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Observations suppo?ting the salt-nuclei hypothesis of raindrop formation(
by
L A. H. Woodcock and D, C, Blanchard
Woods Hole Oceanographic Institution

Woods Hole, Massachusetts

Abstract

Atmospheric chlorides in sea-salt nuclei and the chlorides
dissolved in shower rainwaters were recently measured in Hawaii. A com-
parison of these measurements reveals the remarkable fact that the weight

of chloride present in a certain number of nuclei in a cubic meter of

ARSI 55 alonan - e Vel 2 RS

clear air tends to be equal to the weight of chloride dissolved in an
equal number of raindrops in a cubic meter of rainy air. This result is

explained as an indication that the raindrops grow on the -1ilt nuclel in

Ceies ooty

some manner which prevents a marked change in the distribution of these
nuclel during the drop-growth process,
The data presented add new evidence in further supnort of the

salt-nuclei raindrop hypothesis previously proposed by the first author (11).

1. Woods Hole Oceanographic Institution. Work supported bv the Office
of Naval Research, under contract number Nonr-798(00) (NR-082-124).




1. Introduction

The earlier study of atmospheric salt particles at cloud levels
over Florida (Woodcock, 1952) showed that the number of the larger of
these particles per cubic meter of air was similar to the average number
of raindrops found during rain storms in other locations. This study
also showed that the chloride in these nuclei, assuming that each rain-
drop forms around a single salt nucleus, was sufficient to account for
the range of chloride concentrations usually observed in rains. This
similarity of the number of chloridé content of salt nuclei and the num-
ber of raindrops and the chloride content of rain waters led to the sug-
gestion that raindrops form on the large salt nuclei, It was suggested
that further studies should reveal a close relation between the salt in
the clear air and salt in the rain falling from clouds subsequently
formed in this air.

The purpose of this paper is to present the results of a first
test of the salt-particle raindrop hypothesis. This test was carried out

during 1952 in Hawaii, where the salt nuclei content of the trade winds

1s well known and where shower rains occur with great regularity from
orographic clouds over the mountains. These clouds form in the wind

stream as it flows over the islands, and are usually restricted in verti-

cal development to éhe lower atmosphere up to the trade-wind inversion
at about 2,000 meters.

Rain samples were taken within the clouds at postitons 1, 3, 4,
and 5 (see fig. 1) on the island of Hawail. Sampling of rain within the

clouds made it possible to avoid the difficult problems of evaporation of
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Figure 1

Isohyetal map of the island of Hawaii, with the
locations of the rain-sampling stations.
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raindrops and of the coalescence of drops with salt particles, which
exists in rains which are sampled far below cloud base (6). The sampling
positions were selected because positions 1 and L are within the bases of
the clouds near the area where many of the first shower rains reach the
ground, and because positions 3 and 5 are approximately downwind from 1
and 4 respectively and also within the clouds.

If the salt nuclei were growing to raindrop sizes in these
shower clouds, we supposed that the larger less numerous nuclei, which
are initially the larger of the cloud droplets (5), might become larger
raindrops and fall out of the clouds at the windward stations 1 and 4.
The remaining small and numerous drops, formed upon the smaller and more
numerous nuclei, would be expected to fall more slowly and to reach the
ground further downwind near postions 3 and 5. Thus it was anticipated
that the raindrop number and the rain water chlorinity at stations 1 and
I, might be found to be related to the number of the larger salt nuclei in
the air and that the rain at stations 3 and 5 might be similarly related
to the smaller nuclei in the air.

The observations presented below give rcasonably consistent
support to this anticipated pattern of interrelationship of salt nuclei

and rain.

2. Sampling rains and atmospheric salt in Hawaii

In this phase of our work in Hawaii the field problems were
first, to measure from aircraft the number and the weight of the salt
particles in the air stream before it arrived over the islands and

second, to measure on the mountainside the drop size distribution, the




-l -

salt content and intensities of the rains within the orographic clouds.

The filter-paper technique was used for measuring the sizes of

the raindrops. Fxposure of these filter papers was made at about the

same time that bulk rain-water gamples were taken for chloride analysis.

One-half square meter stainless steel funnels were used to obtain these

bulk-water samples, Adequate volumes of water for chloride analysis could

be taken with these funnels in from 10 to 300 seconds, the time depending !
upon the rain intensity. The filter-paper and funnel samples were taken }

only at times when the rain rate appeared to be constant. During the

sampling periods rain showers were not observed to be drifting in over

the land from the windward sea. Thus the samples were taken in orographic |

showers, with little rain falling to windward of stations 1 and 4. |
The results of the rain sampling at stations 1 and 4 are shown

on Table 1, and those at stations 3 and 5 on Table 2, In these tables

averages are made from data whicn is separately tabulated into "parts”

having similar rain intensities. The average raindrop distribution from

the different rain intensities shown on Table 1 were plotted cumulatively

as shown on the lower left part of figure 2. |
In the present study it is also necessary to know the liquid

water content and the rate of fall of the rain sampled with the filter

papers. These quantities were derived as illustrated on Table 4, where

rate of fall and liquid water content (columns 6 and 7) are determined

from the raindrop distributions found in the highest intensity rains at

stations 1 and 4 (see Table 1, part 4).

The chlorinities of the rains, which are given on Tables 1 and

2, were determined by the standard Mohr method, using a microburette and
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a one-hundredth normal silver nitrate solution.

Atmospheric salt particles were sampled in clear air at cloud
levels over the sea by exposing small glass glides from aircraft. The
methods used to sample atmospheric salt and those used to sample the
rains have been described previously (1) (10) (11), and will not be dis-
cussed further in this paper.

It proved to impracticable, during fhe 1952 field trip, to
obtain simultanecus observations of airborne salt and of rain. This
difficulty was eliminated because it nad been found, during many pre-
vious salt-sampling airplane flights, that a clear relationship existed
between the wind force and the quantity of salt nuclei in the air at
cloud levels, Figure 3 shows the averaged results from the salt nuclei
samples taken in Hawaii on twenty-three different days between June 1951
and July 1952, Differences in the distribution of mase of salt among
the nuclei on these days are shown cumulatively on figure 4. This figure
also shows that the smoothed curves on figure 3 are based upon from nine
to twenty-seven measured size-range categories.

Thus by using this salt-nuclei data and the average wind force
observations from U. S. Weather Bureau surface maps (see table 3), we
were able to make a quantitative estimate of the average weight of salt
as nuclei in the air during the interval of days when we sampled rain.
This average salt amount was compared to the average weight of salt in
the rain on these days.

3. Relating the salt in the nuclei to the salt in the rain at the windward
stations 1 and 4

As previously stated, the purpose of the present study is to test




Table 3

surface winds over the sea, during the days when rain
was sampled, as reported by ships and planes within
400 nautical miles of Hilo, Hawali. Taken from the
four daily U. S. Weather Bureau surface maps of the

North Pacific.

Date Nurber of observations Average
1952 reported wind force
April 28 14 4.9
April 29 5 3.6
May 1 11 3.3
May A4 8 3.8
May 5 ' L 3.8
May 6 9 3.8
av.=.;T;
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the idea that a close relationship exists between the weight of the larger
salt nuclei per cubic meter of clear air and the weight of salt dissolved
in the rain in a cubic meter of rainy air. Expressed differently the a-
bove idea would mean that the largest salt nuclei form the raindrops, and
that the individual drops which make up the first rains coming from a
shower cloud should contain the salt found in an equal number of the larg-
est salt nuclei.

The average numbers and sizes of raindrops for various rain in-
tensities at stations 1 and /4 are plotted cumulatively on figure 2 (see
curves, lower left), starting with the largest drops observed. On the
same figure the average distribution of number and weight of salt nuclei
is similarly presented at the lower right. This salt nuclei curve, taken
from the data shown on figure 3 is used because the observed average wind
force during the days when the rains samples were taken was very nearly
force L (see table 3),

Figure 2 and table 4 contain the information required to compute
the chloride concentration which should be observed in rains if each of
the larger salt particles has become a raindrop and if, in the process,
little change has occurred in their distribution in the air. For example:

3 -2

rains averaging 6328 mm” m~ sec_l intensity were made up of a definite
number of drops of each size range falling per square meter per second (see
table 4, columns 4 and 5). The approximate weight of sea salt in the nu-
cleus of each of these raindrops is taken from the force 4 cumulative salt
nuclei curve on figure 2, using the appropriate cumulative raindrop curve

to establish, in each case, this nucleus weight, These weights are shown

on table L, column 8. As an indication of the derivation of these weights,
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Figure 2

The lower part of this figure shows cumulative average number distribution
curves for salt nuelei and for drops in rains of various intensities. These
curves are used, as descrited in the text, to compute the average chlorin-

ity of the rain waters (fig. 52] and to compute the raindrop salinity values
vhich are given above
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Cumulative distribution curves for averaged salt nuclei number during winds
(taken from Woodcock, ref. 12)
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Drop
no.

786
282
163
L58
507
304
143

17

28

Table 4

Averaged rain data derived from
filter paper samples, table 1, part 4

3 L
Drop Drop
vol. fall

rate

Qe 1.17
. 065 2.06
.180 2.90
375 3.65
.T00 4.30
1.14  4.90
1.73  5.45
2.56  5.95
6.35

6.75

3.59
L.85

5 6 7 8
Drop Rain Rain Wt. sea
no. Rate water salt in
falling mm in air each drop
unit =
mm? m sec m2sec™t mect mrnm~3 10‘12g
220 13 11.1 420
581 38 18.3 485
473 85 29.4 530
1670 628 172 600
2180 1523 354 830
1490 1700 347 1,350
780 1348 248 2,270
100 256 43 3,500
175 628 99 5,100
22 108 16 10,000

6328 1338

9
Total sea

salt falling
in drops

6

10" gm o “gee L
0.386
0.282
0.251
1.000
1.810
2.010
1.770
0.350
0.892

0,220
8.971
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note on salt curve B (fig. 2) that salt particles weighing LZOI,a.rgms.,
occur at the cumulative number 2150, which corresponds to the same num-
ber of 0.3 mm drops on raindrop curve number 4. Thus h20p—’4,g;ns. is en-
tered on table L, column 8, as the weight of sea salt to be found in a
0.3 mm raindrop and in rains of the indicated average intensity., Column
9 gives the product of these nucleus weights and the numbers of raindrops
(column 5). The computed salinity of the rain (Sc) is now simply the
ratio of the total weight of sea salt falling, to the total amount of

water falling.

g - Ms _ (1)

where S, = computed sea-salt concentration of rain (Mg 1_1)

Ms = sea salt falling G sec-l (Mg)

W=1liquid water falling n2 sec™t (liters)

For the high-intensity rains averaged on table 4, the amounts of sea salt
3 -2

- -1 - =
and water falling are 8.97 pem 2 sec  and 6328 mm” m ° sec 1 respectively.

The ratio of these quantities, with the units adjusted, yields a computed

sea-salt concentration of 1.42 mg 1—1, or a chloride concentration 0.8

mg l-l.
The above computed value for the average chloride concentration,

plus other concentrations similarly computed from the averaged data concern-

*
ing rains of lower intensity (see table 1) are plotted on figure 5. This

These computed chloride concentrations for the rains of other intensities
were derived in the manner shown on table 4, but are not tabulated here in
order to save space and to avoid unnecessary repetetion.
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Averaged cumwlative percent weight distribution curves
for salt nuclei present in the atmosphere in Hawaii
under varying wind conditions (forces 1 through 7.
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Figure 5

Observed and computed chlorinities of rains related to rain intensity.
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also shows the observed average chlorinities of the rains at stations 1
and 4. These observed chloride concentrations are remarkably similar to
the computed concentrations, and this similarity is regarded as suggest-

ing that each large salt particle has formed 5 raindrop.

Relating the salt nuclei to the salinity of the rains at the leeward sta-
tions 3 and 5

As previously suggested on pages 2 and 3, the rains falling at
the leeward stations 3 and 5 were found to be made up of great numbers of
small drops containing relatively little chloride (see table 2). This
character of these leeward rains tends to support the idea that they are
composed of drops which have formed on the very numerous salt nuclei found
among those particles weighing from about 5 to 20xx gms. The average
chloride in these rains (see table 6, column F) equals 6.2 pe}cent of the
total chlorides found during force 4 winds (total = l;.?xlO'6 gns m=3), On
figure 4 it can be seen that about 7.5 percent of the chlorides in the air
are between 4,5 and 20/« grams in weight, and in figure 3 the salt nuclei
curve for force 4 winds shows that there are about, l.hxlO5 particles pre-
sent in this weight range., Thus the chloride content and the numbers of
the small salt nuclei are quite adequate to account for the chloride con-
tent and the numbers of the raindrops in the leeward rains.

Due to the nature of the techniques uged to measure these small
raindrops and small nuclei, it is not possible, with the present data, to
relate the raindrops to the nuclei more precisely. Such precision could
be obtained in future measurements by dividing the smaller raindrop and
salt nuclei number distributions during the measuring process into greater
numbers of size-range categories. Note on table 2 that the greatest num-

bers of the raindrops at stations 3 and 5 are in the first size category,
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while figure 4 shows that all of the appropriate salt nuclei fall within
a single measured size-range category.

Most of the raindrops sampled at stations 3 and 5 are so small

that due to evaporation it is very unlikely that they would survive a fall

through many hundreds of meters of clear air. This probably explains why

these small drops have not been reported in such great numbers by other

obgervers.

Computed raindrop salinity compared to observed salinity

During the spring of 1954, Turner (9) measured the salinity of

individual raindrop size ranges in Hawaii. For obtaining rain waters fram

different drop size-range categories, he used a simple modification of the

raindrop spectrograph which has been described by Bowen and Davidson (3).

Turner determined the sodium chloride content of drops in many rain samples

at cloud base near station 4, and it is useful here to compare his inter-

esting observations to the raindrop salinities computed from our raindrop

size distributions obtained at the same location. For this purpose his

sodium chloride concentration values were converted to total sea-salt con-

centration by multiplying by 1. 2, the approximate ratio of total salts
in the sea to the sodium chloride present.

On figure 2 (top) his average raindrop salinity values for 39
samples are compared to similar values computed from the average rain and
salt nuclei data (lower curves on figure 2) used in the present paper.
The method used tc derive these latter raindrop salinities is given in
equation (1) and is applied, for example, as follows. A nucleus, having
a mass of approximately 2,100]»rugms., corresponds in cumulative number
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per cubic meter of air, to the number of 0.9 mm diameter raindrops shown
on one of the raindrop distribution curves (see arrow marks near lower
curves on fig. 2). The ratio of this nucleus mass (2.1x10’6mg) to the
volume of a 0.9 mm raindrop (.3751:10'6 liters), equals a concentration
of 5.6 mg 1-1, This drop salinity is indicated by the arrow mark beside
the second raindrop salinity curve at the top of figure 2. The other
computed values for raindrop sélinity were similarly derived.

1t is interesting that the form of Turner's average observed
raindrop salirity curve and those computed from our raindrop and salt
nuclei data is similar, despite the differences in the sampling times and
in the methods used to derive the chloride values. The similarity of the
actual average values of the drops to some of our computed values is per-
haps coincidental, but the occurrence of the pronounced salinity minimum
in both results is apparently a reflection of the average slopes and
relative values of the cumulative raindrop and salt nuclei curves. For i
instance, if the observed cumulative average raindrop distribution curve
represented by curve A (see figure 2, lower left) had actually followed
the adjacent dashed line, then the computed raindrop salinity minimum
would not have occurred at a drop diameter of 1.1 mm (see triangular sym-
bols, upper diagram, fig, 2). Instead a different salinity curve would
have occurred (see extended dashed line), with the salinity minimum fall-
ing at a drop diameter of about 2.5 mm. As an indication of the effects
of changing nuclei distribution, the assumption of a force 3 salt-nuclei
curve instead of the average force L curve (see curve A, fig. 2), simply
shifts the computed drop salinity curves down. The unbroken drop salin-

ity curve on figure 2 shows the dilution effects of the reduced nucleus
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sizes from the force 3 salt curve upon drop salt concentrations for the
highest intensity rains. Thus the form, and, of course, the slope of the
raindrop salinity curves is clearly dependent upon the relative slopes
and magnitudes of the cumulative raindrop and salt-nuclei curves. Note
that the use of a salt nuclei distribution curve represented by the dotted-
line modification of curve B, in computing raindrop salinity, removes the
salinity minimum from the drop salinity curve for the highest intensity
rains (see dotted line at top of fig. 2).

Turner's raindrop salinity curve is based upon many hours of
sampling, during which time the rain intensity probably varied greatly.
Had he been able to collect his rain water during short periods of time
(i.e,, in about 100 seconds) and, in each case during rains of nearly con-
stant intensity, it is supposed that he would have obtained salinity curves
similar to ours. Thus Turner's values for the salinity of raindrops of
each size range, may represent an integrated quantity. Note for instance
on figure 2 that the salinity of the 0.9 mm diameter raindrops computed
from our curves may vary from 1.6 to 28 mg 1’1, depending upon the rain
intensity in which they are sampled. The raindrop salinity values which
will be obtained during a prolonged sampling period in orographic rains
at station 4 would seem to depend, in part at least, upon the relative fre-
quency of occurrence of rains of different intensities. They will also
presumably depend upon the extent to which his samples were taken in the
first rains from the showers or in rains which were the winnowed remnants
of showers occurring to windward of the raindrop spectrograph sampling

position.

In future physical-chemical studies of rain, it would be very




-12 -

useful to combine raindrop spectrograph measurements of drop salinity,
with simultaneous determinations of raindrop size distribution and of

salt nucleus size distributions.

Discussion and conclusions

Clearly many more observations, such as those given on table 1
and 2, are needed in order to thoroughly test the consistancy of the pat-
tern of interrelationship of nuclei to raindrops which has evolved from
the present study. Data deficiencies are especially great among the higher
intensity rains (see table 1), and the lack of simultaniety of the rain
and salt-nuclei observations introduces a further element of uncertainty.
However, the authors feel that the data and ideas presented here, when con-
sidered as a whole, are sufficiently useful to justify publication at this

time.
Some of the above observational deficiencies were eliminated in

further measurements recently made (1954) in Hawaii in connection with
the co-operative cloud physics studies of "Project Shower", These num-
erous measurements, which will require much time to completely analyse,
will be presented in a later more complete study of this problem.

A rather obvious result of the present study is the emphasis
which is given to the importance of detailed knowledge of the salt nuclei
distribution in the clear air and the distribution of raindrop size and
raindrop salinity within the clouds. It is also important to know where,
in time, rain samples are taken in relation to the stage of development
of the showers. In the present study an effort was made to sample the
first and the last rains falling from showers moving up the mountain slope.
The authors feel that this detailed knowledge is essential to a further

understanding of the evolution of raindrops in the shower rains of marine

air masses. The techniques used here should also prove useful in exploring
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the role of sea-salt nuclei in the formation of raindrops in continental
rains.

It should be pointed out that in the analysis presented here.
the quantities of salt falling in the rains at stations 1 and 4 amount to
only about 20 to LO percent of the total salt in the air (see summary
table 5, column J). Since, of the remaining 60 to 80 percent of the atmos-
pheric salt, only about 6 percent falls at stations 3 and 5 (see summary
table 6, column G), it is supposed that the remaining salt rained-out in
the drops falling between these stations, as the rain showers were carried
by the winds up the mountain from the lower to the upper stations. In a
later publication (of "Project Shower" observations) the authors plan to
include an analysis of the effect of wind and wind shear upon the distri-
bution of raindrops at various locations on the mountainside.

In the Hawaiian shower rains, rapid changeé in intensity with
time are very common, as shown on tables 1 and 2, and by Blanchard (see
fig. 2, ref. 1), Most of this change is thought to be due to winds trans-
porting the showers over the sampling stations. For instance the average
clouds in the study were probably moving at about 7 meters per second up
the mountain slope. During a sixty second interval between rain samples
a shower-producing cloud could thus move almost one-half kilometer. The
showers are seldom large in diameter, and in aircraft a flight of one-
half kilometer is often sufficient to carry the observer from the misty
peripheral regions to the relatively intense r;ins of the center.

The interpretation of the measurements presented here, in terms

of the details of the raindrop-forming processes operating in these Hawaiian

rains, is uncertain. They seem. however, to be clearly useful in narrowing
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the areas of search for these "details". One can say from the present
measurements, that a drop-forming process seems to be required which will,
(a), involve most of the larger salt nuclei in a simultaneous growth, (b)
cauge this growth to occur, presumably very rapidly, in a manner which
prevents marked changes in the distribution of the nuclei (or drops),

and (c) add water to the nuclei without at the same time greatly adding
to their salt content.

In the present study the quantities of salt in the individual
large salt nuclei are adequate to account for all of the salt found in
the rains. This suggests that the drops have grown entirely by condensa-
tion processes, or through coalescence with relatively chloride-free
cloud droplets? If one assumes, for instance, that the 0.9 mm diameter
raindrops (which, on rain curve 2, fig. 2, are supposed to have formed on
2106 P gram salt nuclel) have grown through coalescence with 10 rbradius
cloud droplets, about 91,000 of these droplets would be required, Table
7 shows amounts of salt which would be added’ to the initial giant (2100rﬁu/
gram) nucleus due to coalescence with cloud droplets which have formed on
gea-salt nuclei of various sub-micron sizes. On this table it is evident
that the quantities of salt added through accretional growth might in some
instances equal or greatly exceed the weight of the giant nucleus upon
wnich the raindrop initially formed. The very small nuclei would, of
course, require rather large water vapor supersaturations in the clouds
to become activated.

Hawaiian clouds, which are not producing rain, have been found to
contain from 30 to 140 cloud droplets per cubic centimeter,




Weights of sea salt added to
escence with 10 and 20 p radivs cloud droplets cont
of various sub-micron sizes.

Table 7

a 0.9 mm diameter raindrop due to coal-
aining sea-salt nuclei

Cloud | Cloud droplet no. |Weight sea salt (10_é%s.) in 0.9 dia. raindrops
droplet | required to form (cloud droplet no. x nucleus wt.)
size 0.9 mm diameter
raindrop
(0.5p) | (0.2) | (0.1pr) | (0.05p) (0.024)
-12 - - - -
P 102, |10 |10 | 1078 | 20 e
10 91,000 91,000 9,100 910 91 9.1
20 11,400 11,400 1,140 114 11.4 1.1
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Junge's work (4) indicates that most of the numerous nuclei in
marine air which are less than about 0.8 P in radius (or< 5x10'12gms. ,
as shomn on fig. 2) are composed largely of ammonium sulfate, If Junge
is right and if these ammonium sulfate particles a;e the nuclei upon which
most of the cloud droplets form, little or no chloride would be added to
a raindrop, formed upon a giant sea-salt nucleus, which had grown by
coalsecence with these cloud droplets.

Thus one cannot say, from the results of this paper, that the
raindrops in Hawaii do or do not grow by accretion. If the nuclei smaller
than about 10'12 grams are sea salt, then accretion would seem to be
ruled out unless the nuclei are very small (see table 7). If they are
ammonium sulfate, as Junge indicates, then one should find appropriate
quantities of this compound in solution in the Hawaiian rain waters. Am-
monium sulfate is actually found in these waters (Junge), but we cannot
lnow to what extent the quantities present are appropriate to the assump-
tion of raindrop growth by accretion because the numbers and the masses
of the original nuclei are not yet known.

Thus we feel that one of the important steps in future physical-
chemical studies of raindrop formation in shower clouds is to determine
the chemical nature and number of the majority of the individual cloud-
droplet nuclei which are smaller than about 0.8 microns and to relate
these particles to the solutes found in the cloud and rain waters.

If the Hawaiian raindrops do in fact grow largely by accretion,
the authors feel that it becomes necessary to suppose, from the results
of the present study, that this growth occurs in turbulent volumes of air

which ascend within clouds much as do the "bubble" parcels pictured by
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Scorer and Ludlam (7). The conservation of the number of the larger nu-
clei per unit volume of air, which is required in the results given here,
seems to rule out the type of raindrop motion thro&gh the clouds which is

pictured by Bowen (2) as being associated with accretional growth.




10.

11.

12,

References

Blanchard, D. C. 1953: Raindrop size distribution in Hawaiian rains.
Jour. Meteor., 10, 457-473.

Bowen, E. G., 1950: The formation of rain by coalescence. Aust. Jour.
Sci. Res., A, 3, 193-213.

Bowen, E. G, and K. A. Davidson, 1951: A raindrop stectrograph. Quart,
J. R. Met. Soc. 77, 445-449.

Junge, C. E., 1954: The chemical composition of atmospheric aerosols,
I: Measurements at Round Hill field station, June-July 1953.
J. Meteor., 11, 323-333.

Keith, C. H., and A, B. Arons, 1954: The growth of sea-salt particles
by condensation of atmospheric water vapor. J. Meteor. 11, 173-184.
Miyake, Y., and Y. Suguira, 1950: The mechanism of the dissolation
of the atmospheric chloride into rain water. Pap. Metéor. Geophys.,
1, 222-226.

Scorer, R. S. and F. H, Ludlam, 1953: Bubble theory of penetrative
convection. Quart. J. R. Meteor. Soc., 79. 94-103.

Sugawara, K., Oana, S., and Kovama, T., 1949: Separation of the components
of atmospheric salt and their distribution. Bull. Chem. Soc.
Japan, 22, 47-52.

Turner, J. S., 1955: The salinity of rainfall as a function of drop
size. (To be published in the 9. J. Roy. Met. Soc.)

Woodcock, A. H., and M. M. Gifford, 1949: Sampling atmospheric sea-
salt nuclei over the ocean. Jour. Marine Research, VILI, 177-197.

Woodcock, A. H., 1952: Atmospheric salt particles and raindrops. J.
Meteor., 9, 200~-212,

Woodcock, A. H., 1954: Salt nuclei in marine air as a function of al-

titude and wind force. J. Meteor., 10, 362-371.




e

DISTRIBUTION LIST FOR UNCLASSIFIED TECHNICAL REPORTS
Contract Nonr-798(00)(NR-082-124)

page la

Addressees

Willow Run Research Center
University of Michigan
Willow Run Airport
Ypsilanti, Michigan
Attn: Shelia Coon. Librarian

Office of Naval Research

Geophysics Branch

Washington 25, D. C.
Attn: Code 416

Director
Naval Research Laboratory
Washington 25, D. C.
Attn: Tech. Information Officer

Office of Naval Research Branch Office
495 Summer Street
Boston 10, Massachusetts

Office of Technical Services
Department of Commerce
Washington 25, D. C.

Armed Services Technical Information
Center

Documents Service Center

Knott Building

Dayton 2, Ohio

Assistant Secretary of Defense for
Research and Development
Pentagon Building
Washington 25, D. C,
Attn: Committee on Geophysics
and Geography

Department of Aerology
U. S. Naval Post Graduate School
Monterey, California

Bureau of Aeronautics (Ma-5)
Aerology Branch

Navy Department

Washington 25, D. C.




DISTRIBUTION LIST (Cont'd.)

page 2a

Mechanics Division
Naval Research Division
Anacostia Station
Washington 20, D. C.
Attn: J. E. Dinger, Code 3820

Radio Division I

Naval Research Laboratory

Anacostia Station

Washington 20, D. C.
Attn: Code 3420

Meteorology Section

Navy Electronics Laboratory

San Diego 52, California
Attn: . L, J. Anderson

Library

Naval Ordnance Laboratory
White Oak

Silver Spring 19, Maryland

Bureau of Ships
Navy Department
Washington 25, D. C.
Attn: Code 327
(Technical Library)

Chief of Naval Operations

Navy Department

Washington 25, D. CD
Attn: Op-533

Division of Océanography
U.S. Hydrographic Institution
Washington 25, D, C.

Library

Naval Ordnance Test Station
Inyokern

China Lake, California

Project Arowa

U. S. Naval Air Station
Building R-48

Norfolk, Virginia

The Chief

Armed Forces Special Weapons Project
P. 0. Box 2610

Washington, D. C.




DISTRIBUTION LIST (Cont'd.)

page 3a

Office of the Chief Signal Officer
Engineering & Technical Service
Washington 25, D. C.

Attn: SIGGGM

Meteorological Branch
Evans Signal Laboratory
Belmar, New Jersey

Office of the Quartermaster General
2nd and T Sts.
Washington 25, D. C.
Attn: Environmental Protection
Section

Office of the Chief

Chemical Corps

Research and Fngineering Division
Research Branch

Army Chemical Center

Maryland

Commanding Officer
Air Force Cambridge Research Center
230 Albany Street
Cambridge, Massachusetts
Attn: ERHS-1

Headquarters
Air Weather Service
Andrews A. F, Base
Washington 20, D. C.
Attn: Director Scientific
Services

Commanding General
Air Material Cormand
Wright Field
Dayton, Ohio

Attn: MCREEO

Commanding General

Air Force Cambridge Research Center
230 Albany Street

Cambridge, Massachusetts

Commanding General
Air Research and Development Command
P, 0. Box 1395
Baltimore 3, Maryland
Attn: RDDG




DISTRIBUTION LIST (Cont'd,)

e 5 A AR 2 Al S e

page La

Department of Meteorology
Massachusetts Institute of Technology
Cambridge, Massachusetts

Department of Meteorology
University of Chicago
Chicago 37, Illinois

Institute for Advanced Study
Princeton.
New Jersey

Scrippﬁ Institute of Oceanography
La Jolla
Califcrnia

General Electric Research Laboratory
Scheneetady
New York

Attn: I. Langmuir

St. Louls University
3621 Olive Street
St. Louls 8, Missouri

Department of Meteorology

University of California at
Los Angeles

Los Angeles, California

Department of Engineering

University of California at
Los Angeles

Los Angeles, California

Stormy Weather Research Group
MacDonald Physics Laboratory
McGill University
Montreal 2, Quebec

Attn: Dr. Walter Hitschfeld

Department of Meteorology
Florida State University
Tallahassee, Florida

Woods Hole Oceanographic Institution
Woods Hole
Massachusetts

The Johns Hopkins University
Department of Civil Engineering
Baltimore, Maryland




DISTRIBUTION LIST (Cont'd.)

page 5a

The Johns Hopkins University
Department of Physics
Homewood Campus

Baltimore, Maryland

New Mexico Institute of Mining and
and Technology

Research & Development Division

Socorro, New Mexico

Geophysical Institute
University of Alaska
College, Alaska

Attn: C., T. Elvey

Blue Hill Meteorological Observatory
Harvard University
Milton 86, Massachusetts

Attn: C, Brooks

Department of Meteorology
New York University
New York 53, New York

Texas A & M Department of Oceanography
College Station
Texas

Rutgers University
College of Agriculture
Department of Meteorology
New Brunswick, New Jersey

National Advisory Committe of
Aeronautics

172, F Street. M. W,

Washington 25, D, C,

U. S. Weather Bureau
24th & M Sts., N, W,
Washington 25, D, C,
Attn: Scientific Services
' Division

Air Coordinating Committee
Subcommittee on Aviation Meteorology
Room 2D889-4

The Pentagon
Washington 25, D. C.




DISTRIBUTION LIST (Cont'd.)

page ba

American Meteorological Society
3 Joy Street
Boston 8, Massachusetts
Attn: The Txecutive Secretary

University of Pennsylvania
Department of Meteorology
Philadelphia, Pennsylvania

Director of Research
Munitalp Foundation, Inc.
36th Floor

570 Lexington Avenue

New York 22, New York

Illinois State Water Survey
Meteorologic Laboratory
University of Illinois
Urbana, Illinois

Attn: G, E, Stout




| Reproduced by
~ DOCUMENT SERVICE CENTER
KNOTTBUILDING, DAYTON, 2, OHIO

J

Because of our limited supply, you are requested to
RETURN THIS COPY WHEN IT HAS SERVED YOUR PURPOSE
so that it may be made available to other requesters,
Your cooperation will be appreciated.

NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA
ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS

NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE

| SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY

‘| IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER
PERSON OR. CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE
USE OR SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO. ’

UNCLASSFIED

i




