AD=A0BS 229 NAVAL RESEARCH LAB WASHINGTON DC F/6 8/2
PASSIVE 19,3 6HZ RADIOMETER AND AEROSOL DATA FROM THE NORTH SEA==ETC(U)
AUG 80 S 6 GATHMAN: B 6 JULIAN

UNCLASSIFIED NRL-MR=4285




Wl 1.0 © B he
W= 7 pa
oL

s

22 [ e






SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

REPORT DOCUMENTATION PAGE BEF O O O RM

1. REPORT NUMBER 2. GOVT ACCESSION NoJ 3. nz 'S CATALOG NUMBER
NRL Memorandum Report 4285 / /@—% &,Zf &Z 9‘;

4. TITLE (and Subtitle) 8. TYPE OF REPORT & PERIOD COVERED
PASSIVE 19.3 GHz RADIOMETER AND AEROSOL Interim report on a continuing
DATA FROM THE NORTH SEA DURING MARSEN I NRL problem.
SEPTEMBER_OCTOBER 1979 6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) T CONTRACT OR GRANT NUMBER(a)

S.G. Gathman and B.G. Julian

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
Naval Research Laboratory AREA & WORK UNIT NUMBERS
a
Washington, D.C. 20375 83-1112-0-0
11. CONTROLLING OF FICE NAME AND ADDRESS 12. REPORT DATE
Office of Naval Research August 13, 1980
Arlington, VA 22217 {137 NUMBER OF PAGES
113

4. MONITORING AGENCY NAME & ADDRESS(if different from Controlling Office) 15. SECURITY CLASS. (of this report)

UNCLASSIFIED

Sa. DECLASSIFICATION/DOWNGRADING
SCHEDULE

18. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abetract entered in Block 20, i1 ditferent from Report)

19. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side /f necessary and identily by block number)

Relative humidity MARSEN I
Radiometer Bubbles
Microwave North Sea
Aerosol Meteorology
20. A RACT (Continue on reverse side If y and | ify by diock bor)

Aerosol concentrations in five size ranges with a minimum detection size of d=0.5
microns and the horizontal and vertical polaritiess of passive 19.3 GHz microwave radiation
at various angles to nadir were obtained in the North Sea during MARSEN I in the
September—October 1979 time frame. These data together with pertinent simultaneous
meteorological measurements are reported on an hourly basis. K

DD . on", 1473  eoition oF 1 noV 68 15 oRsOLETE
$/N 0102-LF-014-6601 i

SECURITY CLASSIFICATION OF THIS PAGE (When Date Bntered)




1. BACKGROUND ... .iiitiietteannnnereennensaraneasonsnnsnenns 1
2. INSTRUMENTATION — AEROSOL MEASUREMENTS............... 6
3. INSTRUMENTATION — RADIOMETER MEASUREMENTS ........... 13
4. AUXILIARY MEASUREMENTS ..........cc.ivivreennnnnnrcnennss 15
5. METEOROLOGICAL CONDITIONS . . .....iitirieetnennennenannnnns 18
6. DISCUSSION .....0iviiiiirintnneneeneneeoneseneensasenrenenns 34
T. ACKNOWLEDGEMENTS ... ....i.itiiitiiienronnenrnenononennnns 46
8. REFERENCES ......0ivitiitininnnrenenrnecensennsncnanennnns 47
9. APPENDIX I — METEOROLOGICAL DATA ......oivirrrernennnans 49
Atmospheric Pressure — Millibars ..............cciiiivenn.. 50
Relative Humidity — Percent . ..........coieveieeennonnsneaces 54
Wind Speed — Knots ... cvviiinnnineneneeneneneoeonnnens 58
Wind Direction — Degrees . . .....o.cvvvvvevrennsrereasceeronses 62
Wave Height — Meters ...........cciiiieninrnnnnneerncennnns 66
Visibility — Kilometers ............ccoiiiiiiiinrnrnnennnnnns 70
Air Temperature — Degrees C . ..........ceoererrvnenennnnnne 74
Water Temperature — 4.5 Meters — Degrees C  ..........c.couu.n 78
10. APPENDIX II — AEROSOL DATA ........civitveveennacsnencenns 82
Aerosol Concentrations (0.5<d<O.7)u(#/CC) e v vvvvveienenreanannn 83
Aerosol Concentrations (0.7<d<1.4)u(#/CC) . vt vvrvvrnnnnncnanss 87
Aerosol Concentrations (1.4<d<8.0)u(#/¢C) ... ..o cvverrnrreannss 91
Aerosol Concentrations (3.0<d<B5.0)u(#/€C) .. v v v enerrnenennnnn 95
Aerosol Concentrations (5.0<d)u(#/cC). v vvvieeinrinnnncnennnnns 99
11. APPENDIX III — RADIOMETER DATA .......ooiveerirnencncnanns 103
Radiation Temperature (°K) @19.3 GHz —
Vertical Polarization .............c0.ciiiiiiivnerensennnnns 104
Radiation Temperature (°K) @19.3 GHz —
Horizontal Polarization ..............ce0veeviiiecnencansns 108
for
NTS White m#
poC Buft Sectios [J
’ UNANNOUNCED o
D I lc JUSTIFICATION ‘
@ ELECTE
2 Y IR
t;_._: | AUG 2 2 1980 DISTRIBUTION/ MALABLAY CODES
w Dist.  AVAIL end /o0 W

TABLE OF CONTENTS




PASSIVE 19.3 GHz RADIOMETER AND AEROSOL DATA
FROM THE NORTH SEA DURING MARSEN I
SEPTEMBER—OCTOBER 1979

1. BACKGROUND

The truly marine atmosphere differs considerably from
its continental counterpart both in its meteorological charac-
teristics and in its aerosol composition., According to Junge,
the typical continental aerosol size distribution can be
described by:

dN = cr-B
d (log 1)

where N is the aerosol concentration which is a function of

the radius, r is the radius, B is about 3 and C is a constant,

In the simplest terms on the other hand, the marine
aerosol is made up of both a residual continental pooulation
plus an additional marine component. As an air mass leaves
a continental area, for the open sea, air mass modification
takes place and the continental aerosol component is decreased
because most of its sources are eliminated while the sink or
dissipation processes are still operating. In addition a new
source of aerosols comes into play, produced by the sea itself
and present in the form of minute droplets formed about nuclei

of sea salt.

It is well known that the total concentration of sea
salt in the marine atmosphere increases with wind speed as any
visitor to the sea shore with an automobile windshield to clean

will attest, There are several known mechanisms by which these
Manuscript submitted May 30, 1980




salt particles are introduced mechanically into the atmosphere.

The first is by the bursting of minute air bubbles at the sur-

face of the water. Blanchard (1963) has shown that depending

on the size and age of the air bubbles, small jet drops can be
ejected to altitudes of tens of centimeters above the water sur-
face. These jet drops are then evaporated down to an equilibri-
um size in which it will no longer evaporate nor grow when re-
acting with the free water vapor in the immediate environment of
the droplet. As a small salt particle, this former jet drop may
now be transported vertically by the turbulent atmospheric
forces in the boundary layer in which it now finds itself. For
the most part the air bubbles are introduced into the surface
waters of the sea by the action of white caps. When a wave be-
comes so steep that it is no longer stable, its crest in the
process of falling back into the water entraps a volume of air
which quickly breaks up into many small bubbles [Blanchard and
Woodcock (1957) & Monahan and Zietlow (1969ﬂ .

A secondary source of extremely small droplets observed
in the action of the bursting of air bubbles at the sea is the
film droplets which are the residue of the bubble film remaining
suspended as the film bursts just prior to the ejection of the

jet droplets.

The film droplets are about two orders of magnitude more

numerous than the jet dronlets and thev are considerably smaller




in size than their cousins. However thev are not mechanically
- placed in the turbulent zone and their effect on atmospheric

3 aerosol concentration is not well known.

A third source of aerosol occurs at wind speeds higher
than those associated with the onset of whitecapping. This pro-
cess produces dropnlets by the wind mechanically shearing off the
wave crests [Blanchard, (1974)] . Many of these resulting drop-
lets strike the sea surface downwind of the crest of their
origin and in the process produce many additional droplets and

bubbles [Harlow and Shannon, (1967)].

Once introduced into the atmosphere, the growth and evap-
i% oration of the droplet depends on the chemical characteristic of
=§ the droplet water and its salt content., If the droplet were
evaporated down in a desert environment it would eventually
reach a minimum dry size. At higher relative humidities it will
grow to larger sizes because of the hygroscooic salt of the
nuclei attracting water molecules even at relative humidities
less than 100%. Of course if the relative humidity reaches 1007
the growth will be spectacular. The aggregate result of many
droplets reaching this rapid growth stage is the phenomenon of

fog.

The characteristics of the variability of size as a

function of relative humidity of the hygroscopic portion of
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the total aerosol in the marine atmosphere is extremely impor-
tant when we are concerned about the transmission of electromag-
netic radiaticn of near optical wavelengths in the Navy, This
is because of the scattering interaction which occurs when the
electromagnetic radiation wavelength and the particle sizes are

equivalent.

There are at present no satisfactory way of predicting
precisely the size distribution of the aerosol as a function
of altitude above the sea surface nor are there techniques to

obtain this information from a remote sensor.

It has been shown [Droppleman, (1970)] that the emis-
sivity of radiation at microwave wavelengths is stroﬂgly af-
fected by the presence of white water or bubbles at the sea
surface. If the percentage of the total sea surface covered
by white caps can be measured remotely by a microwave technique,
then the possibility of remotely monitoring the source of the
marine aerosol from aircraft or satellite is achieved. Conse-
quently with the aid of an appropriate boundary layer model
utilizing this information the size distribution of atmospheric
aerosols can be determined at various altitudes. This model
requires as an input information on the flux of droplets pro-
duced at the sea surface which are injected into the lowest
layers of the turbulent boundary layer and mixed throughout the

boundary layer by eddy diffusion processes. This type of




sensing would be useful for the high wind regimes where our

knowledge of aerosol loading is particularly scantv.

MARSEN I was a cooperative experiment between European
and American scientists designed to study the interaction of
surface winds, waves and currents using in-situ and remote
sensors. The measurements were carried out in the German Bight
around the Island of Helgoland, the German North Sea Platform

and the Island of Sylt.

It was the purpose of this part of the experiment to
investigate the production and distribution of various aerosols
by greatly expanding our measurement capnability in utilizing
the various measurements being made at the sea surface by
experimenters from many countries. Thus by extending the suite

of instruments, taking part in the large scale MARSEN I experi-

ment to include measurements of specific interest to the problem
of marine aerosols, we gain significant leverage in obtaining

a sufficiently broad experiment at reasonable cost to provide
specific data to be used as input data to the first order

mixing model and as ''ground truth" aerosol content data to be

used in the testing of the model predictions themselves.

This experiment provides complementary information on
the mechanism of maritime aerosol generation as well as an

analysis of the utility of satellite derived data on sea
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surface properties., It is hoped that the use of this complemen-
tary study of aerosol generation by white caps, the resulting
aerosol size distribution in the marine boundary layer and the
feasibility to derive aerosol generation rates from microwave
radiometric data from the SMMRs' of either aircraft or NIMBUS

G will provide the ground work for an even greater application
of remote sensing techniques in the study of the meteorology of

remote sections of the worlds oceans.

Figure 1 shows the location of the Forschungsplattform
Nordsee (FPN) located in the German Bight portion of the North
Sea on which the data reported in this report were observed.

The tower is located at approximately 54° 42'N and 7° 10° E.

Figure 2 is a photograph of the tower from the air
showing a helicopter landing on the helicopter deck to transfer
material and personnel to the tower. The tower is a well
equipped and comfortable scientific laboratory providing an
excellent solid base for many different experiments involving

the sea and its interaction with the air,

2, INSTRUMENTATION - AEROSOL MEASUREMENTS

The aerosol data in this remort were obtained with a
Royco model 225/241 aerosol particle counter with a model 518

data interface. This instrument is designed to count particle
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concentrations in a gaseous media. The counter will measure
particles of 0.5 micron diameter and larger concentrations of
up to 3500 per cc. and sort them into five adjustable size
classifications counting into memories of all five channels
simultaneously. The manufacturer claims a sizing accuracy about

the stated size of + 57 - based on the pulse height measurements.

The interface device was connected dieitally to a micro-
computer system which received the total counts of all five
channels for a period of one minute. The microcomputer svstem
provides both an immediate analog strip chart recording of all
five channels in the form of histograms as well as a magnetic
cassette recording of the data to provide a digital format from
which to retrieve the data, for later manipulations in the

analysis of the experiment.

The microcomputer system also allows for notes to be
inserted by hand into the data stream to allow the coordination
of the system with the rest of the experiment. The sensing head
and the Royco control electronics can be sevarated from each

other.

The air flow entering the sampling chamber was calibrated
in situ with a Fisher Mark III flow meter. This calibration
showed that the Royco operating at the 0,1 CFM setting was in

reality only sampling 0,09677 CFM. This correction is applied




to the calculations of aerosol concentrations.

The data was analyzed later from the magnetic tape cas-
sette. The data presented in this renort is a subset of the

total data available and consists of the ten minutes of avail-

able data about the hour which is averaged and presented as the

aerosol concentration at that hour.

The sensor was located in a weatherproof box with an
inlet tube which could be rotated to face into the wind. The
sensor enclosure was located on the outside of the catwalk sur-
rounding the tower as shown in figure 3. Because of the physical
inability to get adequately far from the tower the wind direc-
tion must be taken into account in the interpretation of the
1 aerosol data. In general when the wind direction is from 180°

to 360° the aerosol sample is unobstructed and the data should

be representative of that over the free North Sea waters. On

o 0
the other hand, when the wind direction is from 0 to 180 , the
data is suspect and should not be used as the sole basis on

which to make important conclusions,

The instrument was operated continuously day and night

from the late evening of 13 September 1980 until mid morning of

13 October 1980. The hours of operation are shown in figure 4
where the darkened squares represent data available in the

data base.
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Aerosol measuring instrument (on left)

Fig. 3 -
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3. INSTRUMENTATION - RADIOMETER MEASUREMENTS

The second instrument, the 19.3 GHz microwave radiometer
is used as an indicator of whitecans on the sea surface., Over
the past 30 years a wide variety of microwave radiometer config-
urations of varying complexity and sensitivity have been used.
The device used in this experiment was designed by members of
the Advanced Space Sensors Applications Branch of the Naval

Research Laboratory Space Science Division.

The configuration of the radiometer is shown in figure
5. This device provides continuous analog outputs of both the
vertical and the horizontal polarization components of micro-

wave radiation entering the 6" aperture antenna.

The logic card operates both the electrically controlled
horizontal/vertical antenna switch and the Dicke switch in such
a way that both polarities of the incoming signals are compared
with a reference load in a black box of a known temperature.
The Gunn diode provides a heterodyning signal of an appropriate
magnitude so that the amplified I.F. signal can be easily de-
tected by the crystal detector and its magnitude processed by

the logic card.

The instrument has an additional four way switch which is
manually operated and allows the instrument to provide a zero

reading - because in this mode both ends of the Dicke switch

13
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are looking into the constant temperature block and the differ-
ences in these signals should be a null signal. In addition, a

noise diode can be turned on to provide a calibration source.

The outputs of this instrument were recorded on strip
chart recorders in the high speed mode of 5 cm of chart per

minute which was adequate to observe the growth and decay of

individual white caps in its field of view.

The radiometer was mounted on the outside rail of the cat-
walk about the tower, figure 6, on a mount which allowed the ra-
diometer to be looking at the sea surface at various angles from
straight down to at the horizon. The general direction in which
the radiometer was focusing was west. Throughout the period 3
or 4 times a day, high speed recordings were made at various
angles with respect to the zenith. Figure 7 shows the times
throughout the period when these high speed runs were made. These
measurements were backed up by photogranhs of the sea surface

taken at the same time and at the same angle during the daylight

hours.

4, AUXILIARY MEASUREMENTS

In addition routine meteorological measurements were
made by the tower personnel every hour, These measurements in-
clude the wind speed and directions, wave heights, barometric

pressure, air temperature, water temperature at the depths of

15

. - .




7

1wjpwolpey — 9 B




e s

HOUR-G MT
olil2]3la|5]6|7]8

9

10

12

13

149

islieli7

18

19 j20l21

23

SEPT

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

OoCT

|

Fig. 7 — Radiometer — time of high speed data recording

17




g
i
.‘
i
.

4.5 meters and 19 meters, relative humidity, visibility, cloud

cover and tidal measurements. From time to time when weather
conditions permitted, the total aerosol loading of the atmos-
phere was obtained using a Voltz sun photometer. Data not

reported here is available from the authors.

5. METEOROLOGICAL CONDITIONS

The meteorological data obtained on the platform have
been digitized along with the aerosol data and put into a comput-
erized archiving system reported by Gathman and Julian (1979).
The products of this system are used to describe the meteoro-
logical conditions prevailing at the platform throughou; the

period of interest and hourly values are listed in appendix I,

The purpose of this experiment was to obtain data on the
white cap coverage and aerosol loading at various sea states and
therefore as functions of the wind speed. Because of the physi-
cal location of the instrumentation on the tower, we had hoped
that there would be a good spread of wind speed data occuring
at wind direction angles between 180o and 3600. Figure 8 is a
scatter diagram of the wind speed and wind direction measurments
made during the operation. It is seen that the data within the
permissible limits of directions shows an excellent sampling of

the variations in wind speed which are needed.
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In this area of good data we see that we have an almost
uniform distribution of points indicating that all cases of

interest are included in our data sampling.

Figure 9 is a histogram which shows that the wind sneeds
distribution encountered during this experiment is indeed broad

and averaging about 22 knots but with extremes of 3 and 48 knots.

Figure 10 is a histogram of the measured wind directions
showing that there are two preferred directions encountered dur-
ing the experiment, but with the broadest peak occurring from

the direction where the data is most wvaluable.

Figure 11 shows the frequency distribution of the wave
height as measured at the platform with a wave staff. Figure 12
is a scatter plot of the wave heights as a function of the simul-
taneously measured wind speed. In general this figure shows that
wave height does increase with wind speed but the effects of
fetch and duration are not included in this figure and therefore

the scatter of values is understandable.

Figure 13 shows the distribution of air temperatures at
the tower during the experiment. Of more importance is the rel-
ative humidity which can cause size changes in the hygroscopic
aerosol which occurs over the sea. This is particularly true

for the sea salt nuclei which are produced by the white water

phenomena, Figure 14 shows the frequency of occurance
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distribution of measured relative humidities. This data shows
that in 155 hours of the total time, that the air was very close
to or actually saturated with water vapor. These very high rel-
ative humidities present a potential comnlication in the inter-
pretations of the data because much of the hygrosconic nuclei
will swell at these near saturation relative humidities. Accord-
ing to Fitzgerald (1978) the ratio of the aerosol radius at the
ambient relative humidity to its dry size is plotted as a func-
tion of relative humidity in figure 15 for different air mass
types represented by the parameter y. (In the equations the sat-
uration ratio, S is equal to the relative humidity in percent

divided by 100.)

The accompaning visibility histogram for the experiment
is shown in figure 16, This data shows that indeed most of the
visibilities measured at the platform showed hazy conditions or
worse - with the major part of the values being less than 12 km,
Part of this reduction is no doubt due to the swelling of the
aerosol as can be seen in figure 17 - where the measured mean re-
lationship between visibility and relative humidity for the peri-
od of observation on the tower exhibit a form which is a direct
consequence of the swelling of the aerosol with relative humid-
ities above 70% which is characteristic of maritime or modified
maritime air as shown in figure 15, There is a fair amount of

variations about these average points however, indicating that
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at any one point in time, visibility can not be estimated very

accurately if all we know at that time is the relative humidity.

Figures 18 through 23 show the time variation of the vari-
ous meteorological parameters for the period of observation at

the tower.

Figure 18 is the variations of sea level pressure as a
function of Julian Date., Figures 19 and 20 show the values of
the wind direction and speed respectively plotted as functions
of the Julian Date. These plots show that most of the south-
easterly winds occur in a period of from day 274 thru day 281.
That is from 1 October 1979 through 8 October the winds are con-
tinually contrary but in the period of time for the remainder of
the experiment wind direction changed rapidly with time. The
relative humidity, air temperature and visibilitv plotted with
respect to the Julian Date are shown in figures 21 through 23

respectively.

6. DISCUSSION

Hourly values of the number concentration of aerosols
within the size boundaries of the Royco instrument are found
printed in appendix II of this report. This data shows wide
variations in time with a highly significant skewness toward
larger concentration values for all size classes. As discussed

before these larger concentrations can be explained by two
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mechanisms, The growth at high relative humidities of all ele-
ments in the size spectra causing the higher concentrations of
the former smaller particles growing to larger sizes so as to
now be counted by the instrument as larger particles is one
mechanism which occurs at relative humidities above 95%. The
production at the sea surface of particles in the white water
phenomenon should be observable at high wind speeds or high wave
heights or high occurance of white caps and constitutes the
second mechanism responsible for the aerosol loading in the

size classes of interest to us here.

These mechanisms can be recognized by utilizing the other
information we have available. For instance if we wish to iso-
late out the effect of particle growth from high relative humid-
ity effects we may plot out the aerosol concentration data as a
function of relative humidity for all cases with wind speeds
less than 10 knots and coming from the proper direction so as
not to contain tower contamination effects. For the situation
at FPN this means we can accept wind as long as it is coming
from an angle greater than 180 degrees. The plot shown in figure
24 was obtained from the aerosol data base, printed in the appen-
dix which has been sorted by the criterion mentioned above.

Then for each 5 percentage point incremental step of relative
humidity, the average of all of the measured concentration
values for each size class was obtained. These are plotted in

the figure in a relative way so as to determine what kind of
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gain in concentration was experienced in each of the five size

classes as a function of relative humidity. For instance if the
relative humidity was in the increment of 70 to 75 percent, then
the average concentration of each size class which were measured

with relative humidities in this range is divided by the average

concentration of the same size class which was measured in the

relative humidity interval between 50 and 60 percent.

The data shown in the figure demonstrates that the really
dramatic increases occur for all sizc classes when the relative
humidities are between 95 and 100 percent. Relative humidities
below this value produce very little gain in concentration for
the largest three size classes. The two smallest size classes
¥ however show a plateau region of moderate gains in concentration

at relative humidities greater than 80 percent but less than

95 percent.

The conclusion of this anélysis is that if we are inter-
ested in the effects of the aerosol concentrations caused by the
flux of aerosol from the sea surface from white water phenomena,
then we had better isolate these cases in which the relative

humidity is above 95 percent so as to not confuse the mechanical

production process with the growth of aerosols phenomenon,

The passive microwave measurements of the sea surface has

been studied for a number of years. Williams (1969) suggested

that the very high microwave brightness temperature of sea foam
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compared to the average sea surface was the reason for the mea-
sured correlation of microwave brightness temperature with wind
speed. Hollinger (1971) made a series of passive microwave mea-
surements at Argus Island tower and showed definite frequency
dependent correlation between the microwave brightness tempera-
ture and wind speed. He reports that the relatively high micro-
wave brightness temperature of sea foam compared to the general
surface made it easy to recognize the signal produced by a white
cap or foam patch and he excluded these effects of the antenna
temperature averages. One of the purposes of this experiment
was to determine if these spurious effects of white caps and
foam can indeed be detected remotely and utilized in the remote
sensing of aerosol production. These effects are definitely not
excluded in the antenna temperatures reported here for either
the horizontal or the vertical polarization information and
listed in the appendix. These temperatures are the temperatures
seen at the antenna inlet and are corrected only for the effects
of spurious radiation entering the side and back lobes of the
antenna but they are not corrected for the sky radiation reflec-
ted from the sea. They are expressed in degrees Kelvin for a

series of nadir angles expressed in degrees.

Figure 25 shows a plot of all of the 19.3 Ghz radiometer
measurements made at FPN during MARSEN I. The upper branch of

data points are those measured from the vertical polarization
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channel of the instrument while the lower group of points come
from the horizontal channel., The antenna temperatures of both

channels merge as they approach 30 degrees from nadir.

Stogryn (1967) has theoretically found significant temper-
ature changes which occur with increasing wind speed (neglecting
the effects of white water and foam) for the horizontally polar-
ized radiation. On the other hand his calculations show an in-
variance to sea state of the vertically polarized radiation at
an angle near 50 degrees. This finding mav prove very important
in separating the effects of the increased microwave emissivity
of sea foam and that of the geometrv of an aroused sea state,
The general characteristics of Stogryn's model are borne out by
these measurements and in particular the larger spread of data
exhibited by the horizontally polarized radiation as compared

with the vertically polarized radiation,

As a preliminary study of the interactions of the stan-
dard meteorological parameters, the atmospheric aerosol and
microwave temperatures contained in this report, a correlation
matrix of key parameters is shown in figure 26. Here an H is
shown in the appropriate box for a highlv significant correlation
between two parameters, a C for signs of a correlation and is

left blank if the data shows no sign of a correlation.

In order to isolate the effects of tower contamination of
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the samples and high relative humidity on the correlation analy-
sis with the aerosol data, only those data which were taken when
the wind direction was from an angle of greater than 180 degrees
and in which the relative humidity was less than 957 were used.
This should eliminate contamination of the experiment by tower

emissions and it should also avoid the change in concentrations

in the standard size ranges which are caused by the growth of

the droplets in a high relative humidity environment.

Parameters 1 and 2 are the two radiometer channels which
should be of most interest in observing the effects of aerosol
production at the sea surface. The vertical polarization at 48°
is supposed to be independent of sea state while the horizontal
polarization at 58° should show a maximum in variation with
sea state. This theoretical result is borne out in the cor-
relation matrix where only the horizontal channel exhibits
a correlation with wave height. Both channels show a correla-

tion with cloud cover showing that this known cause of signal

variation has not been removed from the data. Finally a cor-
relation is seen between both channels and the two largest

size classes of aerosols but not the three smallest sizes.

This indicates that the concentrations of aerosols in the sizes
of d>3.0 during periods of relative humidity being less than
95%, is indeed dependent on the existance of sources of these

particulates on the sea surface.
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The aerosol concentrations in the three smallest size
classifications correlate very well with each other but not well

with most of the other parameters.

In conclusion, the data gathered at FPN during MARSEN I
experiment appears to obey the general rules of atmospheric
physics and should provide an useful data base with which to
test hypothetical relationships between marine atmospheric aero-

sol, its sources and its predictions.
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9. APPENDIX I — METEOROLOGICAL DATA
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