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THE :ONCENTHATION OF ATMOSPHERIC CONDhWSL.TION NUCLEI AT 
VALEFT I A  rnSERVRPORY 

Summary 

Measurements of t h e  concentrat  ion of condensat ion  n u c l e i  made twice  driily 
a t  Valent ia  Observatory over t h e  tweive years  1955 - 1966 a r e  analysed. 
Concentrations a r e  found t o  be gene ra l ly  h igher  i n  t h e  af te rnoon than  durirlg 
t h e  n ight  and h igher  i n  summer than  i n  winter .  Precipl.t .ation a t  t h e  t ime 
of observat ion  o r  i n  t h e  previous hour reduces t h e  concent ra t ion  by 30 - 4 6 .  
An a n a l y s i s  of t h e  d a t a  obtained when t h e r e  was no p r e c i p i t a t i o n  a t  t h e  time 
of observat ion  o r  i n  t h e  previous hour shows t h a t  t h e  concent ra t ion  decreafies 
with inc reas ing  wind speed. Highest va lues  Rre found wi th  calms o r  winds 
f r o m t h e  e a s t $ r l y  s e c t o r  where p o l l u t i o n  by smoke and p r d u c t s  of combustion 
would be  most expectec?. High concerrtrations a r e  a s soc ia t ed  with low r e l a t i v e  
humidity, with high temperature, and with c l e a r  o r  almoet cl.ear ,skies.  The 
annual  v a r i a t i o n  f o r  a l l  w:lnd d i r e c t i o n s  is influenced by t h e  incidence of 
winds f r o m t h e  e a s t e r l y  s e c t o r ,  but  f o r  winds from t h e  seaward s e c t o r  t h e  
annual  v a r i a t i o n  fol lows close1.y t h a t  of g loha l  r o l a r  r a d j a t  ion. 

-------.-.-.-*-.-*-----*-.-,-,-.-*- 

1. In t roduc t ion  

Measurements of t h e  concent ra t ion  of atmospheric condensation nuc le i  
were begun a t  Valent ia  Observatory ir. 1950. The r e s u l t s  obtained up t o  
December 1954 were analysed by McWilliams and Morgan ( 1 ) .  This paper 
d i scusses  t h e  r e s u l t s  obtained dur ing  t h e  period January 1955 t o  D e c e ~ b e r  l%h 

2. S i t e  of t h e  Observations 

The observctory,  whjch i s  i n  t h e  extreme SW of I r e l and ,  i s  s i t u a t e d  on 
t h e  SE s i d e  of t h e  narrow efstuary of Valent ia  River which runs approxiIIb%kly 
NE-SW ( 9 i g . l ) .  It i s  about I. km. t o  t h e  SW of t h e  town of Cahirciveen. 

,- 
:- " :,: I p shr,whg the  site of Valerrtia Observatory O R ~  i t .~  ent~iro-IS. 
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The population of Cahirciveen i s  approximately 1800 and apart  from 

domestic f i r e s  f o r  cooking and heating there  a r e  no major sources of smoke 
pollution.  The r e s t  of t he  area i s  very sparsely populated. 

Measurements of the  concentrat ion of nuclei  were made with a photoelectric 
nucleus counter a s  described i n  [2]. 

The nucleus counter was ins ta l led  i n  a hut ( indicated i n  Fig. 2 )  i n  t he  
grounds of the  Observatory. The instrument was connected with t he  outside 
atmosphere by means of rubber t ~ b i n g ~ l 2 . 5  nun. bore,about 1 metre long 
passing through the  wall of t h e  hut a t  a height of 1.73 metres above ground 
level .  

Observational Routine 

Observations were made twice da i ly  throughout t he  period. Up t o  31st. 
March 1957 times of observation were 00 h. and 12 h. GMT. A s  f romtha t  
date upper a i r  operations were scheduled for  these times so the  nucleus 
counter observations had t o  be changed t o  03h. and 15h. GMT. A t  each 
observation time four readings were made v i t h  t he  counter and the ari thmetic 
mean of t he  four counts taken a s  t he  number of nuclei. For convenience 
the  number of nuclei  per c d  so determined w i l l  be indicated by Z. Reference 
t o  nurrbers of nuclei w i l l  i n  a l l  cases re fe r  t o  the  number per cm3. 

Other meteorological elements observed a t  t he  same time were: 

( a )  Temperature and humidity a s  determined by the  Assmann aspirated 
psychrometer exposed near the  intake pipe of t he  nucleus counter 

(b )  Wind speed and direct ion a s  recorded by a Dines pressure tube anemometer, 
with head a t  an effect ive height of 10  metres and s i tuated about 30 metres 
t o  the  ESE of t he  nucleus counter hut. 

Values of other meteorological elements were those observed a t  t he  
routine observations made a t  t he  same hour f o r  synoptic purposes. 

Use of Medians 

A s  mentioned i n  [ l ]  it was found tha t  groups of moderately l o w  values 
of Z occurred with a re,latively small number of very high values. In  order 
t o  avoid undue weight being given t o  these high values medians of Z a r e  
used throughout t h i s  analysis .  The re la t ion  between the  mediana and the  
mean values is discussed i n  para. 6 below. Values given for  "Winter" and 
"Summer" re fe r  t o  t he  groups of calendar months October t o  March and April 
t o  September respectively. 

Order of Nagnitude of Z 

Throughout t he  f u l l  period 8759 observations were made. Over 4 6  of 
observation8 gave values of Z l e s s  than 500.' The percentage frequency of 
counts f a l l i n g  between d i f fe ren t  l imi t s  i s  shown i n  Table 1. 

Table 1. Frequency Distribution of Ranges of Nucleus Concentration - A l l  Observations 

I$ of Total  1 41.1 15.2 9.6 13.4 13.2 7.5 1 

Concentrat ion ( 2 )  

Number of Obs. 

Less than 500 t o  750 t o  1000 t o  1500 t o  More than 
500 750 1000 1500 3000 3000 

3601 1333 839 1178 1159 649 

5 a t  Mace 
Head [31 38.6(22) 29.8(17) 14.0(9) , - \ - ,  - -  

Figures in rcund brackets show number of observst ions. 



Results obtained by O'Connor [3 ]  a t  a similar s i t e  on t h e  West coast  
of Ireland a t  Mace Head, Co. Galway a r e  shown i n  t h e  bottom l i n e  of Table 1. 
Although O'Connor's d i s t r i b u t i o n  is based on only 57 observations a s  compared 
with t h e  8759 observations a t  Valentia t h e  derived d i s t r i b u t i o n s  a r e  i n  very 
good agreement espec ia l ly  f o r  t h e  range 0 - 500. 

As  w i l l  be seen below (para .  8 )  t h e r e  i s  considerable po l lu t ion  
c a r r i e d  i n  winds f r o m t h e  e a s t e r l y  sec to r .  Omitting t h e  occasions when 
t h e  wind was NE, E, SE o r  calm t h e  remaining wind d i r e c t i o n s  m y  be c l a s s i f i e d  
a s  "sea winds" t r anspor t ing  air  which even if not always t r u l y  mritime w i l l  
genera l ly  have had s u f f i c i e n t  t r a c k  over t h e  sea t o  assume maritime 
c h a r a c t e r i s t i c s .  None of t h e  winds reach t h e  nucleus counter s i t e  d i r e c t l y  
from t h e  sea but a p a r t  from t h e  southerly d i rec t ion ,  and t o  a l e s s e r  degree 
t h e  nor ther ly ,  t h e  passage over land i s  genera l ly  r e l a t i v e l y  shor t .  The 
frequency d i s t r i b u t i o n  f o r  these  "sea winds" i s  given i n  Table 2. 

Table 2 Frequency Dis t r ibu t ion  of Ranges of Nucleus Concentration. 
Sea Winds Only 

Concentrat ion ( Z  I 
I Number of Obs . 

at O.W.S. 

-- - 

Less than 500 t o  750 t o  1000 t o  1500 t o  More than 
500 750 1000 1500 3000 3000 

Figures i n  round brackets  show number of obSe~at iOn.5 .  

There i s  a  marked s h i f t  i n  d i s t r i b u t i o n  towards t h e  lower ranges and 51% 
of t h e  observed values a r e  l e s s  than 500. 

O'Connor a l s o  found values f o r  "maritime a i r "  a t  Mace Head and these  a r e  
shown i n  t h e  t h i r d  l i n e  of Table 2.  

Moore [ 4 ]  analysed a s e r i e s  of 27 observations made on board an Ocean 
Weather Ship i n  t h e  North At lant ic  and h i s  r e s u l t s  a r e  reproduced i n  t h e  l a s t  
l i n e  of Table 2 .  Even though t h e  number of observations is r e l a t i v e l y  small 
t h e  d i s t r i b u t i o n  found both by O'Connor and Moore a r e  i n  s a t i s f a c t o r y  
agreement w i t h  t h e  r e s u l t s  a t  Valent ia .  

Of t h e  values g rea te r  than 3000 68% occurred with calms o r  winds from t h e  
NE - SE sec to r  where smoke po l lu t ion  rrould be expected. This r a t i o  remains 
almost constant when t h e  values above 3000 a r e  subdivided i n t o  f u r t h e r  ranges. 
Thus i n  t h e  range 3000 - 5000 t h e r e  were 383 occasions, 251 (66%) of which 
occurred with winds f r o m t h e  e a s t e r l y  sec tor .  In t h e  range 5000 - 1OOOO 
t h e r e  were 212 occasions, 144 (67$) of which occurred with e a s t e r l y  winds 
and of t h e  54 observed values above 10000, 38 (70%) occurred with winds 
from t h i s  same sec to r .  The highest value observed was 23070 which occurred 
a t  midday i n  mid-January i n  a l i g h t  va r iab le  wind (calm t o  4 kno t s ) .  The 
upper a i r  ascent  showed t h a t  a  s t eep  inversion of temperature i n  t h e  l ayer  
near t h e  surface during t h e  previous night s t i l l  pe r s i s t ed  a t  midday. The 
high concentrat ion was obviously due t o  t h e  l o c a l  build-up of smoke p a r t i c l e s  
and combustion nucle i  trapped beqeath t h e  inversion.  

The lowest concentrat ion f o r  which t h e  counter i s  ca l ib ra ted  i s  98 nucle i  
per  cm3. This minimum value was observed i n  3.2% of t h e  t o t a l  number of 
observations.  
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?uh!e  3 dedisn Value; of Z f o r  A 1 1  Observutlons - --- 
Sumner W inte,, 

~ f - c e r n o s n  673 7 06 
587 570 

Fu l l  Dny 637 - 622 - 623 

C:nervtitio!~s w d e  a t  00 h .  anu C3 h .  a r e  grouped together  and c l a s s i f i e ~  
a s  "night"observatioCs while those  done a t  12 h .  an& 15 h .  G W .  a r e  g1,ouped 
tofiethey and c l a s s i f i e d  a s  "afternoon" observations.  

The overal l .  median value of t h e  8759 observations m d e  throughout the  
period w a s  k3. This :is about 75:$ higher than t h e  value found by McWilliams 
s.nd 14~rgan f o r  t h e  e s r l l e r  period of observations.  The most l i k e l y  
explarintinn i r  thxt: durl.ni: t h e  in tervening twelve years  t h e r e  has  been a 
c.m!si:iern.lc cx te r s lon  cf t h e  town of Ge.hl r c ive rn  towards the  Observatory 60 
that tile ruiir.  r m d  from t h e  Observatorny t a  t h e  %own has becone a n  almost 
colnpieteLy " h u S l t - ~ p ' ~  urea .  In  f a c t  t h e  h i 3 . d  up has  now been exkended yafit 
pa he Observa5ory t o  t h e  south and oouth west.  Although t h e  new buildin(js 6 r e  
mai~~1.y .I^wei.li.n~ houfies t h e  smoke and products of combulrtion from t h e  domestic 
:'ires, must, e s p e c i a l l y  due t o  t h e i r  proximity, con t r ibu te  considertrbly t o  
the  nuc.Leus content of t h e  r u r a l  a i r .  

A t  Race head 5'Connor got  a  range of 2 from 120 - 12000 wi th  a mean for 
a 1 1  observations of 1.300. When comparing "medians" l i t  Valent ia  wi th  t h e  
"mesns" .by O'Connor anc? a number of o the r  inve r t iga to ra  it must be noted t h a t  
t h e  median value of Z i s  corlsiderably lower than  t,he corresponding mean value.  
Prom t h e  f'requer;cy d i s t r i b u t i o n  f o r  O'Connors observations given i n  Table l 
i t  i s  c l e a r  t ha t  tl?ough tht! mean value he got was 1300 t h e  median mlui! rrcruLd 
CCIW wi ih in  t h e  range 500 - 750 and probably between 600 and 650, 

To fc<: i . l i t . t~ te  the cov.parlson between t h e  V ~ l e n t i a  medians and t h e  mean 
values  at; reported einewhrre by o the r  i f iventigators  t h e  means were a160 
computed f'or a l l  t h e  Valentia  observations made a t  a t ime when no p r e c i p i t a t i o n  
hed occurred wi th in  fin hour of t h e  Z ooservations (see para.  7 below). The 
>corresponding means and medians a r e  shown i n  Table 4 .  

T h e  r a t i o  of t h e  mom .ral.ues t o  t h e  median values  1s remarkab1.y uniform 
f'w night  arid a f t e r n m n ,  ouwer ,  winter  and a l l  t h e  year ,  ranging from 1..'11 
t s  1.. 5 with an wera i1 .  val.ue of 1 .74 .  n u s  i t  may genera l ly  be eccept.ed 
t h a t  t h e  mean value  of Z f o r  a  a& of observationii may be about 74% higher 
than  t h e  corresponding med.ian value.  

Table 41 Coxwsponding Means anc? Medians of Z 
'dint sr 

APter - F u l l  
N i ~ n t  noon Day 

Means 1244 1.565 1.405 
----+ 

& d i a n s  1 729 889 815 
Mmna - 
Med ians 1.71 1.76 1.72 

.- 

~ummer 

After  - F u l l  
Night -- noon Day 

1253 1.316 1297 

'"7 76 9 747 

1.72 1.71 1 .72  - 

Year ---.- 
After - F u l l  

--- Night noon 

1249 1133 

723 820 

1.73 1.75 l . 7 4  - 



:A\ no prec..2,lltation a t  time of observctjon or  i n  previous hour 
( B )  :lo precip.itati .on a t  ti.me of observation bct  with p r e c i p i t a t i o n  

i n  t h e  previous. hour 
( c )  prec ip i tn t ion  a t  time of observation 
( C )  n l l  observations.  

Simmer 

t i g h t  After-  F u l l  
noon Day -- 

Wirit.er 

Ni.ght, After - 
noon noon 

--A- -- - - - - - . - 
! 

-- 

NE 
2: 
SE 
s 
SW 
W 
NW 
N 
Calm 

- - 

NE 
E 
SF1 
S 
SW 
W 
Wd 
N 
C a l m  

111 Wind 

N E 
E 
SE 
S 
3W 
V 
NW 
N 
Celm 

$1.1 Wlnd 

NE 
E 
SE 
5 
SW 
w 
NW 
N 
Cn. 113 

i l l  Wind. 



7. Effect  of P r e c i p i t a t i o n  on Nucleus Concentration - - 
In t h e i r  a n a l y s i s  of t h e  f i r s t  four  years  of Valent ia  ohservatioas 

Mcrlilli.ams and Morgan [i] found t h a t  p r e c i p i t a t i o n  a t  t h e  time of 
observation reduced t h e  value of Z by 40 - 5 6 .  Thjs f e a t u r e  is ccnfirrned 
during t h e  f u r t h e r  12 year per iod .  The d a t a  were again  divided intfi  t h r e e  
cat.agor i e s  

( a )  no p r e c i p i t a t i o n  a t  t ime of observation o r  i n  previous hour 

jb )  no p r e c i p i t a t i o n  a t  t ime of observation but with p r e c i p i t a t i o n  i n  
previous hour 

i c )  p r e c i p i t a t i o n  a t  t ime of observation 

Median values of Z f o r  af ternoon and night  observations i n  suinmer, 
winter  and f o r  t h e  f u l l  year a r e  given i n  Teb1.e 5 .  It i s  c l e a r  that. 
p r e c i p i t a t i o n  a t  t h o  t ime of obeervation reduces t h e  nucieus concentrat ion 
by 30 t o  40$. The "washing o u r '  process i s  common t o  a l l  wind, d i r e c t i o n s ,  
and i s  independent of t h e  time of observation o r  t h e  season. Table 6 
sha r s  t h e  percentage reduct ion  caused by p r e c i p i t a t i o n  f o r  each wind 
d i r e c t i o n  and f o r  calms. 

Table 6 Percentage Reduction i n  Z caused by P r e c i p i t a t i o n  -- 

The reduction i n  Z caused by prec j .p i ta t ion  wi th in  t h e  hour p r i o r  t o  t h e  
observation but  not a t  t h e  t ime of observation i s  a l s o  shown i n  Table 6.  In 
c a l n  condit ions and wi th  nor th  o r  nor th  e a s t  winds t h e  reduction i s  a c t u a l l y  
g r e a t e r  but  t h e  number of occasions of p r e c i p i t a t i o n  i n  past hour but  not a t  
t h e  time was r e l a t i v e l y  s m l i  i n  t h e s e  circumstances. The re levant  medians 
a r e  not t h e r e f o r e  s o  r e l i a b l e .  For t h e  remaining wind d i r e c t i o n s  it would 
appear t h a t  recovery from t h e  "washing out" process has begun but  even an  
hour a r t e r  t h e  occurrence of p r e c i p i t a t i o n  t h e  value  of Z i s  considerably 
depressed. 

O'connor, Sharkey and Flanegan [ $ ]  found a t  Mace Head t h a t  " the  lOweSt 
concentra t ions  occurrea with south west winds under condi t ions  of prolonged 
w ~ t b r e a k s  of r a i n  o r  d r i z z l e .  P r e c i p i t a t i o n  was usua l ly  accompnied by 
some decrease i n  Z hut our r e s u l t s  were not s u f f i c i e n t  t o  i s o l a t e  i t s  e f f e c t  
from t h e  o the r  f a c t o r s " .  

A t  Huancayo, Peru where t h e  a i r  i s  much more po l lu ted  t h a n  a t  
Valent la  Torreson [6]  found a s i m i l a r  order  of uagnitude f o r  t h e  "icashing 
out" e f f e c t  of' r a i n .  In t h e  d ry  season when t h e r e  were only a few days Of 

r a i n  he got  a n  avernge value of nucleus concentra t ion  g r e a t e r  t h a n  20,OGO 
per  cm3 but  i n  t h e  w e t  Geason when t h e r e  was some r a i n  nea r ly  every day 
t h e  sverage nucleus concentra t ion  f e l l  t o  l e s s  t h a n  10,000 pe r  cud. 

It i s  c l e a r  t h e r e f o r e  t h a t  i n  any inves t iga t ion  i n t o  t h e  r e l a t i o n  
between atmospheric nucleus concentra t ion  and var ious  meteorologicel 
elements t h i s  "washing ou t "  process m a t  be borne i n  mj.nci. For t h i s  
reason t h e  f u r t h e r  a n a l y s i s  of Z values discussed below has been confined 
t o  observations i n  catagory A 1.e.  when t h e r e  was no p r e c i p i t a t i o n  a t  t h e  
t ime Of observation o r  i n  t h e  previous hour. 
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3 Variation of concentration of nuclei with wind direction during 
summer night - summer afternoon ------ 
winter  night---- wtnter afternoon - - - - - -  

8. Varia t ion  of Z v l t h  \!in6 Di rec t ion  ------ 
,The median va iues  f o r  each wind d i r e c t i o n  a s  given i n  Table 5 (A! a r e  

shown d i a g r a m t i c a l l y  i n  F ig .  3 .  ?'he p a t t e r n  i s  s i m l l a r  t o  t h a t  found i n  
t h e  e a r l i e r  i~?.vest . igat ion of McWilliams and Morgan [ l ]  . The h ighes t  
co3cen tmt lons  \-ere observed witn winds from NE - SE s e c t o r  both i n  summer 
and. winter .  

The highest  meGiun v6!-;:ie was asssc ia ted .  with NE winds i n  win te r .  
W i l d s  from t h i s  direct,ior! pass over t h e  town of Cahirciveen and even 
though t h e ~ e  i s  no g rea t  i n d u s t r i a l  source of p o l l u t i o n  t h e  smoke an11 grlme 
from domestic f i . re f i  could be expected t o  con t r ibu te  considerably t o  t h e  
nucleus content  of a i . r  from t h i s  s e c t o r .  However t h e  general. r e l a t i v e l y  
high va lues  observed. with winds from t h e  NE - E - SE s e c t o r  i n d i c a t e  t h a t  
some of' t h e  nuclei  have t k . r i r  o r i g i n  i n  t h o  i .ndustr ia1 cen t re s  t o  t h e  
e a s t  and poss ib ly ,  a s  Dines am3 Mulholl.and [ 7 ]  have suggested, from a s  f a r  
away a s  t h e  English %lack Country". The t r a n s p o r t  of combustion nuc le i  
over long d is tance6 was a i s o  suggested by Hess [8] who got an average f o r  
Z of 1.3'70 i n  t h e  wefitern ha l f  of t h e  A t l a n t h  and 675 i n  t h e  e a s t e r n  h a l f .  
!is a t t r i b u t e s  t h e  d i f f e rence  t o  t h e  genera l  c i r c u l a t i o n  of t h e  atmosphere 
from west t o  e a s t  tending t o  c a r r y  a  g r e a t  number of nuc le i  generated over 
Amer:!can cont inent  f a r  gut over the  At l an t i c .  



The iowesr. veiues of i?, were observed w i t h  v inds  i'rom the  SW - W - Nb( s e c t o r ,  
t h e r e  being no s i g n i f i c a n t  d i f f e r e n c e  between the  median value.. f o r  t h e m  
t h r e e  d i r e c t i o n s .  Winds from t h i s  s e c t o r  coxe almost d i r e c t l y  from t h e  
A t l a n t i c  and a r e  subjec t  t o  l i t t l e  o r  no m n - m d e  g o l l u t l m  !f we d i & c o u ~ . t  
t he  few m a t t e r e d  farm h m s e s  and t h e  small  v i l l a g e  of Knightstown on 
Valcnt,ia Ifiland. Wl.nds from t,he north and soukh show s l i g h t l y  h igher  valucs 
than  t h e  wes te r ly  s e c t o r  and a r e  probab1.y showing the  e f f e c t s  of 8. somewhat 
longer  journey over land.  

Fig. 4 Variation of conccntmtion of nuclei with wind direction for 
whole year, night - afternoon ------- 

A very  pronounced f e a t u r e  of t h e  observed v a r i a t i o n  i n  coricentratioa i s  
t h e  f a c t  t h a t  va lues  of Z i n  t h e  af te rnoon a r e  considerably higher  tiinn 
those  observed a t  n i g h t .  Fig.  4 shows t h e  af te rnoon and night  medians 
f o r  t h e  whole year .  The excess of t h e  af te rnoon value over t h e  nigbt  
va lue  i s  conunon t o  a l l .  wind d i r e c t i o n s  and i n  ca1.m condi t ions  t h e  aXer:~oon 
value  i o  6C,$ hi-&her than  t h e  nigh.l: va lue .  This  suggests  t h a t  &pa:% frocl 
t h e  nuc le i  c a r r i e d  i n  t h e  a i r  from ou t s ide  sources t h e r e  a r e  l o c a l  natural.  
sources of nuc le i  _orohably proiiuced hy t h e  actj.on of s u n l i g h t .  Increased 
e v a p o r ~ t i o n  of sea  spray duzing t h e  day could Se a f ac to r  i n  t h e  higher  
a f te rnoon value f o r  v e s t e r l y  winds. Moreover production of nuc le i  
e s p e c i a l l y  alonfi sea shores has been noted by m n y  j .nvestlgatcrs or?ci Altken 
as.soci&ted i:. ; r : t h  t.Yae e c t i o n  of' s u n l i g h t .  l'!lis could n i s o  be a f a c t o r  i n  
expla in ing  +-ne suuuner and winter  v a r i a t i o n  i n  nuc1e.x c o n t e n t  shown i n  Fig. 



Fig. 5 Variatwn o.f concentrotion o f  nuclei with wind direction 
during summer - and wlnter ---.---- 

The s u m e r  medians a r e  h iaher  than  t h e  winter  medians f o r  a l l  wind 
d i r e c t i o n s  except IiE urd E .  Since these  a r e  t h e  direct ionfi  from which 
smoke and conbuutioo p r d u c i s  vould be expected i t  i s  not surpri!;ing t h a t  
such man made nucie i  c a r r i e d  i n  t h e  wind probably from considerable 
d i s t ances  eastward should upset t h e  n o r m 1  ~ummer-winter r e l a t i o n s h i p .  

9. A n n u l  Var ia t ion  -- 
The ?nec?Lan vhlues for each month or' t h e  year  f o r  a l l  abservations 

( d r y  condi t ions)  a r e  given i n  Table 7 and p l o t t e d  on Fig .  6 .  

Tab1.e 7. Monthly Medians of Z -- 

I February 

w 
June 

J u l y  

August 

September 

Oct c%ber 

November 

I December 

A l l  Winds 

Night Afternoon Fu l l  Day 

757 9% 841 
601 853 714 

82 1 77C 781. 

82 5 707 756 

692 '79 L 736 
808 804 807 

805 838 831 

707 661 697 

649 77$ 71.2 
668 832 76 5 

834 1087 956 

729 958 839 

Sea Winds 

Night Afternoon F u l l  Day 

3 97 555 521 

369 48 1 414 

437 534 497 

547 601 581 

453 677 569 
672 743 706 

609 793 700 
552 635 61.9 

5 03 623 555 
544 770 649 
404 565 48 1 

424 - 508 458 ---- 



r u - ~ - r _ r r - d ~  
Jan Mar May July Sept Nov 

w. 6 A n d  rariatian of na~clous concentration, all winds --- and 
perantoge frequency of winds from easterly sector ---.------ 

From Fig .  6 .  t h e  only p a t t e r n  t h a t  seems t o  emerge i s  t h e  f a c t  t h a t  t h e  
highest  values a r e  observed i n  January and November. This would appear t o  
contradic t  what has been sa id  in  para.  8 above regarding t h e  excess i n  summer 
over winter .  The apparent r.ontratiiction is  due t o  t h e  incidence of t h e  
contaminated winds from t h e  e a s t e r l y  sec to r .  The percentage frequency of 
winds from t h e  eaa te re ly  sec to r  ( inc luding calms, which a r e  character ised  
by man m d e  p o l l u t i o n ) ,  f o r  each month of t h e  year, a r e  a l s o  p l o t t e d  on 
Fig.  6. It is c l e a r  t h a t  t h e  incidence of t h e s e  pol lu ted  winds have a 
dominating influence on t h e  median value of Z. 

The monthly medians f o r  "sea winds" only a r e  a l s o  gj.ven in Table 7 and 
p l o t t e d  on Fig. 7. 

The annual v a r i a t i o n  i'or t h e  "sea winds" shows a d e f i n i t e  p a t t e r n  
roughly fol lowing t h e  sun ' s  march. The annual v a r i a t i o n  i n  t h e  g lobal  s o l a r  
r a d i a t i o n  i s  a l s o  p l o t t e d  on Fig. 7. There i s  a s ign i f i can t  s i m i l a r i t y  
between t h e  t r e n d  of t h e  g lobal  r a d i a t i o n  and nucleus content but +,he 
occurrence of msximum Z two months l a t e r  than t h e  maximum global  r a d i a t i o n  
and t h e  peak i n  t h e  Z curve i n  October ind ica te  t h a t  t h e  nucleus count i s  a 
funct ion of a number of va r iab les .  



I 1 1 1 I I I I 
July Jon Mar May S.P~ Nov 

Fig. 7 Annual wriat'm of nucleus conant ra t ion ,  sea  winds and 
annual variation of  global solar radiation----------- 

10. Variation of Z with Wind Speed 

The data were grouped together i n  ranges of wind speed and the  medicma 
f o r  each speed range a r e  given i n  Table 8 and shown graphically On Fig .  8. 

Table 8 Medians of Z f o r  Ranges of Wind Speed 

a1 winds 
Sea winds 

400 

Calm 1-3 k t s .  4-6 k t s ,  7-10 k t s .  11-16 k t e .  >16 k t s .  

1200 1175 852 783 
1200 897 710 610 527 

- 

- - 

672 550 1 
496 

Tho trend i s  the  same f o r  both night and afternoon observations and. i n  
both seasons so  cnly the  medians fo r  e l l  observntions a r e  shown. 

O o  
I 1 I I 2 

s X) n X, 2s knots 
Fig. 8. %riotion of concentration of nuclei with wind 9 . d  

All winds - Sea winds ------- 



The decrease with wind speed i s  q u i t e  well  mu'ked both with nil .  winds a n  
when t h e  sea w i n d s  a r e  considered separa te ly .  This  confLrms t h e  f indings  
of McWilliams and Morgan i n  t h e i r  ear l i .e r  i n v e s t i g a t i o ~ l  [I] and i s  f.n 
agreement with t h e  Findings of Landsberg [lo]. Increased v e r t i c a l  
t r a n s p o r t a t i o n  due t o  increased turbulence and mixing, a s  suggested by 
Landsberg, i s  undoubtedly a f a c t o r .  

'dith sen winds only t h e r e  i s  no s i g n i f i c a n t  d i f ference  i n  t h e  t r e n 6 ,  
t h e  decrease of Z wi-ch jncreasing wind speed i s  s t i l l  q u i t e  d e f i n i t ~ ,  thouqh 
t h e  r a t e  of decrease i s  s l i g h t l y  l e s s .  

Georgii  and Metnieks I l l ]  m d e  measurements of t h e  concentrat ion of 
y a l t  nuc le i  on Valentia Island about 3 km. t o  t h e  sonth west of t h e  
Observatory sl:te and found t h a t  t h e r e  was an  increase  i n  t h e  concentrat ion 
of t h e  sea  s a l t  nucle i  with wind speed and t h a t  t h e r e  was a n  inverse 
r e l a t i o n s h i p  between t h e  number of sea salt nucle i  and Aitken nuc le i .  It 
would appear t h e r e f o r e  t h a t  even a t  a s i t e  q u i t e  c lose  t o  t h e  sea a n i  rvrn  
with wlnds blowing f'rom t h e  sea,  t h e  sen sprng i s  nct  a majcr source of 
Aitken nuc le i .  

Davies and Waid [12] a l s o  found t h a t  over t he  Atlant lc Ocean when h i ~ h  
winds we?e encountered and spray was p l e n t i f u l  t h e r e  was s t i l l  no s igni f ic~. l :~ :  
change i n  t h e  nucleus content .  

11. Var ia t ion  of Z wi.th Rela t ive  Humidity 

Medians or' 2 f o r  a number of ranges of r e l a t i v e  humidity a r e  g ive r  113 

'Table 9 ant? p l u f l ~ d  in P i g .  9. 

-9 Medians of Z f o r  Ranges of I lelat ive Humidity 
I 

R .  8. 4 59 o r  l e s s  6 0 6 9  70-74 75-79 80-84 85-89 90-1GO I m- A l . 1  Winds ii---- 897 - 746 753 690 737 

sea Winds 1200 626 546 552 583 5 87 518 , 
z 

1600 ,- 

Fig. 9. h r i o t m n  of concmtmtion of  nuclei with relotive humidity 
All winds wind. ------- 



The t r end  f o r  a l l  winds and sea winds i s  s i m i l a r .  In  both cases t h e r e  
i s .  a  d e f i n i t e  increase  i n  Z when r e l a t i v e  humidity decreases beiow 75%. 
above t h i s  point  however t h e r e  appears t o  be l i t t l e  or no co- re la t ion  with 
~ . e l a t i v e  humidity. This  confirms r e s u l t s  found by McWilliams and Morgen 
[ l ]  and is i n  agreement with t h e  f ind ings  of most other  inves t iga to r s .  

Var ia t ion  of 2- with V i s i b l l i t y  -. -- - 

Medians of Z f o r  a  number of ranges of v i s i b i l i t y  expressed i n  
Kilometers a r e  given in Table 10 and show.1 graphica l ly  on Fig .  10. 

Fig.  l0. Variation of concentration of nuclei with visibility 

Table 10 Medians of Z f o r  ranges of V i s i b l l i t y  

The p a t t e r n  i s  s imiln? t o  t h a t  found by MclJilliams and Morgan [I.]  and 
cor?Sirms t h e  unexpected f e a t u r e  found by them t h a t  while Z decreases with 
increas ing v i s i b i l i t y  up t o  about 3G km. nbcve t h j s  range the  value of Z 
increases  wlth v i s i b i l i t y .  When sea winds only a r e  considered t h e  range 
of 2, i s  compressed but  t h e  genera l  p a t t e r n  is s i m i l a r  t o  t h a t  f o r  a l l  winds. 
Poor v i s i b i l i t y  i n  a s soc ia t ion  with h i sh  values of Z and an improvement i n  
v i s i b i l i t y  with decrease of Z have been found by Landsberg [ l o ]  and many 
o the r  inves t iga to r s  . A t  Valent i a  however b e s t  v i s i b i l i t i e s  a r e  a l s o  
as soc ia ted  with high values of Z even with sea winds. It i s  c l e a r  t h e r e f o r e  
t h a t  it is not t h e  concentrat ion of nucle i  t h a t  i s  t h e  main f a c t o r  i n  
determining v i s i b i l i t y  a t  Velentia  but r a t h e r  t h e  type  and s i z e  of t h e  
n u c l e i .  When winds from a l l  d i r e c t i o n s  a r e  considered Z i s  made up of 
combustion nucle i ,  smoke p a r t i c l e s  and sea s a l t  p a r t i c l e s  and t h e  r e s u l t a n t  
v i s i b i l i t y  w i 3 . 1  depend g r e a t l y  on t h e  value of t h e  r e l a t i v e  humidity. With 
sea winds t h e  e f fec t  of smoke p a r t i c l e s  may be neglected and 2, m y  be 
considered a s  a  combination of sea  s a l t  and combustion nuclei.. With winds 
from t h i s  s e c t o r  poor v i s i b i l i t y  a t  Valent ia  i s  genera l ly  a s soc ia ted  with 
high r e l a t i v e  humidity and the re fo re  wi th  t h e  growth of sea s a l t  nuc le i .  
Best v i s i b i L i t i e s  a t  Valentia  a r e  usual ly  experienced with po la r  a i r  from t h e  

Kilometers 

A l l  Winds 

Sea Winds 

0  -9 10 -16 17 -22 23 -29 30 -35 36 -42 

lo94 83 5 700 638 714 826 LO03 

616 533 546 499 558 673 ;L ' --- 

z 
1200 - 

C . 
-- .C__-----___ ---- 



nor th  we3t and a r e  usual ly  accompanied by low humiditj-. Y i th  low huuiai.ty even 
a high concent ra t ion  of s a l t  nucle i  would not a f f e c t  v i s i b i l . i t y  a s  according t o  
Owens [13] t h e  sea sa1.t nuc le i  become c r y s t a l l i n e  at. a ?mmid:t,y of about '70% 
and do not increase  i n  s i z e .  

It would appear the re fo re  t h a t  a s  Wright [ l b ]  has suggested t h e  v is ib i1 i t .y  
i n  a i r  f r e e  from smoke p o l l u t i o n  depends mn1n.i.y on t h e  number and s i z e  of t he  
sea sal t ,  nuc le i ,  t h e  s i z e ,  which i s  con t ro i l ed  by t h e  value of r e l a t i v e  
humidity, baing t h e  more lolportamt f a c t o r .  It v m l d  appear t h a t  even w i t h  
sea winds a t  Valent ia  a  consid-rable p r .oyor t~cn  s f  t h e  nucleus content, i!; ma:? 
up of combustion nuc le i .  These cr~uld  be produced by s:lips or d i f fused  by 
v inds  from land a re6s  and could be c a r r i e d  i.n t h e  clir over long d i s t ances  ju!;t 
In t h e  same way a s  it i s  gene ra l ly  accepted t h a t  sea s a l t  n u c l e i  may be 
t r anspor t ed  g r e a t  d i s t ances  in land.  

13. Variation o f  Z with Temperature - 
Medians of Z f o r  var ious  ranges of temperature a r e  given i n  Tab1.e 11 

b0t.t~ f o r  a l l  v inds  and f o r  sea winds. The v a r j a t i o n  of Z with temperature ii; 
skcv?  e r a p h i c a i l y  i n  F ig .  11. 

Table I T  Medians of Z f o r  Ranges of Temperature -- -- 

Fig. 11. Variation of Z with tcmpcrotciro 

Ail winds- Sea winds ------- 

Temp. OC I ~ l l  winds s e a  winds 

1 . 5  

1.6 - 3.9  

4 .0  - 6.7 
6.8 - 3.5 

9.6 - 12.3 

12.4 - 1 5 . 1  
15.2 - 1 7 9  

18.0 
L .- 

1525 848 

12 82 973 
1057 559 
691 454 

641 5  00 

679 587 
821 66 5 

- 1467 1358 
. -. -- 

z 
iaoo,- I I I 
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The p a t t e r n  i s  s i m i l a r  t o  t h a t  previously obtained by McWi'lliams and 
Morgan. It must however be t r e a t e d  with considerable reserve .  In t h e  case 
of a l l  winds temperatures below 7% a t  Valentia  a r e  genera l ly  associa ted  with 
winds from t h e  e a s t e r l y  s e c t o r  where combustion nuc le i  and smoke po l lu t ion  a r e  
expected. The high values of Z a r e  the re fo re  a t t r i b u t a b l e  more t o  wind 
d i r e c t i o n  t h a n  t o  low temperature. When sea  winds only a r e  considered t h e  
medians f o r  t e q e r a t u r e  below 4% a r e  based on s o  few observations t h a t  very 
l i t t l e  confidence can be placed i n  them. The medians f o r  t h e  higher ranges 
of temperature being based on a l a rge  number of observat.ions csn  be accepted 
with more confidence. These show t h a t  both  f o r  a l l  srinds and f o r  sea winds 
the re  i s  a tendency f o r  Z t o  increcse  with increas ing temperature. In t h e  
case of sea winds t h e  mechanism suggested by Melander [15]  m y  be operat ive,  
i . e .  increased evaporation a t  t h e  sea surface  due t o  t h e  higher a i r  temperature. 

14.  Var ia t ion  of Z with Cloud Amount 

The medians of Z f o r  ranges of cloud amount a r e  given i n  Table 12 and 
p lo t t ed  on Fig.  12.  

cloud 
Amount 
Oktas 

0 & 1  

2 & 3 

4 & 5  

6 & 7  

7+ & 8 -  

8 
.. 

Table 12 Medians of Z f o r  Ranges of Cloud Amount 

1 A l l  Winds Sea Winds 

After F u l l  
Night noon Da Y 

After  Fu1.i 
Night n ~ o n  Day 

1200 r I I 1 1 I 1 I 

- 
- 

4. 

- - .----= _--- -. . , 
400 

0 

- - 

- - 
- I 1 1 1 I 1 I 
0 2 4 6 8 okta 

Fig. 12. Warmtion of nucleus concentmtion with cloud mw~ont 
All winds ~ . a  wind.------- 



The v a r i a t i o n  i s  t h e  sane f o r  sea winds a s  it i s  when a i l  winds a r e  
included. In both cases t h e r e  i s  no s i g n i f i c a n t  r e l a t i o n  between % and 
cloud amount once t h e  sky becones about one q u a r t e r  covered with cloud. 
~ i g h  values  of % a r e  however associa ted  with occasions when t h e  sky is l e s s  
than  one quar t e r  covered. 

When a l l  winds a r e  considered t h e  as soc ia t ion  of high values of 2 w i t h  
l i t t l e  o r  no cloud i s  not su rp r i s ing .  Almost c l e a r  s k l e s  a r e  &eneraUy 
associa ted  w i t h  an t i cyc lon ic  condit ions when pol lu ted  a i r  From t h e  e a s t e r l y  
s e c t o r  is  t o  be expected. However t h i s  i s  not t h e  f u l l  explanation a s  t h e  
high values of Z i n  condit ions Of l i t t l e  cloud a r e  a l s o  found when sea winds 
only a r e  considered. The presence of another  f a c t o r  m y  be deduced from 
Fig.  13 which shows t h e  v a r i a t i o n  f o r  t h e  af ternoon and night  f o r  sea winds. 

0 
0 2 4 6 8 okta 

Fig. 13. Variation of nucleus concentration 
wtth cloud amount (sea wmds) 

Afternoon Night--------- 

It can now be seen t h a t  a t  night  t ime t h e  value of Z i s  not a f f e c t e d  by 
cloud amount. The high values of Z wi th  low cloud amount &re  the re fo re  
a s soc ia ted  only wi th  t h e  af ternoon observations.  These would a l s o  be t h e  
occasions of high temperature s o  t h e  suggest ion made i n  para.  13 above may 
apply here.  The e f f e c t  of increased u l t r a  v o i l e t  r a d t a t i o n  a s  suggested 
by Landsberg [ l o ]  may a l s o  be a cont r ibutory  cause. 

McWllliams and Morgan i n  t h e i r  e a r l i e r  inves t iga t ion  came t o  a similar 
c o n c l u s i o n  regarding t h e  r e l a t i o n  between 2 and Cloud amount al though i n  t h e i r  
case  t h e  decrease i n  Z with increased cloud cover continuted u n t i l  t h e  sky was 
about ha l f  covered. 

15.  Conclusion 

It i s  c l e a r  t h a t  even at  Valent ia  where t h e  a i r  is r e l a t i v e l y  f r e e  from 
p o l l u t i o n  t h e  nucleus conoentrat ion is a funct ion  of many d i f f e r e n t  v a r i a b l e s  
most of which a r e  interdependent. For a more p rec i se  determination of t h e  
v a r i a t i o n  of Z wi th  each va r i ab le  it w i l l  be necessary t o  regroup t h e  da ta  
wi th in  much narrower l i m i t s  aiming, i f  poss ib le ,  t o  reduce t h e  va r i ab les  t o  
one wi th in  each group. The problem then  i s  t o  ge t  s u f f i c i e n t  da ta  wi th in  each 
small group on which t o  base a conclusion. With t h e  continued accumulation of 



observations a t  Valentia t h i s  problem may soon be overcome. In the  meentimr. 
t.he chief r e su l t s  of the present analysis  generally confirm those previously 
found by McWilliams and Morgan and may be summarised a s  follows: 

(1) 4C4 of a l l  obseruatlons showed a concentration l e s s  than 500 per cm3 
an3 when sea winds o n l y  a r e  considered the frequency i n  t h i s  range 
increesed t o  51%. 

(2) Concentrntims were higher during afternoon t,han during the night.  

( 3 )  Precipi ta t ion a t  the  time of observations or i n  t he  previous hour 
reduced the  concentration by 30 - 4 6 .  

From measurements made when no prec ip i ta t ion  occurred a t  the time of 
observation or i n  t he  previous hour it was found tha t  

(1) Highest concentrations occurred w i t h  winds from the  eas te r ly  sector 
(NE - E - sE) where pol lut ion would be expected. There was no 
s ignif icant  var ia t ion  i n  concentration with winds from the  other 
d i r ec t  ions. 

(2) When a l l  wind direct ions  were considered the incidence of winds from 
the polluted sector  had a dominating influence i n  t he  annual var ia t ion.  
When only sea winds were considered the  annual var ia t ion  generally 
followed the  in tens i ty  of t he  global solar  radiat ion.  

(3 )  Concentrations were high with calms and decreased with increasing wind 
speed. 

(4 )  High concentrations were associated with lw humidity but otherwise 
there  was no s ignif icant  r e l a t i on  between these two variables.  

(5 )  Concentrations tended t o  increase with increasing a i r  temperature. 

( 6 )  High concentrations were associated with c lear  or almost c lear  skies  

( 7 )  The nucleus concentration was not a m j o r  fac tor  i n  determining 
v i s i b i l i t y .  
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