prolonged)  n a t u r e  and 
t h a t  most of t h e  inc rease 'was  t h e  r e s u l t  of a l ong  term world wide turbidity 
i n c r e a s e .  

Though no obse rva t i ons  a r e  a v a i l a b l e  a t  V a l e n t i a  f o r  t h e  earlier d a t e s  
r e f e r r e d  t o  i n  t h e  c a s e  of Washington and Davos, t h e  con t inuous  s e r i e s  of 
obse rva t i ons  from 1955 t o  1971, u s i n g  t h e  same ins t ruments  and f i l t e r s ,  
p rov ide s  an oppo r tun i t y  of conf i rming ,  o r  o the rw i se ,  t h e  r epo r t ed  t r e n d  a s  
f a r  as V a l e n t i a  i s  concerned. 

For t h i s  purpose F ig .  10 shows t h e  d e p a r t u r e s  from t h e  monthly average 
t u r b i d i t y  f o r  t h e  f u l l  17-year per iod .  S ince  t h e  monthly v a l u e s  of P showed 
a d i s t i n c t  annua l  v a r i a t i o n  t h e  p l o t t e d  va lue  f o r  each i n d i v i d u a l  month i s  
t h e  d e p a r t u r e  from t h e  normal va lue  f o r  t h a t  month, t h e  normal va lue  f o r  each 
month be ing  based on t h e  d a t a  f o r  t h e  f u l l  pe r iod .  There i s  no evidence of 
any l o n g  term t r e n d  as r e p o r t e d  by t h e  r e s e a r c h e r s  mentioned above. 
I nd iv idua l  months show c o n s i d e r a b l e  d e p a r t u r e s  bu t  t h e  background l e v e l  a t  
t h e  end of t h e  pe r i od  remains  unchanged from t h a t  observed at  t h e  beg inn ing  
of t h e  pe r i od .  The annual  mean v a l u e s  f o r  each year  a r e  a l s o  shown on t h e  
diagram. This  curve  i n d i c a t e s  a f a i r l y  l ong  p e r i o d ,  small ampli tude 
o s c i l l a t i o n  i n  t h e  mean annua l  t u r b i d i t y  background on which are superimposed 
t h e  i r r e g u l a r  monthly d e p a r t u r e s ,  no doubt a s s o c i a t e d  wi th  t h e  f r equen t  
changes i n  wind d i r e c t i o n  and a i r  masses which a r e  t y p i c a l  of t h e  Va l en t i a  
l a t i t u d e  and geographica l  p o s i t i o n .  

The h ighe r  monthly d e p a r t u r e s  are u s u a l l y  a s s o c i a t e d  wi th  an e rup t i on  of 
Con t i nen t a l  P o l a r  air  from Northern and Cen t r a l  Europe. The h ighes t  peak 
occur red  i n  October,  1964. However, t h i s  p a r t i c u l a r  monthly mean was based 
on on ly  fou r  o b s e r v a t i o n s ,  t h r e e  of which r e s u l t e d  i n  abnormally high va lues .  
The a i r  was Con t inen t a l  Po l a r  a s s o c i a t e d  wi th  an an t i cyc lone  cen t r ed  over  
Northern Germany, t h e  East/S.East wind b r i n g i n g  t h e  a i r  a c r o s s  c e n t r a l  Europe 
and over  Fhgland t 6  I r e l and .  

In pe r a .  7 above it was suggested t h a t  t h e  t u r b i d i t y  i n  mP a i r  may be 
cons idered  a s  r e p r e s e n t a t i v e  of t h e  normal background t u r b i d i t y  a t  
Va l en t i a .  F ig .  11 shows t h e  s e c u l a r  v a r i a t i o n  of P i n  mP a i r  (shown as  
d e v i a t i o n s  from t h e  o v e r a l l  annual  mean v a l u e ) .  The main f e a t u r e  of t h e  
v a r i a t i o n  i s  t h e  d rop  i n  t u r b i d i t y  from 1956 t o  1961 fol lowed by a 
g radua l  recovery  t o  normal va lue .  In t h e  c a s e  of t h e  s ea sona l  v a r i a t i o n  i t  
was found (para .  8 above) t h a t  t h e  seasona l  p a t t e r n  fol lowed c l o s e l y  the  
s ea sona l  p a t t e r n  i n  r a i n f a l l .  Hence t h e  s e c u l a r  v a r i a t i o n  i n  t o t a l  
r a i n f a l l  a s  measured a t  Va l en t i a  is a l s o  shown on F ig .  11 ( p l o t t e d  i n v e r s e l y ) .  
There i s  a cons ide r ab l e  s i m i l a r i t y  i n  t r e n d  sugges t i ng  a g a i n ,  a s  i n  t he  
c a s e  of t h e  s e a s o n a l  v a r i a t i o n  t h a t  t h e  washing ou t  e f f e c t  of r a i n f a l l  p lays  
a cons ide r ab l e  p a r t  i n  t he  c o n t r o l  of t h e  a e r o s o l  con ten t  of t h e  a i r  a t  
Valent ia. 

The r e s u l t s ,  however, do no t  support  t h e  theory  of a long term t r end  
of i n c r e a s i n g  t u r b i d i t y .  In a per iod  d u r i n g  which t h e  i n s t rumen t s ,  o ~ ~ r  
knowledge of them, and o b s e r v a t i o n a l  t echn iques  have been undergoing 
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Fig .  11 Secu la r  V a r i a t i o n  of p and R a i n f a l l  (As 
LJeviations from 1 7  Yeax Meam). 

c o n s i d e r a b l e  improvement t h e r e  must be  some doubt  am t o  t h e  a b s o l u t e  v a l u e  
and c o m p a r a b i l i t y  of o b s e r v a t i o n s  s e p a r a t e d  by a span of up t o  50 y e a r s .  
Moreover, F ig .  1.1 shows f i a t ,  a t  l e a s t  a t  V a l e n t i a ,  v a r y G g  d e g r e e s  of 
i n c r e a s i n g  o r  d e c r e a s i n g  t r e n d  cou ld  be c a l c u l a t e d  depending on t h e  t e r m i n a l  
y e a r s  used i n  t h e  computat ion.  

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  McCormick, who with  Ludwig [12]  used t h e  
WashinHon and Davos d a t a  t o  show a l a r g e  world wide i n c r e a s e  i n  t h e  l a s t  
h a l f  c e n t u r y  l a t e r  found [ 4 ]  when a n a l y s i n g , w i t h  Flowers and K u r f i s ,  d a t a  
observed a t  a v a r i e t y  of s t a t i o n s  i n  t h e  U.S.A.  f o r  t h e  p e r i o d  1960 - 66 t h a t  
t h e r e  was no ev idence  o f  such a t r e n d .  

Dopniaux and Sneyers  [ 1 4 ]  ana lysed  a 20 yearper iod  of t u r b i d i t y  d a t a  
a t  Uccle,  B r u s s e l s ,  which inc luded  t h e  17 year  p e r i o d  covered by t h e  V a l e n t i a  
d a t a ,  and found o n l y  a ve ry  smal l  bu t  i n s i g n i f i c a n t  i n c r e a s e  i n  t h e  
t u r b i d i t y .  Though some i n c r e a s e  i n  l o c a l  t u r b i d i t y  must be expected a t  sites 
c l o s e  t o  i n d u s t r i a l  development a r e a s  t h e  V a l e n t i a  d a t a  would appear  t o  
i n d i c a t e  t h a t  t h e r e  h a s  been no g e n e r a l  world wide i n c r e a s e  i n  t u r b i d i t y  
e s p e c i a l l y  i n  r u r a l  a r e a s  remote  from t h e  s o u r c e s  of man made p o l l u t a n t s .  

10. Conclusion 

The a n a l y s i s  of 1 7  y e a r s  of measurements o f  t h e  Angstrom t u r b i d i t y  
c o e f f i c i e n t  a t  V a l e n t i a  shows: 

10.1 .  Mean d a i l y  t u r b i d i t y  most f r e q u e n t l y  l ies  between -030  and - 0 4 0  w i t h  
a median v a l u e  of -047 .  

10.2 .  Higbest  t u r b i d i t i e s  a r e  observed i n  winds from an East and South East 
d i r e c t i o n .  

1 0 . 3 .  For a l l  wind d i r e c t i o n s  t u r b i d i t i e s  a r e  h igher  i n  summer than i n  
w i n t e r .  

10.4 .  Mean monthly v a l u e  is  h i g h e s t  i n  A p r i l  and lowest  i n  Dec./Jan. 



10.5.  me ch ie f  f a c t o r  de te rmin ing  t h e  t u r b i d i t y  is t h e  air mass type .  
Con t i nen t a l  T rop i ca l  a i r  was exper ienced i n  only two months of t h e  
year bu t  t h e  observed t u r b i d i t y . w a s  h igher  than t h a t  f o r  any o the r  
a i r  mass f o r  t h e  cor responding  months. 

Otherwise ,  Con t i nen t a l  Polar  a i r  was a s s o c i a t e d  wi th  h i g h e s t  
t u r b i d i t i e s  i n  each month of t h e  year .  

Marit ime po l a r  a i r ,  t h e  p r e v a i l i n g  air mass, showed r e l a t i v e l y  
low t u r b i d i t y  and seems t o  dominate t h e  o v e r a l l  annual t u r b i d i t y  
p a t t e r n .  

10.6. The scavenging e f f e c t  of r a i n f a l l  would appear t o  have a cons ide r ab l e  
i n f l u e n c e  on t h e  annual  and s e c u l a r  v a r i a t i o n .  

10.7.  There i s  no evidence of any t r e n d  of i n c r e a s i n g  t u r b i d i t y  d u r i n g  t h e  
D e r  iod  . 

Thanks a r e  due t o  M r .  F. E. Dixon, O/C Cen t r a l  Ana lys i s  and F o r e c a s t i n g  
O f f i c e  f o r  t h e  prov.ision of t h e  A i r  Mass d a t a  used i n  t h i s  a n a l y s i s  and t o  
M r .  D. N.  Reidy at  V a l e n t i a  Observatory who performed much of t h e  
l abo r ious  computa t iona l  work involved.  
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