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SALT NUCLEI IN MARINE AIR AS A FUNCTION OF ALTITUDE 
AND WIND FORCE 

By A, H. Woodcock 

Woods Hole Oceanographic Institution ' 

(Manuscript received 24 February 195.5) 

ABSTRACT 

Large differences arc shown to occur in the numbers and sizes of sea-salt particles in marine air over 
the sea as the altitude, position, and the time of sampling are varied. Increases in the amount of air-borne 
salt near cloud base are related to increases in wind force at the sea surface. The greatest proportionate 
increase in particle number occurs at the large end of the weight range. Most of the sample!! reported here 
were taken near the Hawaiian Islands. The diiTerer.lss in nuclei number and size with increasing altitude 
in the lower atmosphere ate similar in pattern in Hawaii. Florida and South Australia. 

It is suggested that bursting air bubbles in "white caps" on the open sea are a major source of the salt 
nuclei, and that a greater portion of the sea surface may act .as a source of , .sc particles during average 
winds than might be judged from the relatively small area usually covered by white caps. 

1. Introduction 
Recent developments in the study of lain-forn.'ing 

mechanisms have indicated the importance of verv 
large condensation nuclei in the formation of ram by 
accretion [2;10]. Large sea-salt nuclei have been 
found at cloud levels in marine air over land, and their 
number and weight have been shown to agree in part 
with the assumption that each salt particle hecomes a 
raindrop [191. The purpose of the present paper is to 
indicate some of the great variations which occur in 
the number and size of large air-borne salt particles 
at cloud levels in marine air, as a contribution to the 
detailed study of the role of sc -salt in atmospheric 
processes. For example, knowledge of the details 
of these variations is essential to study the relation- 
ship of the salt particles in the clear air in the environ- 
ment of clouds to the precipitation elements within 
these clouds [14 ;19]. 

2. Methods 

The salt particles impinge upon and adhere to small 
glass slides which are exposed from aircraft. The slides 
are then 1aken to the laboratory where measurements 
ana counts are matte with a microscope of the sizes 
of individual particles at a relative humidity of 90 
per cent, the weight being computed from these size 
measurements using an isopiestic method [61. The 
values for salt-nuclei weight derived in this manner 
have been tested by direct titration of chlorides. 
Details concerning sampling methods have been 
published by Woodcock and Gifford [!7] and Wood- 

1 Contribution No. 643 of the Woods Hole Oceanographic 
Institution. Woods Holt, Mass. This study was supported by the 
Office of Naval Research, under Contract \onr-7y8(00) (N'R- 
085-00 O. 

cock [19], and no further discussion of them will be 
given here. 

3. Increasing wind force and increasing salt content 
of air 

Moore [12] and Founder [5] have measured an 
increase in the number and size of large salt particle 
in the air near the sea surface as the wind speed in- 
creases For cloud physics studies, however, it seems 
necessary to know the disti ibution of these particles 
at cloud heightr. 

Over the sea in Hawaii, salt-particle samples were 
taken at cloud levels on thirty-seven davs. On twenty- 
four of these days, most of the range of particle size 
present on the sampling slides was counted and meas- 
ured. The average size distributions of the particles 
in the air on these twenty-four days are given on 
fig. 1. (On the remaining days only the large nuclei 
were   measured.) 

The distribution curves on fig. 1 show that greater 
wind force in the Hawaiian area is associated with 
a rather consistent pattern c>f increase in numbers 
and sizes of particles near cloud base. It is expected 
that a computable pattern ot increase will probably 
be found ;n most marine atmospheres having a similar 
fetch, and which also have a similar water-vapor, 
temperature and velocity distribution throughout 
the previous several days of movement of the a... 

The differences between the values obtained at a 
given wind force in Hawaii, Australia and Florida, 
are attributed primarily to differences in the history 
of the air preceding its arrival at the time and place 
of sampling, and to errors inherent in estimations of 
wind force.   Note or. fig.  6 that the observed force 
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3-4 winds arc associated with a salt distribution near 
cloud bnse (790 m) equal to the average found during a 
force 5 wind in Hawaii, as shown on fig. 1. Conversely, 
on fig. 7 note that the observed force 6 wind is as- 

sociated with a salt distribution curvv? near cloud 
base (640 m) which falls between the foice 3 and 5 
curves on fig. 1. A further discussion of sources of 
error in relating wind fr--..:; to salt particle distribution 

PARTICLE     RADIUS    AT   99%  RH  (/>) 

2.4 5.1 11.0 237 51.1 MO 

—i—i i ii i ii 1—i—i i i mi 1—i—ill' 

WIND   FORCE        NUMBER    OF 
SAMPLING    DAYS 

I 
4 
II 

WEIGHT   OF   SEA   SALT   i ARl IULES    (////GRAMS) 
FIG. I. Effects of vaiying wind force upon number and v .iuliv ••( large sea-salt particles near cloud base over sea in Hawaii area. 

Smoothed distribution curves for forces .<, -1, 5 and 7 bared > pon averaging of results obtained on days when these forces were observed 
(see legend). Curves for forces 1 and !2 based upon ousc./atious lor one day only. Three short transverse lines on each curve mark 
fust quartile, median and third <|uartile weight-distribution i.i.in.s, reading left to right. Distribution curves are cead as follows: 
in force 5 wind, theie are about Ul.UUO particles m~" lar<. :r than ;70^MK- Force 12 curve based upon measurements made in Florida 
within a tropical storm, and included here as indication nf pr '.liable maximum amount of airborne salt. 
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seems unnecessary at the present stage of the study. 
As indirectly indicated in fig. 1, a great, increase is 

observed in the total amount of sea salt in the air 
as wind force increases. This is shown by fig. 2, which 
gives values for all of the thirty-seven sampling days,2 

and aiso a few measurements obtained in hurricane 
force winds. Measurements made by Jacobs [7] at 
La Jolla, California, are also shown on fig. 2. The 
marked difference in the amounts of salt given by 
Jacobs and the author is probably due to the fact that 
Jacobs' samples were taken on the shore at La Jolla 
behind the surf line, whereas most of the samples 
reported here were taken near cloud base. 

Emphasis should be given to the fact that the indi- 
vidual values for total sea salt on fijj. 2 represent, in 
each case, averages obtained along flight paths 
thousands of meters in length, and that they cannot 
be regarded as representing the salt present in any 
small portion of the paths traversed. As an indication 
of the variability along flight paths of similar length, 
seven salt samples were taken on a 65-km horizontal 
run with constant course in the cloud layer, at an 
altitude  of   1220   m.   Each   sample  represented   an 
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FIG. 2. Variation in total amount of air-borne sea suit as wiad 

force varies. Most of sample? t.ikcn at cloud levels in Hawaii, 
June 19St to juiy 1952. Upper symbols represent data fnketi 
from Jacobs [7 j. His measurements were obtained near scr.ahore 
at Scripps institute, I.?. Jclla, Cilif. Dashed lines iire added as 
»id to note broad trend of observed values 

•A? previously noted, only the larger nuclei (>U't ij iOO jjjjgj 
were measured on some of the samphng days. To save time and 
effort, these data were not included in deriving the average curve:: 
on fig. 1. There is no indication that their inclusion would sig- 
nificantly modify these curves. The addition of the total salt 
values from these data to fig. I is useful, however, and is justified 
by the fact chat the laigci nuclei which were mca vd contain 
most of the salt (see mass distribution points or. fig. 1). 

averaging in 27CO in of air, with a 7200-m interval 
between them. Surface winds were force 3. These 
seven samples showed a variation in total weight of 
sea salt ol from 2X10~" to 4X10-9 g ttT*. If the sam- 
pling had been limited to shorter air paths, a greater 
variability would probably have been found. 

It is expected that further measurements, made 
during winds in excess of force 7, will reveal the 
presence at cloud levels of particles as large or larger 
than 10s vug. At the small end of the weight spectra 
the curves shown on fig. 1 are ended at about 4 j//tg 
because, on many of the sampling days, the smaller 
particles on the slides were not counted. 

The great increase in the number and size of sea-salt 
particles at cloud level, which is associated with higher 
winds, is thought to be due primarily to an increase 
in the number ol bubbles produced in "white caps" 
at the sea surface. In the laboratory, the bursting of 
air bubbles (estimated diameters 50 to 500^) at the 
surface of sea water is found to project small droplets 
of various sizes into the air. These droplets contain sea 
salt which    as a weight range comparable to that ob- 
served among particles found in the air over the sea. 
Other laboratory observations concerning this bubble- 
droplet mechanism have been made in distilled water 
by Stuhlman [16], and in sea water by Aliverti L1J 
and Facy [4]. As suggested by the above laboratory 
tests, the bubble patches which result from breaking 
w .ves at the sea surface are found by the authc. to be 
sources of  miniature  clouds  of droplets  which   are 
rapidly dispersed  by the wind   Similar observations 
o! bubbles as a source of nuclei have been made by 
Boyce [3] in the surf on ;: Carolina beach. As the foam 
patches on the open sea become more numerous and 
greater in extent  with   higher winds, a  larger pro- 
portion of the sea surface becomes a source area for 
p rticles.   Individual  foam  patches,  during  a  force 
5 wind, remain clearly visible fioni aircraft as turbid 
or cloudy areas for more than two minutes, indicating 
the presence cf bubble;- -jiowiy rising to the surface 
long after the occurrence of the obvious white can. 
Thus a larger proportion of the sea surface is probably 
a source of particles arising  from  bursting  bubbles 
than might be judged  from  the number of readily 
visible white caps. 

As a rc-r,;i!r oi the above preliminary observations, 
a further study is now being made of the role of 
hursHng bubbles in the formailnit of salt nuclei in the 
a;r overlying the sea. 

4, increasing altitude anri ueereasing salt 

:->ome indication <., the variai>ihi> of salt content 
with altitude and with wind force in Hawaii is shown 
on figs. 3. 4 and 5 !n both the suhcloud and cloud 
layers of air there is i i***«trrsl increase in me amount 
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of salt as the wind increases. At the highest sam- 
pling levels, in cloud-free dry air, the quantity of salt 
is very low and the variations in the amount present 
seem to be unrelated to surface wind. 

The most obvious feature of the distribution curves 
on figs. 3, 4 and 5 is the rapid decrease of salt with 
height. On the basis of these and other samples ^19], 
the lowei atmosphere in the trades can be divided 
roughly into three layers: the layer extending from 
about 50 m above the sea to cloud base, fhe laver 

from cloud base up to the trade-wind inversion where 
the clouds are usually stopped [13^, ancl tne air above 
the inversion. Ascent from one of these layers to the 
next always reveals a marked decrease in salt. This 
decrease also appears in samples taken in marine air 
in Florida and Australia (see figs. 6 and 7). The alti- 
tudes of the clouds and the temperature distributions 
are show;! by the insert graphs on each figure. 

The environment of cumulus clouds (which develop 
in the air represented by figs. 3 through 8) is, there- 

WEIGHT    OF   SEA   SALT   IN   PARTICLES,  ////grams 

5.1 11.0 
PARTICLE    RADIUS   AT   99% RH (//) 

23.7 

;. 3. Vertical distribution of salt particles over sea in Hawaii (21°30'N, 157°40'VV), 4 June 1951, 123C local time. 
Surface wind 00 (leg, force 3, Widely scattered cumulus clouds. See legend to fig. 1. 
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fore, cav: of rapid change in the numbers and sizes extend up into relative salt-free air. The number of 
of salt partic'ss. The clouds may draw much of their large salt particles found within these clouds at any 
air from the subcloud layer, while their tops commonly    given height will depend, in part, upon the relative 

WEIGHT   OF   SEA   SALT   IN   PARTICLES.  MMQioms 

5 1 11.0 
PARTICLE     RADIUS   AT   99% RH (//) 

5 1.1 

FIG. 4. Vertical distribution of sea-salt particles over sea in Hawaii (2l"30'N, 157°4G'W), 30 May 1 <>5 >, 1300 local time. Surface 
wind 80 deg, force 4 to 5. Height of scattered cumulus cloud bases varied from 640 to 760 m. Temperature at 2740 m, 12.8C. See leg- 
end to fig. 1. 
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proportions of cloud air which are ' entrained" as the which should be found within a cumulus cloud at 
Houd ascends [11 ;153- Thus it may prove to be various levels, on the basis of measurements of the 
difficult to assign very definite numbers to the nuclei     nuclei 3izes in the clear air near the cloud bast'. 

WEIGHT    OF   SEA    SALT   IN   PARTICLES, f/ti groms 

10' IO* 10s 

5.1 11.0 23.7 
PARTICLE     RADIUS   AT    99% RH {/.' ) 

FIG. 5. Vertical distribution of salt particles over sea (21°25'X, 157°40'W) on windward side of Oahti on 22 April 1952, 1140 iocal 
time. Surface wind 70 deg, force 5. See legend to fig. i. Observed points connected by dashed line (1190 m) represent particle distribu- 
tion on lee side of Oahu (see map), 1MK) local time, 22 April 1952. 
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At present, little is known about the relationship 
between the numbers of large salt particles in *he 
clear air and the numbers of the sparsely distributed 
large droplets within the clouds, though a beginning 
has been made in a recent study by Squires and Wood- 
rock of cumulus and strato-cumulus clouds in mari- 
time air ir, southern Australia j_ i **J• Many sirv.ilar 
observations are needed to enable us to relate the siz^ 
distribution  of   the   largest   cloud   droplets   in   the 

numerous cloud types to the size distribution of the 
salt nuclei in the clear air suirounding the cloud. 

Most of the studies of salt distribution (fig'i. 3-8) 
have been made in regions oi large scale divergence and 
sinking within the atmosphere. Samples taken in the 
same areas during periods of large scale convergence 
and ascent should reveal a very 'Sifferent graphical 
picture of iiie distribution, the salt aerosols in this 
case being carried to much higher levels. 

WEIGHT   OF   SEA   SALT   IN   PARTICLES , UU groms 

11 0 23.7 
PARTICLE     RADIUS   AT   99%RH(//) 

51.1 110 

FIG. 6. Average distribution of sea-salt particles in oceanic air >..ver sea east of Florida (see in .ert map), 8 and 14 Novembei 1°51. 
.Surface winds torce 3 to 4, 65 deg. Data from 1W m represent samples taken about 100 in Lclo-v local cumulus .-loucls, and data 
from 1370 m represent samples taken in clear air :n! mg clouds. See legend to fig. 1. 
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5. Modification of salt-pi rticle distribution by passage 
over islands 

On 22 April, 1952, samples were taken on the 
windward and leeward sides of the island of Oahu 
(see positions on insert map, fig. 5). The continuous 
lines on fig. 5 show the distribution ot particles on 
the windward side before the air arrived over the 
island, and the broken line shows the distribution 
just below cloud base after the air had passed over the 

island. No profound change has occurred It: the 
numbers of particles as a result of passage over about 
32 km of land and over a mountain range having an 
average altitude of about 600 m. It was observed 
that no rain was failing in the mountain areas at the 
time of the lee-sidc sampling. 

On the large island of Hawaii however, a very great 
decrease was found in the amount of salt near the 
bases of large cumulus clouds over land, when a com- 

WEIGHT   OF  SEA   SALT   IN  PARTICLES, f/f grams 

5.1 I 1.0 
PARTICLE     RADIUS   AT   99% RH (//) 

23.7 51.1 

FIG. 7. Vertical distribution of sea-salt particles over Southern Ocean, olT coast of S. Australia (J7"-10'S, IW'i'l'E), ') August 1952, 
1630 local time. Surface wind 300 deg, force 6. Height of scattered cumulus cloud bases varied from 305 m to 790 in during observa- 
tion period; tops Irom 1830 to 1980 in. Rain showers visible during flight. Temperature at 1980 in, 0.5 to 1.1C. See legend to fig. 1. 
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parison was made with the amount present near The curve representing salt particles over land is, 
cloud base over the windward sea (see comparative in this case, similar to ihose derived from samples 
distribution curves and sampling positions on fig. 8).     taken at the highest levels over the sea (ace figs. 3 

WEIGHT   OF   SEA   SALT    IN   PARTICLES,  fJU groms 

5.1 il.O 

PARTICLE'     RADIUS   AT    99% RH t.p) 

FIG. 8. Comparison of amounts of .sak at height of 157 in over sea on windward side of Hawaii, and tlial over laud on lee side of 
great mountain Mauna Kea hi altitude of 1370 in. Sampling positions shown by circled X marks on map. .Samples taken on 20 and 21 
March 1952, about 100 m below bases of local cumulus clouds, [sohyets on map taken from Leopold I 101. 
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and 4). The great decrease observed over the land 
area is tentatively attributed to rain-out of the large 
salt nuclei in the windward high-rainfall areas (see 
isohyetal lines on map), and perhaps in smal.cr part 
to descent of salt-free high level air in a "land-breeze" 
which, according to Leopold [9], occurs at night 
on the windward face of the great mountain Manna 
Kea. 

The presence of well developed cumulus clouds over 
land in air relatively free from large salt particles is 
of interest to those concerned with inducing rain by 
accretion processes. Initially, these clouds will most 
probably contain very few large droplets, as compared 
to clouds developed in the air flowing in from the sea 
on the windward shore (see relative particle sizes on 
scale at base of diagram, fig. 8). If it is assumed that 
the larger particles grow to raindrop size more rapidly 
|_8j, it is reasonable to suppose that clouds containing 
smaller salt particles will require more time to pro- 
duce rain natural!:,' £10} PIxpIoration of the fre- 
quency of occurrence of relatively salt-free and moist 
air in Hawaii and other regions may prove useful, lor 
the seeding of clouds formed in this air with larger water 
or salt particles, is more likely to reduce markedly the 
time required for them to produce rain. 

Acknowledgments.—The writer is indebted to Mr. 
W. A. Mordy of the Pineapple Research Institute, 
Experiment Station of the Hawaiian Sugar Planters' 
Association and the Territorh! Cattleman's Counci', 
for the opportunity to work in Hawaii, and to Di. E. 
(j. Bowen of the Commonwealth Scientific and In 
dustrial Research Organization, Sydney, for the 
opportunity to work in South Australia. The writer 
is also grateful to Dr. G. Walton Smith for the use of 
the facilities of the Marine Laboratory, University of 
Miami, Coral Gables, Florid,!. 

REFERENCES 

1. Aliverti,G.,amiG. Lovera, 1950:Suinucleiclecondensations 
do oriK'ne marittime. Cieofis. pum applic , 16, 133-1.15. 

2. Bowen, K. G., 1950: The formation of rain by coalescence. 
Austr. J. sci. Res., A, 3, 193  213. 

3. Boyce, S. G , 1951 : Source of atmospheric salts. Science, Hi, 
620-621. 

4. Faey, L.,  1951 : Eclatcment des lames minces et noyatix de 
condensation. J. sci. Afetettf., Paris, 3, 86-98. 

5. Fournicr,   O.  K.  M.,   1951: Sur les emhruns  marins.  Bull. 
Inst. Oceanogr. Monaco, 48, No. 995, 7 pp. 

(;. Glasstone,  S.,   1946:   Textbook  of physical  chemistry.   Van 
Nostrand Co., New York. 2nd ed., 1320 pp. 

7. Jacobs, VV. C, 1937: Preliminary report of a study of atmos- 
pheric chlorides. Mori. Wea. Rev., 65, 147-151. 

8. I.angmuir, I., 1948: The production of rain by chain reaction 
in   cumulus  clouds  at   temperatures  above  freezinp;.   J- 
Meteor., 5, 175- ',92. 

9. Leopold, L. B., 1949: The interaction of trade wind and sea 
breeze, Hawaii. J. Meteor., 6, 312 320. 

10. Ludlarn,  F.  H,   1051: The production of showers by   the 
coalescence of cloud droplets. Quart. J. r. meteor. .Soc, 77, 
402 417. 

11    Malkus, J. S., 1952: The slopes of cumulus clouds in relation 
to wind shear. Quart. J. r. meteor. Soc, 78, 531-542. 

12. Moore,  I). J.,   1952;  Measurements of condensation nuclei 
over  the  North  Atlantic   Quart.   J.   r.   meteor.   Soc.   78, 
596-602 

13. kiehl,  H., tt ol.,   1951:   The north-east trade of the Pacific 
Ocean. Quart. J. r. meteor. Soc, 77, 598-626. 

14. Squires, P., and A. H. Woodcock, 1953: Simultaneous obser- 
vations on sea-salt ..uclei and c'oud droplets. Manuscript 

15. Stommcl, H , 1947 : Kntrainmcnt of air into a cumtiias cloud. 
/. Meteor., 4, 91-94. 

16. Stuhlman, ()., Jr.,   1952:   The mechanics of effervescence. 
Physics, 2, 457-460. 

17. Woodcock, A. H„ and M. M. Gilford, 1949: Sampling atmos- 
pheric sea salt. ./. marine Res., 8, 177-197. 

\'d. Woodcock.  A.  H.,   i950: Sea salt in a  tropical storm.  J. 
Meteor., 7, 397-101. 

19. , 1952:   Atmospheric   salt   particles  and   raindrops.   J. 
Meteor., 9, 200-212. 



APRIL 1953 C O R R E S P O N D E N C E 1(5 

CORRESPONDENCE 

Remarks on ''Atmospheric salt particles 
and raindrops" 

BY JAMES E. MCDONALD 

Dtyi. of Physics, Iowa State College, Ames 

1 August and 10 October 19S2 

In a recent paper in the JOURNAL, Woodcock1 

reported the results of a series of measurements of 
salt-particle sizes at various altitudes above and 
distances from the sea. The sampling techniques 
employed v/ere successful in extending the range of 
collection upward to quite large particle sizes and 
in establishing that these large particles are carried 
up to cloud-base levels over ;...d near the sea. In the 
same paper, Woodcock presents arguments supporting 
his view that the larger salt particles grow to raindrop 
size by condensation plus coalescence with smaller 
drops. I feel that there are two features of the argu- 
ment which must be questioned. 

The first and principal question concerns Wood- 
cock's figs 6 and 7. It will be seen that fig. 6 constitutes 
the one check between the salt-particle hypothesis 
and independent raindrop data, and that this figure 
depends in turn  upon the content of fig.  7, which 
relates rainfall intensities to rain chlorinities. it seems 
to be implied that the hypothetical (solid) curves of 
fig. 6 were computed with use of chlorinities given by 
curve 1 of fig. 7, but the latter curve is by no means a 
close representation of the observational points plotted 
in fig. 7. Inasmuch as it seems improbable that curve 1 
could have been obtained by any curve-fitting tech- 
nique applied to the observed chlorinities of fig. 7, 
and is presumably not based upon any independent 
physical hypothesis (since none is mentioned), I am 
led to ask whether curve 1 was computed by starting 
with  some particular points of the solid curves of 
fig.  6  (such as those at the ordinate of  10* drops 
m~* sum-1, where the solid and dashed curves cross).'' 
If so, the pertinent test of Woodcock's hypothesis 
would be not the implied one of the agreement between 
solid andd    hed curves of fig. 6 but rather the degree 
of fit between curve 1 of fig. 7 and the therein plotted 
points. The strong discrepancy between curve 1 and 
rhe datum points weighs heavily against accepting 
the hypothesis as presented 

A second feature of'the argument which 1 find 
disturbing is the requirement that the accretional 
growth of the large salt particles involves coalescence 
with droplets of virtually zero salinity. Though there 
is, to be sure, present doubt as to whether sea-salt 

1 A. H. Woodcock, "Atmospheric salt particles and raindrops," 
.'". Meteor., 9, 200-212, 1952. 

particles do comprise the primal*/, source of condensa- 
tion nuclei, it seems inconsistent tc ?533ume that the 
very rare, large salt particles g. w re-'tdily while the 
far more numerous small salt pa .-cles do not, which is 
apparently implied by Woodcoc And if the intended 
implication is rather that the Mrcil particles, whose 
large numbers are so clearly rn.oam by Woodcock's 
extensive measurements, do grow to cloud-drop size 
but are still outnumbered by ctli^r non-saline drops, 
it is quite indispensable to an appraia.:' of the hypoth- 
esis to have some estimate of the total weight of salt 
which might be added by coalescence with smaller 
saline drops, in order to be sure that the latter do not 
raise the chlorinity to values inconsistent with the 
hypothesis. The reason given for not making such an 
estimate r.s that jne cannot be sure of the weights of 
salt particles comprising the nuclei in cloud drops., 
a view which seems incompatible with Mr. Woodcock's 
willingness to build a hypothesis upon just the upper 
end of the range of his own numerous salt-particle 
size meas.ireiT-ents 

Reply 

By A. H. WOODCOCK 

Woods Hole Qcea.tograbhic Instil '.ion, woods Hole, Mass. 

22 September and 'ii   >ctober 1952 

Prof. McDonald is quite rig t in his emphasis upon 
the critical importance of the si it-concentration values 
used (fig. 7) when computi \g the raindrop size 
distributions of Tig. 6 from the s !t-particle distribution 
(curve 1) of fig. 5. However, in the second paragraph 
of p. 205, it has been clearly stated hat the curves on 
fig. 7 "represent assumed distii .;.• ions of chlorides 
in rains of various intensities." Ir o her words, values 
of concentration were assumed •«! .oh, when applied 
to t!.e sait-particle distributions s,r- wn in fig. S, gave 
the computed drop distributions a'.own in fig. 6. The 
justification for this assumption is. that one is thereby 
able to construct a physically reai- liable hypothetical 
relationship between the observed ?.:t-particle weight 

ibutions at cloud I ' ' -.h-drop size distribu- 
tions. On the basis ol the results irising from this 
assumption, "it is suggested tha*" a family of curves 
similar to those in fig. 7 will eventuaiiy be found, each 
representing rain from an atmosphere containing a 
characteristic distribution of sca-vilt particles" (see 
p. 205). 

As noted on p. 206, "the scat .er of the observed 
points on fig. 7 is attributed to tir5;e variations in the 
salt content of the air and to the collection of other 
salt particles by accretion as the raindrops fall from 
r'oud to i-.iit'i." To test the hvDothesi= that caclv 
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large salt particle becomes a raindrop, it has been 
necessary in subsequent observations to develop new 
rain-sampling techniques, and to sample exclusively 
within orographic clouds. This has now been done, 
and the first tests of the hypothesis are being analyzed. 

Prof. McDonald's second point concerns the more 
numerous small sea-salt particles (weight < about 
100 nng) which are sar.ipled, and their possible effect 
upon the salt particle-raindrop hypothesis*. The 
•.lumber and total mass of these salt particles are not 
great enough to affect seriously the hypothesis, even 
if one assumes that all of them coalesce with the 
larger particles used ir. deriving the computed drop 
sizes shown in fig. 6. As shown in table 6, the number 
of droplets in trade-wind clouds is about !00 times 
greater than the number of salt particles sampled 
Theso numerous cloud droplets are presumed to be 
the major source of relatively non-saline water for the 
accretional growth of the droplets formed on the 
giant salt nuclei. The weights and the nature of the 
condensation nuclei on which these cloud droplets 
form are unknown to me. However, as stated on p. 
207, ". . . the quantity of salt present in the larger 
particles is sufficient within the range of the data 
presented here to account for all of the salt found in 
rain and cloud waters." The implication of this fact 
is that the numerous cloud droplets contain relatively 
very little sea salt. 

I 
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