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THE CONCENTRATION OF ATMOSPHERIC CONDENSATION NUCLEI AT
VALENTTA OBSERVATORY

Sumary

Measurements of the concentration of condensation nuclel made twice dally
at Valentia Observatory over the tweive years 1655 - 1966 are analysed.
Concentrations are found to be generally higher in the afternoon than during
the night and higher in summer than in winter. Precipitetion at the time
of observation or in the previous hour reduces the concentration bty 30 -~ L40O%.
An analysis of the data obtained when there was no precipitation st the time
of observation or in the previocus hour shows that the concentratlon decreases
with increasing wind speed. Highest values are found with calms or winds
from the easterly sector where pollution by smoke and products of combustion
would he most expected, High concentrations are associated with low relative
humidity, with high temperature, and with clear or almost clear skies. The
annual variation for all wind directions is influenced by the incidence of
winds from the easterly sector, but for winds from the seaward sector the
annual varlation follows clcsely that of global solar radiation.
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Introduction

Measurements of the concentration of atmospheric condensation nuclel
were begun &t Valentia OQbservatory in 1950. The results obtained up to
December 1954 were analysed by MeWillisms and Morgan {1). This paper
discusses the results obtained during the period January 1955 tc December 1906.

Site of the Observations

The observatory, which is in the extreme SWw of Ireland, is sltuated on
the SE side of the narrow estuary of Valentis River which runs approximately
NE-SW (Fig.l). It is about 1 km. to the SW of the town of Cahirciveen.
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The population of Cehirciveen is approximately 1800 and apart from
domestic fires for coocking and heating there are no major sources of smoke
pollution. The rest of the area is very sparsely populated.

Measurements of the concentration of nuclel were made with a photoelectric
nucleus counter as described in [2].

The nucleus counter was installed in a hut (indicated in Fig. 2) in the
grounds of the Observatory. The instrument was connected with the outside
atmosphere by means of rubber tubing 12.5 mm. bore about 1 metre long
passing through the wall of the hut at a height of 1.73 metres above ground
level.

Observational Routine

Observations were made twice dally throughout the period, Up to 3lst.
March 1957 times of observation were 00 h. and 12 h. GMT. As from that
date upper air operations were scheduled for these times so the nucleus
counter observations had to be changed to 03h. and 15h. GMP. - At each
observation time four readings were made with the counter and the arithmetic
mean of the four counts taken as the number of nuclei, For convenience
the number of nuclei per cm3 so determined will be indicated by Z. Reference
to numbere of nuclel will in all cases refer to the number per em3.

Other metecrological elements observed at the same time were:

{a) Temperature and humidity as determined by the Assmann aspirated
Psychrometer exposed near the intake pipe of the nucleus counter

{b) Wind speed and direction as recorded by a Dines pressure tube anemometer,
with head at an effective height of 10 metres and situated about 3O metres
to the ESE of the nucleus counter hut.

Values of other meteorological elements were those observed at the
routine observations made at the same hour for synoptic purposes,

Use of Medians

As mentioned in [1] it was found that groups of moderately low values
of Z occurred with a relatively small number of very high values. In order
to avoid undue welght being given to these high valuea medians of Z are
used throughout this analysis, The relation between the medlans and the
mean values 1s discussed in para. 6 below. Values given for "Winter" and
"Summer'" refer to the groups of calendar months October to March and April
to September respectively.

Qrder of Magnitude of Z

Throughout the full period 8759 observations were made. Over LO% of
observations gave values of Z less than 500. The percentage frequency of
counts falling between different limite is shown in Table 1.

Table 1. Frequency Distribution of Ranges of Nucleus Concentration - All Observations

Less than 500 to 150 to 1000 to 1500 to More than
Concentration (Z) 500 750 1000 1500 3000 3000
Number of Obs. 3601 1333 839 1178 1159 649
$ of Total 41.1 15.2 3.6 13.4 13.2 7.5
% at Mace 750 - 1500
Eead [3] 38.6(22) 29.8(17) 14.0(3) 7.0(4) 10.5(6)

Figures in round brackets show number of observations.
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Results obtained by O'Connor [3] at a similar site on the West coast
of Ireland at Mace Head, Co. (jalway are shown in the bottom line of Table 1.
Although O'Connor's distribution is based on only 57 observatlions as compared
with the 8759 observations at Valentia the derived distributions are in very
good agreement especially for the range 0 - 500.

As will be seen below (para., 8) there is considerable pollution
carried in winds from the easterly sector. Omitting the occaslons when
the wind was NE, E, SE or calm the remaining wind directions may be classified
as "sea winds" transporting air which even if not always truly maritime will
generally have had sufficient track over the sea to assume maritime
characteristics. None of the winds reach the nucleus counter site directly
from the sea but apart from the southerly direction, and to & lesser degree
the northerly, the passage over land is generally relatively short. The
frequency distribution for these "sea winds" is given in Table 2.

Table 2 Frequency Distribution of Ranges of Nucleus Concentration.
Sea Winds Only

Less than 500 to 750 to 1000 to 1500 to More than
Concentration ( Z) 500 750 1000 1500 3000 3000
Number of Obs. 29Ty 939 523 640 502 216
4% of Total 51.3 16.2 9.0 11.0 8.7 3.7
% at Mace 750 - 1500
Head [3] 48.8(21) 34.9(15) 9.3(%) 2.3(1)  u.7(2)

; at 0.W.S. 500 - 1000 > 1000

Station (L] 48(13) 30{8) 22(6)

Figures in round brackets show number of observations.

There is a marked shift in distribution towards the lower ranges and 51%
of the observed values are less than 500.

O'Connor also found values for "maritime air" at Mace Head and these are
shown in the third line of Table 2.

Moore (4] analysed a series of 27 observations made on board an Ocean
Weather Ship in the North Atlantic and his results are reproduced in the last
line of Table 2. Even though the number of observations is relatively small
the distribution found both by O'Connor snd Moore are in satisfactory
agreement with the results at Valentia.

Of the values greater than 3000 68% occurred with calms or winds from the
NE - SE sector where smoke pollution would be expected. This ratio remains
almost constant when the values above 3000 are subdivided Into further ranges.
Thus in the range 3000 - S000 there were 383 occasions, 251 (664%) of which
occurred with winds from the easterly sector. In the range 5000 - 10000
there were 212 occasions, 14l (67%) of which occurred with easterly winds
and of the 54 observed values above 10000, 38 (T70%) occurred with winds
from this same sector. The highest value observed was 23070 which occurred
at midday in mid-January in a light variable wind {(Calm to 4 knots). The
upper air ascent showed that a steep inversion of temperature in the layer
near the surface during the previous night still persisted at midday. The
high concentration was obviously due to the local build-up of smoke particles
and combustion nuclei trapped beneath the inversilon.

The lowest concentration for which the counter is calibrated is 98 nuclei
per cm3. This minimum value was observed in 3.2% of the total number of
cbservations.
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Tuble 3 Medisn Values of Z for All Observations

Summer Winter Year

r .
Afzernoon 573 TO6 688
Night 587 570 578
Full Day 637 ga2 629

Crowrvations made at 00 h. and €3 h. are grouped together and classified
as "night’ cbservations while those done at 12 h. and 15 h. GMI. are grouped
together and clacsified as "afternocon" observeticns.

The overall median value of the 8759 observations made throughout the
period was H29, This is about 7%% higher than the value Tound by Mcwilliams
and Morgan for the earlier period of observations. The most 1lilkely
explanation is that during the intervening twelve years there has been a
consideranle extension of the town of Cehirciveen towards the (Qbservatory so
that the main road from Lhe Observabtory to the town has hecome an almost
completely "bullt-up” area. In fact the tuild up has now been extended past
the Observatory to the south and south west. Although the new bulldings sre
mainly dweiling houses the smoke and products of combustion from the domestic
Fflres, must, especially due to their proximity, contribute considerably to
the nucleus content of the rural air.

At Mace hHead J'Connor got a range of Z from 120 - 12000 with e mean for
all observations of 1300, When comparing "medians” at Velentla with the
"means” Ly O'Connor and & number of other investigetors i1t must be noted thsat
the medlan value of Z is considerably lower than the corresponding mean value,
From the frequency distribution for O'Connors cbservations given in Table 1L
1t i& clear that though the mean value he got was 1300 the median value would
ceme within the range 500 - 750 and probably between 600 and 650.

Comparison of Means and Mediane of Z.

To feclilitate the comparison between the Valentia wedlans and the mean
values as reported elsewhere by other inveatigators the means were also
computed for all the valentia observations made at a tim= when no precipitation
had occcurred within an hour of the Z observations {See para. 7 below). The
corresponding means and medians are shown in Table 4.

Table 4: Corresponding Means and Medilens of Z

Winter sSummer Year
After- Full After- Full After- Full
Night noon Day | Night noon Day  Night noon Day
Means 124k 1565 14051 1253 1315 1287 1249 1432 1343
Med ians TG 85869 815 727 769 LT 723 820 TTh
Me&ans
MedTans L.71 1,76 L.72] 1.72 1.7L 1.72 1.73 1.7 L1.7%

The ratic of the mean values to the median values 1s remarkably uniform
for night and afterncon, summer, winter and all the year, ranging from 1.7V
ts 1.7 with an overall value of 1.7T4. Thus it may generally be accepted
thet the mean value of Z for a set of observations way be about Th% higher
than the corresponding medisn value,
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Table 5 Median Values of Z for Different Wind Directions and for Calms
on occasions with:
{AY no precipiitation at time of cbservetion or in previcus hour
(B) no precipitation at time of observation but with precipitation
in the previous hour
(C) precipitation at time of observation
(D) all cbservations.
Sammer winter Year '
Night dfter- Full Night Afters Full Night After - Full
noon Day noon Day noon nhyl
NE Q7% 1613 1118 | 1isn 2020 1hsSh . 106y 1829 132y !
5 1007 1982 1161 1153 1585 1317 | 1107 1685 1L0{
SE 786 1333 1014 823 1242 979 78 1268 g0z |
. S 578 928 Til 526 756 650 | 555 By h8L |
= SW W37 527 493 350 502 413 1 398 510 !LSEi
N W k52 560 549 366 561 b2 ¢ 428 561 539 |
@ W 516 637 598 b26 430 476 L85 596 o6l
SN 638 1007 735 1 Alh Lhy 425 SK0 Tea o2 |
calm 1156 2937 1188 1121 1889 1319 1ik7 1923 1200
| ALl Winds 727 769 THT 729 889 815 723 820 T
L B ap—
: i
NE 700 925 700 653 1843 1060 , 653 128y 793
E 07T 129 1212 515 1155 841 - 515 1270 1127
SE L73 388 645 1077 686 767 1 749 T34 THO
S 400 519 L63 313 69 BhS 0 363 577 K50
a SW 343 470 381 306 b3k 359 1 309 463 370
~ W 378 L32 Lzs 342 378 359 | 360 417 383
v NW 304 537 396 3290 486 39, 313 493 364
A N 5308 Loh  LOh 270 299 277 ¢ 283 3332 295
calm hLk 863 608 546 6305 &6L | 594 4152 612
All Winds{ 379 502 453 330 510 K15 363 el 432
NE 57 1152 825 873 27 929 . 8=y 1395 902 !
E 670 170 TOkL 831 1155 Jh0 1 TY2 1011 831
SE 635 705 637 L5 9€6 797 672 856 722
.| s 323 591 392 331 563 420 | 328 567 407
2y gw 328 354 343 287 320 307 } 322 343 327
P 327 %3¢ 369 208 264 276 | 211 319 317
@ NW 415 YLt 385 250 311 276 | 339 330 338
&1 n 137 621 440 289 263 275 | 378 342 351
Calm 780 2088 816 478 1567 564 | 564 1828 40
|
AlL Windg 392 511 Lyl 3192 455 K2 o 392 435 432
|
NE 1073 1552 1134 1008 2038 1369 1035 1836  12k8
E g17 1352 1060 1083 1423 121y 1013 1390  1i6k
sE 668 1088 920 W9 1063 850 T22 107L 900
5 43 776 Shy 4oz 692 549 123 2N ST
o aw 375 468 420 321 433 358 349 k55 393
- W h22 546 506 349 430 387 376 509 451
¥ W iyt 502 L83 354 423 ho3 1409 461 439
g1« sy2 772 662 | 357 34k 350 | ATL 519 507
N calnm L1456 2088 1183 598 1923 1304 1116 1957 1900;
All Windsl 557 673 637 570 706 622 578 688 629
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Effect of Precipitation on Nucleus Concentration

In their analysis of the first four years of Valentia observations
McWdilliams and Morgan [1] found that precipitation at the time of
observation reduced the value of Z by kO - 50%. This feature is cenfirmed
during the further 12 year pericd. The data were again divided into three
catagories

(a) no precipitation at time of observation or in previous hour

{(b) no precipitation at time of observation but with precipitation in
previous hour

{c) preecipitation at time of observation

Median values of 7 for afternoon and night observaticns in summer,
winter and for the full yemr are given in Teble 5. It is clear that
precipitation at the time of observation reduces the nucleus concentration
by 30 to 40%. The "washing out” process is common to all wind directions,
and is independent of the time of observation or the season, Table 6
shows the percentage reduction caused by precipitation for each wind
direction and for calms,

Table 6 Percentage Reduction in Z caused by Precipitation

N NE L SE S oW W NW Calm}Average

Pptn. at Time | 43.7 31.9 3L.4 27.2 40.2 28.56 LL.1 40.1| 38.3| 36.2

Pptn. within 52.6 39.8 11.0 24.5 33.9 19.2 28.8 31.9] 2.0} 32.3
jpast hour but
not at time

The reduction in Z caused by precipitation within the hour prior to the
observation but not at the time of observation is also shown in Table 6. In
calm conditions and with north cr north east winds the reduction is actuelly
greater but the number of ocecasions of precipitation in past hour but not &t
the time was relatively smull in these circumstances. The relevant medians
are not therefore s0 reliable, For the remalning wind directions it would
appear that recovery from the "washing out"” process has begun but even an
hour after the occurrence of precipitation the value of Z is considerably
depressed.

O'connor, Sharkey and Filanegan [5] found at Mace Head that "the lowest
concentrations occurred with south west winds under conditions of prolonged
ocutbreaks of rain or drizzle. Precipitation was usually accompanied by
some decrease in 7 but our results were not sufficient to isclate its effect
from the other factors”.

At Huancayo, Peru where the air is much more polluted than at
valentia Torreson [6] found a similar order of magnitude for the "washing
out" effect of rain. In the dry season when there were only a few days of
rain he got an average value of nucleus concentration greater than 20,000
per cm” but in the wet ceason when there was some rain nearly every day
the average nucleus concentration fell to less than 10,000 per cm’.

It 1s cliear therefore that in any investigation into the relation
between atmospheric nucleus concentration and various meteorologicel
elements this "washing out"” process must be borne in mind. For this
reason the further analysis of Z values discussed below has been confined
to observations in catagory A i.e. when there was no precipitation at the
time of observation or in the previous hour.
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Variation of 7 with Wind Direction

The median values for each wind direction as given in Table 5 {(4) are
shown diagramatieally in Fig. 3.

The pattern is similar to that found in
the earlier investigation of McWilliams and Morgan [1]. The highest
concentrations were observed with winds from NE

- SE sector both in summer
and winter,

The highest median valuz was associated with NE winds in winter.
Winds Trom this direction pass over the town of Cahirciveen and even
though there is no zreat industrial source of polluticn the smoke and grime

frem domestic fires could be expected to contribute considerably to the
nucleus content of air from this sector.

Hovever the general relatively
high values observed with winds from the NE - E

- SE sector indicate that
some of the nueclei have their origin in the industriasl centres to the
east

and possibly, as Dines and Mulholland [71 heve suggested, from as far
away as the English "Black Country”. The transport of combustion nuclei
long distances was also suggested by Hess [8] who got an aversge for
1370 in the western half of the Atlantic and €75 in the esstern half.
Yo attributes the difference to the general circulation of the atmosphere

from west to east tending to carry a great number of nuclei generated over
American continent far out overthe Atlantic.

over
Z of



The iowest values of 7 were observed with winds {rom the 5W - W - NW sector,
there being no significant di{'ference between the median values for these
three directions. Winds from this sector come almost directly from the
Atlantic and are subject to little or no men-msde pollutlon if we discount
the few secattered farm houses and the small village of Enightstown on
Valentia Island. Winds from the nortbh and south show slightly higher valuces
than the westerly sector and are prcbably showlng the effects of a somewhat
longer journey over land.
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Fig. 4 Variation of concentration of nuclei with wind direction for
whole year, night afterncon ~-eveaw

A very pronounced feature of the observed variation in concentration is

the fact that values of 7 In the afternoon are considerably higher than

those cbserved at night. Fig. 4 shows the afterncon and night medians

fer the whole year., The excess of the afterncon value over the night

value is common to all wind directions and in calm conditions the afTternoon
value is 684 higher than the night value. This suggests that epart from

the nuclel carried in the air from outside sources there sre local natural
sources of nuclei probably produced by the action of sunlight. Increased
evaporation of sea spray duving the day could be a factor in the higher
afterncon value for westerly winds. Moreover producztion of nuclei
especially along sea shores has been noted by many investlgators and Altken {9)
assoclated it with the action of sunlight. This could also be a factor in
explalining the summer and winter variation in nucleus content shown in Fig. 5.

- TSt
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The summer medians sre higher than the winter medians for all winpd
directions except RE und E. 3ince these are the dlrections from which
smoke and combustion products would be expected it is not surprising that
such man made nuclei carried in the wind probably from considerable
distances eastward should upset the normal summer-winter relationship.

. Annual Variation

The median values for =ach month of the yvear for all observations
(dry conditicns) are given in Table 7 and plotted on Fig. 6.

Tabie 7. Monthly Medians of Z

All wWinds ' Sea Winds
Month Night  Afternoon Full Day Night  Afternoon  Full Day
January 157 986 841 397 555 521
February 601 853 Tk 369 481 L1k
March 821 770 781 437 534 Lo7
April 825 T07 756 547 601 581
May 692 791 736 453 677 569
June 808 80y 807 672 Th3 T06
July 805 838 831 609 793 T00
August 707 661 697 552 635 618
September 649 TTh T2 503 623 555
October 668 832 765 5hi 770 649
November B3y 1087 956 1 404 565 481
December s 958 839 L2 5083 4583
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From Fig. ©. the only pattern that seems to emerge is the fact that the
highest values are observed 1n January and November. This would appear to
contradict what has been said in para. 8 above regarding the excess in summer
over winter. The apparent contradiction is due to the incidence of the
contaminated winds from the easterly sector. The percentage frequency of
winds from the easterely sector (including calms, which are characterised
by man made pollution), for each month of the year, are also plotted on
Fig. 6. It is clear that the incidence of these polluted winds have a
dominat ing influence on the median value of 7.

The monthly medlans for "sea winds” only are also given in Table T and
plotted on Fig. 7.

The annual variation for the "sea winds" shows a definite pattern
roughly following the sun's march. The annual varletion in the global sclar
radistion 1s also plotted on Fig. 7. There 1s a significant similarity
between the trend of the global radiation and nucleus content but the
occurrence of maximum Z two months later than the maximum global radimtion
and the peak in the Z curve in QOctober indicate that the nucleus count is &
function of a number of wvariables,

W {requency
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Variation of Z with Wind Speed

The data were grouped together in ranges of wind speed and the medians
for each speed range are given in Table 8 and shown graphically on Fig. 8.

Table 8 Medians of Z for Ranges of Wind Speed

Calm 1-3 kts. L6 kts, 7-10 kts. 11-16 kts. »>16 kts.
All Winds 1200 1175 852 783 672 550
Sea Winds 1200 897 710 610 527 496

The trend is the same for both night and afternoon observations and in
both seasons so cinly the medians for sl]l observatlons are shown.

Z
I | | |

1200 -
—*
800 -
400 p- -

0 I i 1 1

0 3 0 -] 20

25 knots

Fig. 8. Variation of concentration of nuclei with wind speed

All winds

Sea winds
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The decrease with wind speed 1s quite well marked both with all winds and
when the sea winds are consider=d separately. This confirms the findings
of McWilliams and Morgan in their earlier investigation [1) and is in
agreement with the findings of Lsndsberg [10]. Increased vertical
transportation due to increased turbulence and mixing, as zuggested Ly
Tandsberg, is undoubtedly a factor.

With sea winds only there is no significant difference in the trend,
the decrease of 7, with Increasing wind speed 1s still quite definite, though
the rate of decrease is slightly less.

Georgii and Metnieks [11] made measurements of the concentratiocn of
5a8lt nuclei on valentia Island sbout 3 km. to the south west of the
{bservatory site and found that there was an increase in the concentration
of the sea salt nuclei with wind speed and that there was an inverse
relationship between the number of sea salt nuclei and Aitken muclel. it
would appear therefore that even at a site quite close to the sea and even
with winds blowing from the sea, the sea spray is nct 2 major source of
Aitken nuclel.

Davies and Waid [12] also found that over the Atlantic Ccean when high
winds were encountered and spray was plentiful there was still no significanw
change in the nucleus content.

1l. Variation of Z with Relative Humidity
Medians of Z for a number of ranges of relative humidity are given in
Table G and plotted in Fig. 9.
Teble 9 Medians of ¢ for Ranges of Relative Humidity .
R. H. % 59 or less 6069  10-Th  75-79  80-8u  B85-89  $0-1CO
All Winds 1586 857 T46 753 690 737 719
Sea Winds 1200 626 546 552 583 587 5168
Zz
1600
1200 -
800 1 =
- —
400 - —
0 l | 1 J
S0 80 0 80 90 100 %

Fig. 9. Variotion of concentration of nuclei with relotive humidity
All windg ————— S0 winds -—~-ec-==
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The trend for all winds and sea winds 1s similar, In both cases there
is . a definite increase in Z when relative humidity decreases below T75%.
above this point however there appears to be littie or no co-relation with
relative humidity, This confirms results found by McWilliams and Morgan
f1] and is in egreement with the findings of most other investigators.

Varlation of 7 with Visibility

Medians of Z for a number of ranges of visibility expressed in
Kilometers are given in Table 10 and shown graphically on Fig. 10.

Table 10 Medians of Z for ranges of Visibility

Kilometers 0-9 10-16 17-22 2329 30-35 36 -2 42
All Winds 1094 835 700 638 T4 826 1003
Sea Winds 616 533 5h6 499 558 673 Tyt
z
1200 T T T T
- -1
800 .
— -
400+ -
o) | i L |
0 0 20 30 40 50 km

Fig. 10. Variation of concentration of nucle! with visibility
All windg ——— Sea winds wee-ca-o

The pattern is similar to that found by MeWilliams and Morgan [1] and
confirms the unexpected feature found by thewm that while 4 decreases with
increasing visibility up to about 30 km. above this range the value of 2
increases with visibility. When sea winds only are considered the range
of Z is compressed but the general pattern i1s similar to that for all winds.
Poor visibility in association with high values of Z and an improvement in
visibility with decrease of Z have been found by Landsberg [10] and many
other investigators, At Valentis however best visibilities are alsc
associated with high values of Z even with sea winds. It is clear therefore
that it is not the concentration of nuclei that is the main factor in
determining visibility at Velentia but rather the type and size of the
nucleil. When winds from all directions are considered 2 is made up of
combustion nuclei, smoke particles and sea salt particles and the resultant
visibility will depend greatly on the value of the relative humidity. With
sea winds the effect of smoke particles may be neglected and Z may be
considered as a combination of sea salt and combustion nucleil. With winds
from this sector poor visibility at Valentis is genermlly associated with
high relative humidity and therefore with the growth of sea salt nuclei.

Best visibilities at Valentia are usually experienced with polar air from the
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north west and are usually accompanied by low auvmidity. With low humiaity even
a high concentration of salt nuclei would not affect visibility as according to
Owens [13] the sea salt nucleil become crystalline at a humidity of about T70%
and do not increase in size,

It would appear therefore that as Wright [14] has suggested the visibility
in air free from smoke pollution depends mainiy on the number and size of the
gea salt nuclei, the size, which 1s controlled by the value of relative
humidity, being the more Ilmportant factor. It would appear that even with
sea winds st vValentla a considerable proportion of the nucleus content 1s wmsie
up of combustion nuclei. These could be produced by ships or diffused by
winds from land aress and could be carried in the air over long distances Just
in the same way as 1t 1is generally accepted that sea salt nuclel may be
transported great distances IiInland.

Variation of Z with Temperature

Medlans of 7 for varicus ranges of temperature are given in Table 11
both for all winds and for sea winds. The varlation of Z with temperature 1=z
shown graphlcally in Filg. 11.

Table IT Medians of Z for Ranges of Teuwmperature

Temp. °C All Winds Sea Winds
1.5 1525 848
1.6 - 3.9 1282 973
4.0 - 6.7 1057 559
6.8 - 3.5 691 e
9.6 - 12.3 641 500
12y - 15.1 679 587
15.2 - 17.9 821 665
18.0 1467 1358
Y4
1600 T l T
1200 -
800 —
400 -
0 L } 1
0 5 10 15 20°%c

Fig. 1. Variation of Z with tempercture
All winds

S5¢a0 Winds cxewe~-
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The pattern is similer to that previously chtained by McWilliams and
Mergan. It must however be treated with considerable reserve. In the case
of all winds temperatures below 70C at Valentis are generally asssoclated with
winds from the easterly sector where combustion nuclei and smoke pollution are
expected, The high values of 7 are therefore attributable more to wind
direction than to low temperatures. When sea winds only are considered the
medians for temperature below LOC are based on so few observations that very
little confidence can be placed in them. The medians for the higher ranges
of temperature being based on a large number of observations can be accepted
with more confidence. These show that both for all winds and for sea winds
there is a tendency for Z to incresse with increasing temperature. In the
case of sea winds the mechanism suggested by Melander [15] may be operative,
i.e. increased evaporation at the sea surface due to the higher air temperature.

14, Variation of Z with Cloud Amount

The medlans of Z for ranges of cloud amount are given in Table 12 and
plotted on Fig. 12.

Table 12 Medians of 7 for Ranges of Cloud Amount

All Winds Ser Winds
Cloud
Amount After Full © After Full
Night noon Day Night noon Day
O & 1 1003 1370 1135 546 1075 802
2 & 3 707 881 150 457 660 567
Y & 5 665 271 769 532 735 616
6 & T 688 711 TG0 491 567 54T
T+ & 8- 637 768 122 472 612 558
.8 |8 T7sk o ABE | Lou 5A1 531 |
z
1200 I T I l I T T
800 \\\ \,——-—\-‘
~
— \\. m—— T e -
400 |- —
o | | 1 i 1 1 |
0 2 4 6 8 okta

Fig. 12. Variation of nucleus concentration with cloud emount
All winds Sea windg -ceaa-.
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The variation is the same for sea winds as it is when all winds are
included. In both cases there is no significant relation between Z and
eloud amount once the sky becomes about one quarter covered with cloud.
EFigh values of 7 are however assoclated with occasions when the sky 1s less
than one quarter covered,

when all winds are considered the association of high values of Z with
little or no cloud is not surprising. Almost clear skles are generally
associated with anticycloniec conditions when polluted air from the easterly
sector is to be expected. However this is not the full explanatiocn as the
high values of 7 in conditions cf little cloud are also found when sea winds
only are considered. The presence of another factor may be deduced from
Fig. 13 which shows the variation for the afternoon and night for sea winds.

y4
1200 T T T T T ] T
800 - —
400 |- ~
}w—- —
0 1 i 1 i | 1 i
0 2 4 6 8 okta

Fig. 13. Variation of nucleus concentration
with cloud amount (sea winds)

Afternoon Night ==caccaaa

It can now be seen that at night time the velue of 7 is not affected by
cloud amount. The high values of Z with low cloud amount are therefore
associated only with the afternocon ohbservations. These would also be the
oceasions of high tempersture so the suggestion made in para. 13 above may
apply here, The effect of 1lncreased ultra voilet radiation as suggested
by Landsberg [10] may also be a contributory cause.

MeWilliams and Morgsn in their earlier investigation came to a simlilar
conclusion regerding the relation between Z and Cloud amount although in their
case the decrease in Z with incressed cloud cover continuted until the sky was
about half covered,

Conclusion

It is clear that even at Valentia where the air is relatively free from
pollution the nucleus concentration is a function of many different variables
most of which are interdependemt. For a more precise determination of the
variation of Z with eaclh variable it will be necessary to regroup the data
within much narrower limits aiming, if possible, to reduce the variables to
one within each group. The precblem then 1s to get sufficient data within each
small group on which tc base a conclusicn, With the continued accumulation of
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observations at valentia thils problem may scon be overcome. In the meantime
the chief results of the present analysis generally confirm those previcusly
found by McWilllams and Morgan and mey be summarised as follows:

(1)

——
o
~—

——
i)
—

L% of a1l cvservations showed a concentration less than 500 per em3
and when sea winds only are considered the frequency in this range
incressed to 51%.

Concentrations were higher during afternoon than during the night.

Precipltation at the time of observations or in the previous hour
reduced the concentration by 30 - L0O4%.

From measurements made when no precipitation occurred at the time of

observation or in the previous hour it was found that

(1)

(2)

(3)

(1)

(5)
(6)
(7

Highest concentrations occurred with winds from the easterly sector
{NE - E - SE) where pollution would be expected. There was no
significant variation in concentration with winds from the other
directions.

When all wind directions were considered the incidence of winds from
the polluted sector had a dominating influence in the annual variation.

‘When only sea winds were considered the annusl variation generally

followed the intensity of the global solar radiation.

Concentrations were high with calms and decreased with increasing wind
speed.,

High concentrations were associated with low humidity but otherwise
there was no significant relation between these two variables.

Concentrations tended to increase with increasing sir temperature.
High concentrations were associated with elear or almost clear skies

The nucleus concentration was not a major factor in determining
visibility.
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