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ABSTRACT

During P~~y and early June 1977, Calspan participated in a Transatlantic-

Mediterranean research - expedition (NRL Cruise 77-16-04) aboard the USNS HAYES to

investigate atmospheric marine boundary layer phenomena. Caispan ’s objective

was the acquisition of data describing the magnitudes and spatial variations of

a variety of aerosol and meteorological parameters in the lowest 20 m. Continuous

or hourly observations of visibility, scattering coefficient, total particle con-

centration, aerosol size spectra (0.01 to >3.Q~~ diameter), relative humidity,

air and sea surface temperatures, and winds were obtained throughout the cruise.

At less regular intervals, measurements of cloud condensation nuclei and aqueous

sea spray aerosols and collections of aerosols for chemical analyses were also

obtained. These data were used to describe differences between the clean

marine air of the mid-Atlantic and the modified-continental air of the Mediter-

ranean observed during the cruise and data previously acquired in the Eastern

Pacific. In addition, complete aerosol spectra (0.01~i)to >2O.c~Jnjidiameter) 
~~~~~~~~~~~~~~

were utilized to compute extinction as functions index of refraction, wave-

length and changes in relative humidity. 
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Section 1
INTRODUCT ION AND SUMMARY

For the past six years under sponsorship of the Naval Air Systems

Command (NASC), Calspan Corporation in cooperation with the Naval Postgraduate

School (NPS), the Naval Research Laboratory (NRL), and the Naval Avionics

Center (NAC) has been conducting an investigation of the evolutionary processes
- and physical properties of marine fog and marine boundary-layer aerosols.

During the first four years, attention was focused on determination of the

- - formation mechanisms and physical and chemical characteristics of marine fogs
• occurring off the coasts of California and Nova Scotia. Last year the scope

- 
of Calspan ’s effort was expanded to include investigation of evolutionary

U processes which contro l compositional and physical characteristics of marine

boundary layer aerosols. Results of these efforts are summarized in
- 

References 1-9.

This year , under Contract No. N00019-78-C-0l79 from NAS C , Ca ispan
continued its contribution to the Navy ’s marine boundary layer phys ics program
with a combined marine aerosol/fog investigation involving two separate Tasks.

Task 1 encompassed analysis and interpretation of marine boundary layer aerosol

data previously acquired by Calspan (Ref. 8) under Contract No. N00173-77-C-0126

I ri from NRL , during the NRL-sponsored Transatlantic-Mediterranean Cruise of May-

.! June 1977. The scope of Caispan ’s participation in the Cru ise was initially
limited to the acquisition of data describing the physical and chemical

characteristics of the aerosol , as well as the pertinent basic meteorological
param eters , in the lower atmospher ic marine boundary layer. Results of the
analyses and interpretation of these data, performed as Task 1 under the
curren t con t rac t, are presented within this report .

As Task 2 , Calspan in collabora tion with NPS , the Naval Ocean Systems
Center (NOSC), NRL and NAC participated in CEWCOM- 78 to obtain data describing
marine fogs and marine boundary layer characteristics off the coast of

Cal ifornia in the vicinity of San Nicolas Island (SNI). Caispan ’s primary

objective during the CEWCOM-78 field effort of May 1978 was to acquire data

I
_ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _
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from aboard the NPS R/V ACANIA with which to assess the representativeness of
SNI of clean (natural) marine boundary layer conditions. Under the scope of

the contract , these dat a were to be provided only in reduced, “data-volume”
format . Results of this effort are reported in a separate volume (Ref. 10).

The objective of Calspan’s participation in NRL Cruise 77-16-04 was 
- 

-

to acquire data with which to describe the aerosol and optical properties of

the marine boundary layer of the North Atlantic and the Mediterranean. Data

were acquired from aboard the USNS HAYES during the period 15 May to 7 June
1977 while en route from Virginia to Athens, Greece via the Grand Banks and

the Strait of Gibraltar. Ship ’s track for the cruise is shown in Figure 1.

(The dates shown on the cruise track, as well as all times referred to in

this report, are GMr.) -.
Calspan instrumentation deployed aboard the HAYES is listed in

Table 1 along with information on parameters measured, range of variables, -.

frequency of measuremen ts and measurement heights above the sea surface.
The locations of the various instruments on the ship are depicted schematically 

- -

in Figure 2. The first five items in Table 1 were installed in a shelter

which formed the lower half of a small tower erected atop the flying bridge.

In order to minimize the risk of contamination , the sample air for the various

• particle monitors was aspirated through a 5 cm diameter (ID), 2.5 m long tube
extending to 2 m forward of and 2 m above the flying bridge. (Flow rate was

such that aerosol residence within the tube was 2 sec.) Fog sampling equip-

ment (items 6, 7 and 8) was mounted on top of the tower to minimize the ship’s

thermal influence when the wind direction was within the forward quadrant.

A second drop sampler was positioned on the tip of one of the bows (depending

on wind direction) for collecting sea spray droplets as close to the water

surface as possible while escaping any spray generated by the ship. Continuous

temperature recordings were obtained at four levels, the lowest being the sea
surface. An armored sea surface temperature probe was towed between the bows

to obtain temperature measurements of the approximate top 10 centimeters of

the water surface. Continuous humidity measurements were obtained at two

levels with lithium chloride based dewpoint sensors while manual psychrometry

provided calibration and backup measurements. The primary purpose of the wind

2

_ _-  
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instrumentation mounted on the antenna mast was the convenient detection of

potentially contaminating (ship-related) wind conditions. While the last

two items in Table 1 provided bulk aerosol samples for later chemical analysis,
the cascade impactor samples were most suitable for combined scanning electron
microscopy and energy dispersive x-ray analysis of individual particles, whereas
the bulk f i l ter samples were partly earmarked for wet chemical analyses and
partly designed for atomic absorption spectroscopy or x-ray fluorescence
analysis. Detailed descriptions of this instrumentation may be found elsewhere

(e.g., Ref. 1—4).

During the cruise , logs were maintained comprising hourly values of
all the parameters measured except CCN, sea spray and chemical samples which

were obtained at irregular intervals and which required further processing

to arrive at quantitative values . The logs also contained hourly observat ions
of weather, sky conditions and ship’s (magnetic) heading. In total, the

logs comprised approximat e ly 400 successful hourly observations and were

reported in Ref. 8. Portions of these data logs, includ ing subsequent ly

reduced data, are reproduced in Appendices A through H.

Analyses of visibility and scattering coefficient dat a , aerosol size
spectra, and supersaturation activity spectra, along with detailed analyses of
individual particle composition revealed significant differences in the aerosol

character of the marine boundary layer at different locations. Clean, though

not necessarily ‘natural ’, marine conditions were observed in the mid-Atlantic.

A modified-marine airmass was observed off the coast of North America; and
distinctly different modified-continental airmasses were observed, respectively,

off the Atlantic coast of E urope and in the Mediterranean . The data show that

the airmasses observed along the European coast to 1200 km offshore and in the
Mediterranean were not of marine character. The data from which these con-

clusions are derived are presented and discussed in detail in Section 2 of this

report .
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I
I During the cruise , complete aerosol size Spectra (0.01Mm to “20.OMm

diameter) were acquired by combining the data obtained with three different

instruments: an EAA, a Royco and a Caispan droplet sampler. Extinction
(visibility) calculated from these spectra showed good agreement with measured
values. The calculations showed that >90% of observed extinction was due to
aerosols in the size range 0.2 to 20 .M m di ameter. The comp lete aerosol spectra
were also used to compute extinction as functions of index of refraction,
wavelength (ignoring absorption), and , through particle growth-theory, changes

- - in relative humidity. These exercises are presented and described in Section 3.
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Section 2 -

CHARACTERISTICS OF THE MARINE BOUNDARY

LAYERS OF THE NORTH ATLANTIC AND MEDITERRANE AN

- 

- 

Cal span participated in the Transatlantic-Mediterranean cruise of -

May-June 1977 with the objective of providing descriptions of the magnitudes . -

and spatial variations of a variety of aerosol and meteorological parameters 
- -

in the lowest 20m of the marine boundary layer. During the cruise, Calspan

obtained continuous or hourly observations of visibility, scattering coeffi-

cient, total particle concentration, aerosol size spectra (0.01 to >3.Opm),

• winds , temperature and relative humidity. At less regular intervals, measure-
ments of cloud condensation nuclei (CCN) and sea spray aerosols and collections
of aerosols for chemical analyses were also obtained. The data are presented

and discussed within this section. (All times referred to in this report are --

• G~.ff.)

2.1 Cruise Scenario and General Meteorological Conditions

The HAYES departed Vi rgin ia on 15 May 1977 , passing through the - .

mouth of Chesapeake Bay at ‘~.O500 Gtff , and headed in a general northeasterly
di rection . Turning eastward , the ship cruised along the coast of Nova Scotia
at ‘~6O km offshore , passing the southeastern coast of Newfoundland by 2200 GMF
on 19 May. The ship arrived in port at Rota, Spain at ~080O G?.ff on 28 May
and , after a 3 day lay-over, departed Rota at 1930 GM~ on 30 May. After [ I
passing through the Strait of Gibraltar at ‘~0200 on 31 May , the ship cruised
eastward through the Mediterranean approximately paralleling the African -

coast at about 150 km offshore, finally docking at Piraeus, Greece (near I i
Athens) at -~.08O0, 7 June. The general cruise track is depicted in Figure 1. -.

2.11 Wi nds

Winds observed during the cruise are plotted in Figures 3a and b
and 4a and b. These dat a were generated from Calspan hourly observations of

• relative winds and ship ’s magnetic heading, assuming a ship’s speed of 6m sec~~.
(Ship’s-speed data computed by NRL from satellite navigation data, show

8 
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6m sec~~ to be a reasonable average for ship ’s speed.) These data are not

intended to provide an absolute measure of wind direction and speed , but

rather to indicate the general direction and short-term fetch of air
sampled during the cruise. Numerical values of these dat a are tabulated
in Appendix A.

Along the North American coast, winds were westerly to northerly

offshore at 4-12 m sec~~ through the period ending mid-day on 19 May. On

19 May, winds shifted to south-southeasterly and then gradually backed to
northwesterly by early on 21 May. In the mid-At lantic, winds remained
northwesterly before shifting abruptly to south-southwesterly early on

24 May. Winds shifted back to northwesterly late on 26 May and remained

from that direction until data acquisition was terminated near Rota. In the

western Mediterranean , winds were southerly to westerly until a wind shift

early on 2 June brought northwesterly winds through the duration of the

cruise. The observed wind shifts appeared to be associated with frontal

passages.

2.12 Visibility Characteristics

• Visibility and scattering coefficient were monitored continuously

throughout the cruise with an MRI Nephelometer. At times , following winds

• prevented the acquisition of data uncontaminated by ship ’s he at and exhaus t
emissions; during extended periods of such conditions , the ship was frequen t ly
turned into the wind to allow for brief intervals of data collection .

Visibility, scattering coefficient, and total particle (Aitken nuclei) con-
centration data obtained at hourly intervals (where possible) are shown for

the Atlantic and Mediterranean portions of the expedition in Figures 5a and

Sb, respectively. A log of the numerical values of these data is provided

in Appendix B.
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The data plotted in Figures 5a and b show that visibility was
generally unlimited (i.e., >50 Ion) during the cruise with the exception

of four periods : in the Atlantic from ~0O00 , 17 May to 1100, 18 May and
from 0300, 26 May to 0800, 28 May; and in the Mediterran ean from 2100, L -

1 June to 1400, 3 June and from ‘~1400, 4 June to 0600, 7 June. With

increasing distance from the North American Continent, visibilities in the
mid-Atlantic improved to values substantially greater than 80 km. These

data suggest that, in terms of visibility, clean , natural marine conditions
were observed in the Atlantic between 19 and 25 May 1978.

Beginning about 0100 on 25 May at a distance of ‘~-.l20O km west of

the European coast, visibility degraded with proximity to the coast. Visi-

bility ultimately dropped to U0 km by 1200 GMT on 27 May at a distance of

~3O km off the southwestern tip of the Iberian Peninsula.

In the Mediterranean , visibility was considerably more variable ~
• 

-

than was observed in the mid-Atlantic , exhibiting values ranging from < 80 km

down to ‘~25 km. Minimum visibilities in the Mediterranean were observed

during the nocturnal hours of 2-3, 3-4, 4-5, and 6-7 June. Only briefly,
on 31 May and on the latter half of 3 June, were visibilities in the Mediter- T
ranean as great as those observed in mid-Atlantic. I . .

2.13 Total Aerosol Loadin~g

Aitken nuclei data, obtained with a Gar dner Small Particle Detector
and plotted in Figures Sa and b, show that total particle concentration

remained at levels of 5000-10000 cm~
3 offshore along the North American coast-

line before beginning to decrease east of Nova Scotia. By 0800 GM~ on 20 May

at ‘~270 km southeast of the southeastern tip of Newfo undlan d, tot al particle
concentrations dropped nearly two orders of magnitude to <500 cm 3. Across

• the mid-Atlantic until ‘~0lOO CP4F on 25 May, Aitken concentration remained

between 200-500 cm 3, a value typical of clean (natural) marine air masses
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- - —
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observed elsewhere (e.g., Ref. 9).  Thereafter , particle concentration
increased to and leveled off at U000 cm 3, remaining at that level to within

“.30 km of the Iberian Peninsula. In the Mediterranean , total particle con-

centration generally remained between values of 1000-3000 cm 3, with the

lowest values occurring in the time period from ~2 to 5 June.

It should be noted that , except for a period on 25 May when particle

concentration increased simultaneously with a decrease in visibility, very
little correlation was observed in either the At lantic or Mediterranean between

fluctuations of total particle concentration and ‘clear air ’ visibility. For

example , comparison of the Aitken nucleus concentration and visibility data

in Figure 5a sl~ows that , while visibility improved dramatically to mid-

Atlantic values on 18 f’lay, total particle conccntrat ion did not reach mid-

Atlantic values until two days later on 21) May. The apparent lack of

correlation between visibility and total aerosol concentrat i on represents

a departure from rel at ionsh i ps observed by these authors in the marine

boundary layer off the coast of California (e.g., Ref. 9 and 10).

2.14 Air Temperature, Relative Humidity and Sea Surface Temperature

Dry-bulb and wet-bulb temperature data obtained at the flying br idge
level ( 17m above the surface) by manual p sych rom etry techni ques are shown for
the respective portions of the cruise in Figures 6a and b . Relative humidity

values computed from thf~se data are shown in Fi gures 7a and b. (Records of

mixing ratio, air temperature at 3 heights above the sea surface , and sea

surface temperature data may be found in Appendix C.)

The data plotted in Figure 7 show that in addition to general trends,

considerable variation in relative humidity, almost on a diurnal basis , was

observed during the cruise. Average relative humidity increased from ~.70% on

15 May to nearly 90% by 21 May , before dro~p ing abruptly to values averaging

17
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.S5% in the mid-Atlantic on 22 and 23 May. In the lat e afternoon on 23 May,
RB began to rise in advance of a synoptic disturbance, ultimately reaching

‘~.95% in light rain on the morning of 24 May . Thereafter , average RB

decreased to ~.77% near the Portuguese coast. In the Mediterranean, average RH

peaked at ‘~.84% on 2 and 3 June; minimum values averaged ‘.65% and were observed
on 31 May, 1 June and 6 June.

Previous studies (e.g., Ref. 6 and 9) have shown that visibility
fluctuations in the marine boundary layer can result from complex interactions
and fluctuations of both relative humidity and aerosol populations. Compari-
son of relative humidity data with visibility data (see Figure 5) for NRL

Cruise 77-16-04 reveals that , except for a few brief instances , fluctuat ions
in visibility were unrelated to fluctuations in relative humidity. The

exceptions occurred on the following occasions: after a brief encounter with

a light fog off the coast of No va Scotia on the morning of 18 May , vi sibility
improved from < 15 km to >80 km and RH dropped from near 100% to -C 70% by
evening; during the light rain episode of 24 May ; and on the early morning

hours of both 2 and 3 June when RI-I increased to ‘~86% and v isibility degraded

to c 30 km. Interestingly, the majo r decrease in visibility observed f rom
25 through 27 May , as the ship approached the European coast, occurred while
average RH was decreasing.

The sea surface temperature record for the cruise is reproduced
from hourly observations in Figures 8a and b. These dat a show the coldest

• water observed on the cruise was encountered off the coasts of Nova Scotia

and Newfoundland in the Labrador Current . Water temperatures in the
Medite rranean were “.2-3°C warme r than those in mid-Atlantic.

There is some interest in fluctuations of marine bounda ry layer
characteristics in response to variations (patchiness) in sea surface tempera-

tu re. However , since data were not logged via fast response A-D equipment ,

22 
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• I it is not possible to provide a complete power spectrum for sea surface

temperature fluctuation. Instead, the hourly records were searched for sea

F surface temperature changes of t 0.3-0.49°C, 0.5-0.99, 1.0-1.49, 1.5-1.99,
I 2.0-2.49 and 2.5-2.99 °C over the period of an hour--or , at a mean ship speed

of 6m sec~’, a spatial resolution of ‘~.20 km. A minimum variation of 0.3°C
was chosen to avoid uncertainties associated with sampling and strip-chart-

readi ng errors . The data were summed for three portions of the cruise

L (along the North American Coast and in the Labrador Current from 16-21 May,
in the mid-Atlantic from 22-27 May, and in the Mediterranean from 1-6 June),

and the f requency distributions of 20 km sea surface temperature changes for

the three cruise areas are plotted in Figure 9. These data show that sea

surface temperature fluctuations t 0.3 to 1.0°C with a 20 km spatial resolu-

tion occurred 68, 88, and 79% of the time, respectively, off Nova Scotia, in

the mid-Atlantic , and in the Mediterranean . On the other hand , major  changes

in sea surface temperature (i.e., > t 2°C) occurred 11% of the time off

No va Scotia , but were observed in only 2% of the observations in mid-Atlantic.
None >2°C were observed in the Mediterranean .

2.2 The Microphysics of Observed Aerosols

• Calspan ’s primary objective during NRL Cruise 77-16-04 was to

acquire data with which to assess the characteristics and variability of

aerosols in the lowest 20m of the marine boundary layer. Complete aerosol

size spectra (I) .Ol lzm to ‘.20.0~m diameter) were acquired by combining the

data obtained with three different instruments: an Electrical Aerosol
Analyzer (EAA) for sizes O.O1-0.7SMm; a Royco Optical Particle Counter for

- sizes 0.3km to >3.0~im; and a Caispan-built impactor for gelation replication

of aqueous aerosols of 1.0 to >30ijm diameter. In addition, total particle

concentration was monitored with a Gardner Small Particle Detector , and

• measurements of cloud condensation nucleus (CCN) activation spectra were - —

obtained with a Caispan-built, static thermal diffusion chamber. These data

are presented and discussed within this Section, and logs of the numerical

[I values of these data are provided in Appendices D through H.
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Figure 9: Frequency Distribution of 20 km (H3urly) Sea Surface Temperature
Changes Observed During the Transatlantic-Mediterranean Cruise of
May-June 1977
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2.21 Aerosol Size Spectra, 0.01 to 3i.Lm Diameter

Concentrations of small and large aerosols as functions of size and
time for the Atlantic and Mediterranean portions of the cruise are shown in

Figures l0a and b, respectively. The plotted data are the concentrations of

aerosols of sizes greater than the indicated diameters: i.e., >0.OllIm ,

>0.lijm , >0.3ijm, >l.2jjm, and >3.0~jm. The data for size ranges >0.01 and

>O.lpm were obtained with a TSI Electrical Aerosol Analyzer, and for the
size ranges >0.3Mm, a Royco Optical Particle Counter was utilized. The data

shown are hourly values, and a log of the numerical values of these data is
provided in Appendix D.

Comparison of Figures lOa and b with Figures Sa and b reveals, as
expected, that the smaller particles (i.e., 0.01-0.lpm diameter) exhibited

trends similar to those of total aerosol concentration. Minimum values of

30-300 cm 3 were observed in the mid-Atlantic from ‘~.0800 on 20 May to ‘~0000

on 25 May, having decreased from maximum values of 5000-30000 cm 3 along the
New England-Nova Scotia coast. Note that the decrease in concentration of

aerosols >0.lijm diameter began early on 18 May--fully 24 hours pr ior to the
observed decrease in total particle concentration--paralleling the dramatic

improvement in visibility (Figure 5a) observed at that time .

On the other side of the Atlantic , concen trations of the smaller
particles increased simultaneously as visibility degraded , from minimum
values beginning on 25 May to ~60O0cm

3 early on 28 May near the Spanish
coast. In the Mediterranean, the concentrations of aerosols<0.lum diameter

were found to be 500-3500 cm~
3
, with maximum values observed after 5 June.

Comparisons of aerosol data presented in Figures 5 and 10 suggests
that, for the most part during the cruise, the observed aerosol size spectra

did not extend to sizes smaller than O.0l~iu. Further, the data shown in

Figures lOa and b indicate that throughout most of the mid-At lantic and to
within 30 km of the Portuguese coast nearly all of the observed aerosols were

larger than 0.l~m diameter.
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A plot of total particle (Aitken) concentration vs. accumulative

particle concentration for sizes >0.0l~m (EAA data) presented in Figure 11

serves as an instrument comparison and vividly demonstrates the relationship

between the two sets of data. The data in Figure 11 are separated into

three groups : along the North Ameri can coast fr om 15 May to 1200 GM~ on
20 May; mid-At lantic , 1200 20 May to 0000 on 25 May ; and from 25 May off the

European coast to 7 June in the Mediterranean . The comparison in Figure 11

suggests some divergence from a 1:1 relationship only in the data for the

New England coast and the mid-At lantic. This divergence may be instrumentation-

related. The Gardner may underestimate at higher concentration due to vapor - 
-

dep letion effects, while the EAA will underestimate at low concentration , a - -

problem associated with “push ing” the lower limit of design feastures.

The data plotted in Figure 10 show that trends in the temporal !

spatial variation in the concentrations of larger aerosols (i.e., 0.3-3 Ojim

diameter) were not as dramatic as, and in some instances dissimilar from,

those of the smaller particles. Concentrations of larger particles increased
• -3from 2 to 40 cm with time from 16 to 18 May along the New England-Nova

Scotia coast and then decreased rapidly (as did all aerosols >0 .liim diameter)

beginning at about 1200 Gl’fl’ on 18 May as the ship moved away from land. Note

that the trends in the concentration of aerosols >0.3~im nearly paralleled

changes in measured scattering coefficient (see Figure Sa) during this period. 
- - 

-

In the mid-Atlantic , concentrations of particles >0.3pm di ameter

fluctuated be tween ~2 and 20 cin 3, with spatial/temporal variations , aga in
apparently correlated with variations in scattering coefficient.

Beginning about 0000 on 25 May, increasing concentrations of aerosols

of 0.3 to <3.0~im diameter were observed with proximity to the Portuguese coast .

The nearly monotonic increase in these “large” particles from values of “~3 ci~
at 1200 km offshore to ~60 cm

3 
at 30 km from the coast was accompanied by a - -

simultaneous, marked increase in scattering coefficient (and decrease in - -

visibility). Smaller sized aerosols also increased in concentration during - -

this period , but “giant”-particle (i.e., those >3.0~m diameter) concentration - -

did not begin to increase until early on 27 May. The dramatic increase in

30
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“giant” particle concentration beginning about 0000 27 May was accompanied j 
- 

—

by an equally dramatic decrease in visibility.

In the Mediterranean, concentrations of the larger aerosols
exhibited much less temporal/ spatial variation than was observed in the
Atlantic.  Typical values of particle concentration at sizes >0.3~im ranged
from 7 to 30 cm 3; at sizes >3.0~im diameter, observed concentrations ranged

from ‘~0.04 to 0.15 cxn 3. Except for two brief periods--early on 3 June - 

-

(when aerosol concentration increased and visibility decreased) and late on • -

5 June (when aerosol concentration decreased and visibility improved)--in the

Mediterranean , l i t t le correlation was observed between fluctuations of
aerosol concentration and visibili ty.

The apparen t correlation between fluctuations of large aerosols - -

(i.e., >0.3gm diameter) and visibility is vividly demonstrated in Figures 12.

In Figures 12a , b and c, respectively, aerosol concentrations at sizes >0.liim ,

>0.3iun and >l.2iim diameter are plotted as functions of observed scattering

coefficient (visibility). The plot of measured visibility vs. concentration

of aerosols of >0.3i.~m di ameter (Figure 12b) shows that fluctuations in

visibility were best correlated with changes in the concentration of aerosols

>0.3km. In the Figure , the Atlantic and Mediterranean data are distinguished
by separate symbols , and the data show that in the Med iterranean, for comparable
aerosol concentrations (>O.3~m diameter), visibilities were lower than observed

in the Atlantic. Assuming sea salt aerosols for the Atlantic data (see

Section 2.3), the differences in visibility are at odds with observations and

theoretical considerations by a number of previous authors (e.g., Ref. 11 or

12) if a mixed natural aerosol is assumed for the Mediterranean data. How-

ever, if the Mediterranean aerosols were composed chiefly of such common
salts as CaC12, MgC12 or H2S04, then the observed result would be expected
(Ref .  11) . As will be described later in Section 2.31 , a substantial fraction
of the Mediterranean aerosols were composed of combinations of Cl, Ca , and S

in the absence of Na.

- H
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A lack of any correlation between total particle (Aitken) concen-
— t ration and visibility (see Appendix D) represents a departure from previous

observations acquired off the coast of California (Ref. 9).

2.22 Giant Aerosols and Sea Spray

During the cruise , observations of giant , ‘sea spray ’ aerosols
were obtained from the how of the HAYES using Calspan ’s aqueous-aerosol

sampler. The sampler is an impaction device employing gelatin replication

to obtain permanent replicas of the droplet population at sizes >1.OMm diameter.

Analyses require tedious microscopy, but the technique prov ides rel iable data
which are unavailable by other means. Previous studies (e.g., Ref. 7) have

shown that these aerosols are responsible for a significant fraction of

observed visibility restriction in the marine boundary layer, especial ly t -

under condi t ions of high relative humidity. Acquisition of sea spray size

spectra data was initiated in the mid-Atlantic on 25 May, and data were
obtained at infrequent intervals (‘~d-4 times daily) thereafter, depending on

other experiment activities; in all , 26 samples were acquired during the
latter half of the cruise.

Droplet size spectra derived from analyses of the sea spray

samples may be found in Append ix E , and concentrations of sea spray drople ts
at selected size intervals are plotted as functions of time for the period

25 May to 7 June in Figure 13. Data are presented in Figure 13 for the

size ranges -‘-20gm, >l0~m , >4.0gm , and >l.0~m diameter as derived from the

sea spray samples and, for comparable times, the size ranges >0.lpm and

~0.0lpm diameter (EAA data). Comparison of data in Figure 13 for size

ranges >1.0 and >4.0km with Royco data for similar size ranges shown in

Figures l0a and b reveals remarkably good agreement between aerosol concert-

tration values measured by the two different instruments.
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In a previous study of sea spray by these authors (Ref. 7) on an
offshore platform in the Gulf of Mexico , the sea spray size spectrum , as mani- H
fested by visibility calculated from the size distribut ion , was found to be
strongly dependent on relative humidi ty, wind speed and wave height. For the L -
current data set, relative humidity ranged only from ~60 to 80%, and no -

correlations were observed between sea spray droplet parameters and relative 
- 

-

humidity. Likewise , comparisons of sea spray parameters and wind speed were
devoid of correlations. However, sea spray droplet spectra parameters were

found to be correlated with crest-to-trough wave height. These comparisons

are presented in Figures 14 through 18.

In Figure 14, visibility calculated f rom the absolute , ‘sea spray ’
droplet size spectrum (>l.Otjm diameter) is plotted against crest-to-trough 

-

wave height. While there was considerable scatter in the data (‘~-. a factor - -

of 3-10 in visibility for a given wave height), the trend is clearly evident. -

A second order least squares fit to the data shows good agreement with - -

previous data obtained in Gulf of Mexico (Ref. 7). Similar correlations with

wave height for liquid water content and concentrations of droplets at various 
- -

size intervals show comparable scatter. These data are presented in Figures 15 
-

through 18, respectively.

2.23 Complete Aerosol Size Spectra and Junge Distributions

The acquisition of the previously discussed sea spray size data

(Figure 13) permitted the extension of our measured aerosol size spectra

upward from the range < 3.Oum diameter (available from the EAA and Royco
instruments) to sizes greater than 20gm diameter. Two examples of the

absolute size spectra as determined by the three instruments are displayed in

Figures 19a and b, and the accumulative size spectra for these two examples - -

are shown in Figures 20a and b. The complete set of 24 aerosol size spectra, -

corresponding to 24 sets of ‘sea spray’ data is provided in Appendix F. ••

The data shown in Figures 19a and b display extremely good overlap

in the respective size ranges of the three instruments. The Royco data 
.1

exhibited the most scatter, and this is thought to be a result of the optical 1.
scattering principle of the instrument. Optical scattering is dependent on

li
38 
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both particle composition (index of refraction) and particle shape , both of
which very likely deviat e in the real world from the factory calibration with
latex spheres (index of refraction ~.1.6) . During the cruise, th e smaller
particles were probably anything but spherical , and index of refraction could I - 

-

have varied from >1.33 (pure water) to 1.52 (dry calcium chloride) , 1.53 (dry
ammonium sulfate) , 1.54 (dry sodium chloride), 1.57 (dry calcium sulfate) , I
or between these values and that of water for wet particles (see Section
2.3). (

Accumulative aerosol size spectra were derived from these data,

ignoring the Royco values, and the accumulative spectra for the data shown in

Figure 19 are shown in Figures 20a and b. These spectra have been fitted with 
- 

- -

Junge distributions whose constants Beta and C are also provided on the figures .
Similar plots for the entire set of complete spectra may be found in Appendix F.

The Junge distribution can oft en be used to closely describe the -

size distribution of atmospheri c aerosols of radii >O .lum. The distribution -

may be expressed as -. -

dN/ d log r = c r~ (1) - I
where dN is the number of particles per cm3 in the size range d log r , and 

- -

B and C are constants for a given distribution (Ref. 13 and 14) . Taking the
logarithm of (1) results in a linear expression , (2) , having slope, -B, and 

- 
I

intercept, log C.

log (dN/d log r) = log C -B log r (2)

The aerosol measurements obtained from the Transatlantic-Mediterranean - .

cruise represent values of dN as a function of d log r . Hence , log (dN/d log r)
and log r are known and B and C may be found via a linear least squares fit 

-

of (2) . Using this procedure , values for B and C were computed for each
measured aerosol distribution. The 24 Junge distributions thus derived are

48
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I plotted together in Figure 21. This presentation shows that the Junge
distribution changed from the Atlantic to coastal Europe to the Central
Mediterranean.

The constants , B and C, and the slopes (0.5 to 5.Oi.uu diameter) of
the Junge distribution s were averaged for four portions of this part of the
cruise: Atlantic (25 and 26 May), Coastal Europe (27-31 May) , Western

- 
Mediterranean (1-3 June), and Central Mediterranean (4-6 June) . The
averaged Junge distribution parameters are presented in Table 2. Given a
single point measure of aerosol concentration between 0.5 and 5~im diameter,

- - Table 2: Junge Distribution Parameters Averaged for

- Four Portions of NRL Cruise 77-16-04
Slope

8 C (0.5-5.0~ia dia.)

Eastern Atlantic 3.28 1.09 -2.84

- 
Coastal Europe 2.30 6.20 -6.21

- 

Western Mediterranean - 2.20 3.99 -3.67

Central Mediterranean 2.22 6.94 -6.31

one may be able to derive the complete aerosol spectrum for these areas
under similar meteorological circumstances .

2.24 Cloud Condensation Nucleus Activation Spectra

During the Transatlantic-Mediterranean cruise of May-June 1977,
- approximately 90 observations of cloud condensation nucleus (CcN) activity

- 

spectra were obtained. These measurements were acquired with a Calspan-
built static thermal diffusion chamber at supersaturations ranging from —

Hi 49

Li - 

-_ _ _ _ _ _  ---5-—,-—- -

- 

--
~~~~~~~~~  

- - -
~~~
——  -- —

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~ 
5-



_ _ _ _ _ _ _ _  

- -i_li —

~~~~~j~3
I T 4 I 4 v i , , . I 

‘ — .

i~
2

•

1 1045 , 25 May 11
A - 2 l4l0, 25 May

3 0740, 26 May - - -  -

ch in—I 4 1345, 26 May
— 5 1015, 27 May 18 -

6 1230, 27 May
7 1 450, 27 May -

° : 8 2130 , 31 May
9 09l0, l June -
10 1415, 1 June 17 --

~ 
11 1920, l June -.

~ 
12 1340, 2 June 22
13 1135, 3 June --

: 14 1335, 3 June
15 2130, 3 June
16 0645, 4 June 20 -

• 17 0840, 4 June
18 1410, 4 June
19 2010, 4 June 15
20 0430, 5 June 21
21 0840, 5 June 1
22 1435, 5 June 4~ -

23 0450, 6 June 23 ‘
~~ 17 

:
• . 24 1250, 6 June -J - - I

4 12~~~ 
-

p p p & • _*~ i p p s . £ £ I I  

- 

I

Jff 1 PARTICLE DIAI’ETER (~~) 101 i ~Figure 21: Junge Distribut ions for the 24 Complete Aerosol Spectra
Measured During NRL Cruise 77-16-04

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



I
I 0.2% to l.0%*. The complete set of activity spectra** are provided in

Appendix C, and inferred C~N concentrations at discrete supersaturations as

I functions of time may be found in Appendix H. CcN concentrations at 0.2% S

and Aitken nucleus concentrations at comparable times are plotted as func-
tions of time for the Atlantic and Mediterranean portions of th e cruise in
Figures 22a and b , respectively.

Comparison of CCN data in Figure 22 with aerosol data presented in 
- -

Figure 10 reveals that concentrations of CCN active at 0.2% S followed trends
similar to those of aerosols of size > O.l M m diameter. Absolute CCN concen-
tration at 0.2% S fell between the values observed for aerosols >0.liini and
>0.3~m, closely approximating the concentrations of aerosols >0.liim after

19 May. The close correlation of CCN , particularly at 0.5% S, with aerosols

- 
L of size >0.1 is demonstrated in Figure 23 and appears valid for the mid-Atlantic
--  European coast and Mediterranean data.

In Figure 24, total nucleus (Aitken) concentration is plotted as a
— function of the simultaneous concentration of CcN active at 1.0% S. Pre-

viously reported CCN observations off the coast of California (Ref. 9)
indicated that most of the aerosols observed at that location were active

at 1.0% S--a result reported for marine air masses by a number of previous

-~ investigators (e.g., Ref. 17). However, the extent of departure from a 1:1

relationship, as revealed in Figure 24 suggests that a 1:1 relationship is

not always the case; and, therefore, that there are, at times, differences in

the production mechanisms for, or sources of, Aitken nuclei and CCN, even
in the remote marine boundary layer.

I

*According to theory and experimental evidence (e.g., Ref. 15), C~N active
at 0.2 and 1.0% S correspond to particles of ‘~.0.075 and O.02S~m diameter(dry size), respectively.

**
- I These data have not been corrected for vapor depletion and sedimentation

effects (Ref. 16).
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The C~N activity spectra were grouped and averaged for seven portions
of the cruise: 15-18 May along the North American coast; 19-20 May; 21-24 May

in the mid-Atlantic; 25-27 May approaching the European coast; 30 May - 1 June -

in the Gibraltar area; and in the Mediterranean for 2-4 June and 5-7 June 1977. - -

The average C~N spectra are presented in Figure 25. It is readily seen that 
-

the me an CO~ spectra differed chiefly in absolute magnitude of the respective
aerosol concentrations. Highest concentrations were observed in the central

Mediterranean , and lowest concent rations were found in the mid-At lantic. The
spectra observed on 19-20 May were apparently ‘transitional’ between the aerosol r - -

observed along the coast and those observed in the mid-Atlantic. These spectra

fall within the limits of data observed off the coast of California (Ref. 9) -

during CEWCOM-76--i.e., neither as low in concentration as was observed there in

clean (natural) marine air nor as high in concentration as was observed along 
-

the coast near Los Angeles. Further, the C~N activity spectra of the Atlantic

and Mediterranean were not as steeply sloped , being compr ised of higher concen-
trations of aerosols active at lower supersaturations than those observed at 

- -

sea off the West Coast. Even mid-Atlantic data exhibited higher CCN concentra- 
-

tions at low SS than are typically observed in clean marine air off the West - -

Coast.

Comparisons of CcN concentrations active at 0.2% S and 0.5% S with
measured scattering coefficient are presented in Figures 26a and b, respec- -

tively. Although considerable scatter (a factor of 3-4 in CCN concentrations)
in the data is obvious, it is evident that better correlation is with CCN active

at 0.5% S. Off the coast of California, better correlation was observed with
CQ~I active at 0.2% S (Ref. 9). The envelope for a portion of the Eastern

Pacific data is sketched in Figure 26a. Comparison of the two data sets

again reveals a departure in the Atlantic/Mediterranean data from observations

• off the Coast of California.

2.3 Chemical Composition of Boundary Layer Aerosols -

During the May-June 1977 Transatlantic-Mediterranean cruise, samples 
- -

of atmospheric aerosols were collected nearly continuously, weather and winds
permitting, for subsequent chemical analyses. The collections consisted of
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hi-vol samples on both 10 cm diameter Tissuquartz* and 37 mm Fluoropore** -

• 
-

teflon-membrane filters and cascade impactor (Battelle type, Ref. 18) samples

on cellulose acetate proprionate substrate. The hi-vol samples were earmarked

for bulk aerosol chemistry via wet-chemical and wave dispersive x-ray fluor-

escense (XRF) analyses, and the cascade impactor samples were reserved for
compositional analysis as a function of particle size via energy dispersive
x-ray in Calspan’s Scanning Electron Microscope.

Aerosol samples were acquired from the Flying Bridge at a height

of %18m above the sea surface, and a great deal of care was taken to ensure
that samples not be contaminated by ship ’s exhaust and environment or by sea
spray; any obviously contaminated samples were discarded. The hi-vol

samplers were operated at a flow rate of ‘~.2.5 m
3 hr 1 for sampling periods of

from 1 to 29 hours. The cascade impactor was operated at 12.5 1 m:in~~ for 
- - 

-

1 or 2 m m .  In total, 12 hi-vol and 35 cascade impactor samples were

acquired. Results of analyses of these samples are presented and discussed 1 -.

within this section.

L
2.31 Bulk Aerosol Chemist~~

Hi-vol samples of ambient aerosols were obtained during the May- 
-

June 1977 cruise at the locations depicted in Figure 27. Acquisition of

samples was severely limited due to long periods of following winds experienced

during the cruise. (During periods of following winds , the ship was frequently

turned into the wind for brief periods--up to 1 hour--long enough to obtain

measurements of other variables but not long enough to obtain adequate hi-vol

samples.) Two types of filter samples were taken during each indicated time

Corp., No. 2500 QAO [I

Millipore Corp., No. FHLP-037-O0

60

L — ~~~~~~~~~~~~~~~~~~~ - - - _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - - -- - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~



- --- - - -~~~ — - -5-5-~~~~ -5-- -5- ----
~~~~—- --. - -- - --- - -- 5- -5- - — - - - -

~~~~~~~~~~
-5-5-

7~~ 7~>/ ,>K\ 
- 

- 
-
-

N ~ ‘j  
~~~~~~~~~~ x-~ ~~~~~~~~~~ ‘7

~
’
1 ~~~ :•‘ P ~~~~~~ ‘~ 

-
‘ 

- 7I ~~~ /~
—

~ / ~ J ~ ,~~~~~~~~~~~~~~~~ So \~:-~ -7

‘— ~~~~~~~~~~ 
_
\ 

-

- N
-~

/ - 
~~~~~~ ~~~~~~~,•.-

.
- I-

—, ~~~ 4 ~~~~~~~~~~ - 0
— / 
, ~~~~~~ ,‘ - z

‘N I 2 - - 4)
/ - N 

,._-\ 
~~~~ ‘ 

~jtk-~ 
- ,  

‘a

\
\ d~~

’
~
’ ‘\

~ R ’ cn 
\ 

-

‘\ 
- 

II~ 
‘.,: ~~

- -~

- - 
/ .

~
‘ / N-- .  - 

-‘ 4 N~~ f~~jj~~ ~~~~~ /
/ ~~~~

• d ~L~(;-
.
~j 1~~~ 

/ — Q.. Cl)
\ 

\ -
~~~~~~~~

-

- ~1—4 ~~~ -/ / ~~~~Wj

\ 
0 

~~~~~~~~~~~ 
(N I

4)
‘ ‘s -. — / N-O

- 
~~~~~~~~~~~~~~ 

r i  ~~~~
\ —‘ 

- 
— o/ N- <

- - ~~~~~ N->

4 \  ~~~~~~~~~~ S ,/

\ --7 N _J

‘D : N. W

_ _  

-

— 5- 



period: TissuquarFtz and teflon membrane (0.5jim pore diameter). The Tissu-

quartz filters were analyzed for soluble sulfate (SO4~~) via the barium

chloride to barium sulfate turbidimetric * method. Total elemental analyses

for Cl, S, K, Mg, Ca, Al , Si , Fe , Mn , and Na were performed on the teflon-
filter samples by wavelength-dispersive X-ray fluorescence (XRF) at the

Environmental Protection Agency ’s (L ~PA) National Environmental Research

Center at Research Triangle Park (RFP) , NC , and the assistance provided by

J.L. Durham of EPA’s Atmospheric Chemistry and Physics Division at RIP is
gratefully acknowledged. Results of the analyses of the hi-vo l fiLter

samples are presented in Table 3.

The data presented in Table 3 in general exhibit trends consistent

with previously discussed aerosol parameters. With the exceptions of Cl and

Na, highest concentrations of the various chemical constituents were found

off the North American coast (15-17 May), off the European coast (25-27 May) FT
and in the Mediterranean (31 May-6 June). Lowest airborne elemental concen-

trations along with lowest aerosol concentrations (see Figures 5, 10 and 13) - - 
•

were observed in the mid-P~tlantic (19-24 May). Lowest C1 and highest SO4~~
concentrations were observed along the coast of Europe and in the Mediterranean.

Elemental S values observed in the mid-Atlantic approach background values of

0.2-0.4pg m reported for the Northern Hemisphere by a n umber of authors
(e.g., Ref. 19).

Gaseous sulfur dioxide (SO,) conversion to particulate sulfate

(S04 ) processes are thought to be catalyzed by the presence of certain

heavy metals in aqueous solution droplets (e.g., Ref. 20 and 21). Others have

pu- tulated that SO
2 oxidation rates increase in the 

presence of NaC1 in solu-

tion droplets (thereby releasing chlorine to the atmosphere) present in the

*“Standard Methods for Examination of Water and Waste Water ” , 14th Edition
(1976) , p.493 , American Public Health Assoc., Washington, DC 20036.
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high humidity marine atmosphere (e.g. ,  Ref. 9 and 22) . The XRF analyses
allowed the quantitative determination of the trace concentrations of the

suspected heavy metal catalysts, Mn and Fe. Results of these analyses are

summarized below for the four general areas of the cruise. As expected,

Average Concentrations (pg/rn3) of Heavy Metal

Catalysts as Functions of Location During the Cruise

No rth American Coast Mid-At lantic European Coast Mediterranean

Mn 0.01 0 0.02 0.02

Fe 0.50 0.02 0.06 0.10

the lowest concentrations were observed in the mid-Atlantic. While the data

do not necessarily imply a cause and effect, inspection of Table 3 reveals
that, in general, higher values of SO~~ were associated with higher values

of heavy metal catalysts and lower values of Cl.

Averages of the hi-vol data for the above-mentioned four general

areas are compared in Table 4 with averages of data obtained by Calspan

elsewhere in studies of the marine boundary layer. It is readily apparent

that the mid-Atlantic values of all constituents were lower than those

observed elsewhere (except for Cl off the coasts of Nova Scotia and Europe
and in the Mediterranean). Coastal-area concentrations of most constituents

exhibited comparable values for the different locations. It must be

recognized, however, that these data were observed under specific meteorological

circumstances and that they do not necessarily represent typical conditions.

The ratio of the concentration of elemental constituents to that of

sodium in ambient aerosols in the marine boundary layer, when compared to that

of sea water, provides a useful indicator of the continental or maritime

characteristics of the aerosol. For example, the sodium ratios for Al and Si
in bulk sea water are extremely small (i.e., ~~~~~ and any detectable airborne

quantities must be attributed to continental sources. The sodium ratios for

1 64 
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the data presented in Table 3 are tabulated in Table 5. The observed sodium -

ratios are compared against those of sea water to produce enrichment ratios - -

(factors) which are tabulated in Table 6. The enrichment ratio (E) is

simply the sodium ratio of an element (X) in a sample divtded by the sodi um

(x/ N ) sample
E(x) a

(X/ Na) sea water

ratio of sea water for that species . If the sample is pure marine (sea salt)
aerosol , the enrichment ratio is 1. (Due to limitations and inaccuracies -

imposed by sampling conditions, sample handling, trace ambient concentrations, - -

filter background and analysis procedures, values ranging from ‘i..O.7 to 1.5
may be considered as pure marine.) . -

The analysis presented in Table 6 suggests that , averaged over the -

time periods for the respective hi-vol sample, pure marine aerosols (sea

salt) were not observed at any time during the cruise. The closest approach - .
to pure marine aerosol was encountered off Nova Scotia and into the mid- 

- 
-

Atlantic 17-21 May. During that period, enrichment ratios of all elements

were closest to 1 than at any other time during the cruise. However , even
in the “cleanest” air observed during the cruise (i.e., in the mid-Atlantic; 

-

see Figures 5 and 10) when E values for Cl, K and Mg were in the range 1.1- -

2.9, large background values for SO4~~, Ca, Al and Si were found. In the -

mid-Atlantic, enrichment factors for Al and Si were at their lowest values
observed during the cruise; but, even there, Al and Si were found, respectively .

in relative concentrations 600-1000 and 300-600 times greater than would be
expected from pure sea salt aerosols. Along the coast of Europe and in the
Mediterranean, the E values were suggestive of anything but sea salt aerosol.

In contrast to these data, samples obtained beyond 100 km from 
- 

-

shore off the coast of California have been found to be composed predominantly
of sea salt aerosol mixed with some sulfate. In coastal areas off the West 

-

Coast, however, enrichment factors for all elements approach those observed

off the coast of Europe and in the Mediterranean.
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I
2.32 Aerosol Chemistry as a Function of Particle Size

Previous studies of the marine atmosphere conducted by Calspan

focused primarily on the microphysics of the marine boundary-layer. On the

CEWCOM-76 cruise of September-October 1976 (Ref. 9), the chemistry of

r individual particulates was first addressed. During that cruise, aerosols

£ were impacted on a variety of substrates (glass, aluminum foil and germanium)

and the samples returned to Calspan for analysis via scanning electron

microscopy (SEM) and elemental energy dispersive x-ray analysis (EDXA). The

- - 
combination of these two techniques allowed (1) visualization of the impacted

particle where size measurements could be obtained and (2) elemental composi-
- - 

tion of particles with specif ic identification of elements from sodium (atomic
number 11) and greater in atomic number.

During the Transatlantic-Mediterranean cruise, samples were acquired

at 35 locations (numbered consecutively as shown in Figure 28) using a six-

stage Battelle cascade impactor. Air was drawn through the impactor at

12.5 1 min~~ (limiting-orifice regulated), and the sample impacted on cellulose

acetate proprionate substrate. The substrate is a smooth, carbonaeous material

devoid of interfering elemental composition. (A phosphorus peak from a

plasticizer in the material is occasionally seen in the x-ray energy spectrum

when count times are long.)

Calspan ’s scanning electron microscope is an ETEC AUTO SCAN with a

working dis tance of 17 mm and a 20 KV electron beam. The energy dispersive

x-ray analysis was obtained on a KEVEX unit with a counting time of 100
seconds. Particle length and width dimensions were measured from the SEM

viewing CRT screen at 6000 magnification . The SEM internal micron marker
with an error of less than 2% was used as a standard length.

Because of the tedious (and expensive) nature of the operation,

SEM and EDXA analyses were performed on only 21 of the 35 available samples .
Guided by the previously discussed aerosol and visibility data (Sections 2.1
and 2.2), analyses were performed on the 21 selected samples in the follow-
ing grouping:
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I 
“1

Cascade Impactor Data Grouping

Group Area Sample Numbers

I North American Coast 1, 2, 3
Mid-Atlantic 4, 5, 6, 7, 8, 9

European Coast 10, 11, 12, 13

I Western Mediterranean 16, 20, 23, 26

Central Mediterranean 28, 30, 32, 34

I
Only slides from stages 4 and 5 of the impactor were examined by

SEM and EDXA. The selection of these two stages allowed for analysis of
individual particles primarily in the size range 0.5-5i~m diameter. As an

i example, SEM photographs for stages 4 and 5 from the mid-Atlantic sample #6
1 (see above) are shown in Figure 29. For each sampling site, 25 particles on

each substrate from both stages 4 and 5 were examined. The particles were

selected objectively from randomly chosen 503Im wide swaths until a total of
50 particles had been examined for each sampling location. Of the particles

I counted, only a few readily identifiable cubic NaCl crystals were seen. The

particles, as shown in Figure 29, were either rectangular, globular, or irregular

in shape. In most cases, the particles were not perfect crystals. The examined

particles were divided into two size groups, based on area calculated from the

length and width dimensions : <l .0~in2 (<‘~l.0~m diameter) and �1.O~m
2 (�l.Opm

diameter). The smallest particles examined were ‘~0.2pm diameter and the largest,
l0.0~jm diameter.

The percentage of particles examined in each size grouping for

r 
each of the 5 composite sampling groups is shown below . The largest fraction

of the examined particles was in the ?l~m size range. Compared to the Atlantic

- samples , a slightly higher proportion of the particles examined for the
Mediterranean were in the size range<1.0~m diameter.

r

I!
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Number of Particles Examined and Percent in E ach
Size Group at Each Sampling Location

Number of Particles Size Groups
Location Examined <1.0~im ~1.Oijm

North American Coast 150 22% 78%

Mid-Atlantic 300 37% 62%

Europe an Coast 200 34% 66%

Western Mediterranean 200 42% 58%

Central Mediterranean 200 40% 60%

Af ter length and width dimension s were measured , the elemental
composition of each individual particle (a total of 1050 par ti cles) was
determined using energy-dispersive x-ray analysis. Examples of the x-ray

— energy spectrum for an individual particle at each of the ind icated sampl ing
sites are presented in Figure 30. In Figure 30, ‘A1 shows the x-ray energy
spectrum for a particle at Site 1 (See Figure 28); ‘B’ from Site 6; ‘C’ from

Site 5; and ‘D’ from Site 23. ‘A’ shows the spectrum for a frequently observed

group of particles which contained no elemen ts of atomic number equal to or
>Na. (The phosphorus peak , P, came from a placticizer in the cellulose acetate
substrate when long count-times were required.) ‘B’ shows an example of a
‘pure’ NaCl particle, thought to be sea salt. ‘C’ shows the spectrum of an
aerosol particle of mixed inorganic salts , heavy metals and silicate composition.
‘D’ shows the spectrum of a particle of mixed compnsition containing only

inorganic salts. From this kind of analysis, it was found that individual

particles could be grouped into five categories according to total elemental

composition:

(1) those with atomic numbers lower than Na;

(2) NaC1 only--sea salt;

(3) NaC1 with minor amounts of other inorganic salts;

(4) inorganic salts without NaC1;

(5) and Si containing compounds.
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The percentages of particles found in each of these five composition

groups for each of the individual sampling sites are plotted in Figure 31,

schematically as function of location during the cruise. The average per-

centage values for each of the five composite sample groups are plotted to the

right of the figure. Inspection of the data reveals a dramatic shift in

particle composition from the Atlantic to the Mediterranean. Off the coast of

North America and in the mid-At lantic, the percentage of particles which were
comprised solely of sea salt (NaCl) averaged 80% and 65%, respectively. Note

that these data correspond well with hi-vol data in Tables 3-6 which show that

aerosols sampled off North America and in the mid-Atlantic more closely

resembled sea salt than those sampled elsewhere .

In contrast, along the European coast and in the Med iterranean , the
percent of NaC1 particles dropped to ~25%, while the percentage of inorganic,

non-NaC1 salts increased ultimately to an average 40-50%. Particles composed

of Si and those of elemental composition <Na in atomic number both peaked along
the European coast at values of 14 and 33%, respectively. These data are,

qualitatively , also in good agreement with analytical analyses of hi-vol data

presented in Section 2.31.

A summary of the distribution of chemical composition as a function

of particle size is presented in Table 7 an d i l lus trated grap h ical ly  in
Figure 32. In both Table 7 and Figure 32, the percentages of particles of a

given size group (i.e. <hi m or ?l~im) are presented as functions of composition

for each sample group of the cruise. From these data, it is obvious that the

Si and mixed NaC1 and non-NaC1 salts were aerosols of >l .Oijm in both the

Atlantic and the Mediterranean. The proportions of the aerosol population,

for the two size ranges, comprised of ‘pure’ sea salt aerosols and non-NaC1
salts were similar, respectively, and the dramatic shift in particle composi-
tion from the Atlantic to the Mediterranean was observed in both size
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r Table 7: Percent of Particles In Each Size Category as

Functions of Composition and Sample Locati~a

‘
1-:

North
American Mid-- Europe. West Central

Coast Atlantic Coas t Mediterr . Mediterr.
- - <l .O~i ~l.0~j -

~ l.O~
j ~1.0j~ < l.0~ ~l.0ij <l .Op ~l.Oi~i <l.O~i ~l.Jp

e~ a 0% 1% 19% 10% 71% 14% 30% 17% 23% 7%

NaIl 91% 79% 65% 66% 18% 24% 23% 31% 23% 20%

Na(.1 ~ other 5% 12% 3% 16% 0% 27% 0% 9% 5% 10%

t)ther salts 5% 5% 14% 5% 9% 15% 42% 33% 43% 55%

Si 0% 3% 0% 3% 3% 20% s% 10% 7% 8%

s~ tegoi-ies. Aerosols comprised solely of elements of <Na in atomic number
W ( ’)-C j-’iiinarily in the size range<l~m. These aerosols of elemental coinposi-
t icn - Na were found in their highest relative proportions along the European
coast and in the Western Mediterranean, accounting for >70% of the particles
in the size range < 1~m observed along the European coast.

..33 Discussion

The differences in the chemical species comprising the aerosol popu—
1 s t ions, respectively, of the Atlantic , Coastal Europe and the Mediterranean
sugge’- t significant implications in terms of response to changes in relative

humidity and to effects on electro-optical propagation, depending on the com-
positional combination of the observed elements. The individual particles of the
aerosol population sampled during the cruise were grouped into five broad

~ompositional categories and these are discussed in this Section.
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Chemical Species Composed of Elements of Atomic Number Less Than Na

There are ten elements of atomic number less than sodium which could
make-up the particulates containing only those elements. 1-lowever, only four of 

—

those have a high probability of being found in the atmosphere: H, N, C, 0.

There is a good probability that these particles were organic in nature, their
sources being either combustion products, photochemical processes, or natural

continental material (i.e., humic acid).

If the particles are inorganic, then a cation and an anion combina-

tion must be formed from those four elements. The only logical cation formed

from H, N, C and 0 in the atmosphere as a particulate is the animonium ion (NH4~).
It is unlikely that the hydrogen ion would combine to form a solid inorganic
particulate. There are several combinations of C, N , 0 and H which may form
inorganic anions, the most likely of which are NO3 and C03 .  It is unlikely,
however, that ammonium nitrate was the primary aerosol, since it sublimes under
the evacuated conditions of the SEM and wouldn ’t have been detected as a particle.
The possible cation and anion combinations for this group of aerosols are as
follows:

Potential Cation and Anion Possibilities for Particulates
With Elemental Composition Less Than Na in Atomic Number

Cation Anion

Organic Organic

NH~ NO2

NO3

HC03

CO3

These particles comprised up to 33% of the ambient aerosol burden (and >70% of

those 0.2-1.0 pm diameter) in the reg ion along the European Coast. Elsewhere ,
except along North America , these particles accounted for ~20% of the total (in

the measurable size range >0.2pm diameter) . The lack of available inorganic

ions, leaves the strong possibility that these aerosols were organic material.
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Particles Composed Solely of NaCl ( I

A second categorization of the aerosols observed during the
cruise were those composed solely of NaCl. In general, these particles were I ~

- 
-

cubic in shape, but a few round, globular particles were also found. These 
- -

particles are thought to be sea salt aerosols whose other major constituents
are at least an order of magnitude lower in concentration and hence did not

show up in the x-ray analyses (e.g., Fig. 30b).

Mixed Aerosols Composed of NaC l and other Inorg anic Salts - 1
- The thi rd chemical classification contained particles that were

primarily NaCl with a small amount of co-precipitated inorganic salt. The = i 

- 
-

relative amount of inorganic salt that was observed co-precipitated with j!

NaCl was always less than 10 percent of the amount of NaC1 present, based on - -

the Cl x-ray peak.

Table 8 illustrates the elemental composition for each of the - -

particles examined which were foun d to have co-precipitate inorganic salt -
!

with sodium chloride. In the table, the number of particles observed of 
- -

specific elemental composition (in addition to NaC1) at each sampling location

is shown. For these elemental combinations, there are four probable ionic
species: SO4~~, Ca

’4, K’ and Mg
4
~. As shown by the data, S was the most 1 ’

common co-precipitate, and a combination of S and Ca was the most common -

mixture associated with MaCI. The data show that the elemental admixtures to )

~aCi were uniformly distributed over the Atlantic and Mediterranean.

Aerosols Comprised on Non-NaC l Inorganic Salts I -

The fourth chemical classification of aerosols observed during the ii
cruise was that of inorganic salts which did not contain NaCl. These particles [1

were found to comprise -~.l0% of the aerosol population in the Atlantic but 40- -

50% of those sampled in the Mediterranean (See Figures 31 and 32). Table 9

k 
_ _ _ _ _  
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Table 8: Number of Particles of Mixed Composition Containing NaC1
Plus Other Inorganic Salts as Functions of Elemental

Composition and Sampling Location

Sampling Sites

North

~~~~~~tions 
American European Western Central

In Addition Coast 
- 
Mid-Atlantic Coast 

— 
Mediterr. Mediterr.

to NaC1 1 2 3 4 5 6 7 8 9 10 11 12 13 16 20 23 26 28 30 32 34

S 1 1 8 1 1  1 2 1  5 1 1

S, Ca, K 1 2 1 1  1 1 2

Ca 2 1

Si, S 1

Si 1 1

S, Ca 4 1 8  1 10 6 1 1 4 4 1

S, Fe 1

S, Ca, K, Mg 2

Ca, K 1

S, Fe, Ca 1

illustrates the number of particles of each elemental composition found at each

specific sampling site. These data exhibit two major groupings of salts. The

first group was found in the mid-At lantic, along the European coast, and through
most of the Mediterranean. This group consisted primarily of particles which

contained only Ca and/or S (e.g., Figure 30d). The candidate chemical species

containing only Ca and elements of <Na in atomic number is probably limited to

CaO , CaCO3 (calcite) or Ca(N03)2. Particles which contained only elemental S

were very likely animonium sulfate (NH4) 2S04 aerosols since the ion is the

only available cation from the group of elements of <Na in atomic number.
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Table ~: Number of Particles of Non-NaCl Inorganic Salts of
Indicated Mixed Elemental Composition as Function of

Sampling Location

Sampling Sites

North - 
-

American European Western Central
Element Coast Mid-Atlantic Coast Metiiterr. Mediterx-.
Combinations 1 2 3 4 5 6 7 8 9 10 11 12 13 16 20 23 26 28 30 32 34

S,Ca,Na 1
S,Ca,K,Cl 1
Ca,Cl 1 

- 
1 2 1

Al 1 1
Ca 1 1 1 4 1 4 1 1 8 1
S 3 3 2  1 7 111 910 1 4 1
S,Na l 1 7
S,A1,K,C1 - 1
Fe,Cl 2 1 1
Al,Cl 1 1
S,K 1 1 1 1 1 L

S,Fe JC 1 
- -

S,Cl,K 1
K,Cl I
S,Ca Cl - 1 1 4
S,Ca 1 1 5  1 1 3
S,Cl 3 4 1 1 2
S,Fe,Cl 1
Cl 4 7 1 27 816 12 - ,
S,Fe 3
S,Fe,Ca,Na 1
S,Ca,K 1
S,Fe ,Cl,Cr 1 

1 1

The second group of particles, found primarily in the Mediterranean
samples were inorganic salts containing combinations of S and Ca S and Cl, and
Cl alone. Possible species for these groups of elements include mixed aerosols
of (NH4)2S04, Ca(N03)2, CacO3 and NH4C1. Of course, a strong possibility 

- -

- - 
also exists for a combination of Ca and S (observed primarily off the No rth ~I 

-

American coast and in the Mediterranean) in the form of CaSO4, the common sedi-
mentary mineral, gypsum.
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A major fraction of the particulate population found only in the

Central Mediterranean was comprised only of Cl (and elements <Na in atomic
number) . These particles were probab ly NH 4C1. The proportion of this type of
particle increased from the Western Mediterranean into the Central Mediterra-

nean. In the Western Mediterranean, there were 12 particles seen and in
Eastern Mediterranean, 63 particles were observed .

Silicate-Containing Aerosols

The final chemical composi tion group cons isted of particles
which contained the element Si. In all , 40 different elemental combinations

were observed containing the Si elemen t, and these are listed according to —

location of observation in Table 10. Of these 40 different elemental combina-

tions, 31 were seen only at one site each, 6 recurred at two sites, 2 were

sampled at three sites, and one combination was seen at 8 sites . The most

frequently observed Si containing compound (seen at 8 sites from the mid-

Atlantic to the Mediterranean) was pure Si and is presumed to have been Si02.
However, as shown by the presentation in Figure 10, the remainder of the
Si-containing compounds generally were different in chemical composition at

different sampling sites. The most complex of these apparently mixed aerosols

were observed in the Central Mediterranean.

2.4 Discussion and Summary

In summary, analyses of aerosol parameters (i.e., visibility, size

spectra, supersaturation activity, and chemical composition), qualified by

wind and humidity circumstances, suggest that at least four distinct airmass

conditions (in terms of aerosols) were encountered during the Transatlantic-
Mediterranean cruise of May-June 1977. The data from which these conclusions
were drawn are summarized in Table 11. Briefly recapping,

1. Clean marine air, with background levels of continental-

originated material, was observed in the mid-Atlantic (5l°W-22°W
longitude) from ‘~.O80O GMT on 20 May until ~0l00 on 25 May. The 

_ _  
_ _  ~~11I



Table 10: Number of Particles Containing Si as Functions of
Additional Elemental Composition and Sampling Location

Sampling Sites

Element North
Combination American European Western Central
In Addition Coast Mid-Atlantic Coast - 

Mediterr. Mediterr.
to Si 1 2 3 4 5 6 7 8 9 10 11 12 13 16 20 23 26 28 30 32 34

Ca,Fe,Al
Na,Cl,S 1 - -

AI,K 1 - -
SIx 1
Si 1 1  1 2 1  2 4  2
Ca ,Cl ,S 1
Ca,Al 1
Ca,S,C1,Fe 1 1
Ca,SCl ,Na,K i
Ca,S,K ,Cl 1
S,Cl,Fe 2
S,K,A1 1 1
S,K,Al,Fe 3
S,C 1K ,Fe 2
S,Ca,K,Al 1
S,Cl,Fe,t4i 1
S,Ca,A1,Mg 1
S,Ca,Na,C1 1
S,K,Fe 2
S 1
S,Ca,Fe,Al 1
S,Ca,K,Fe,Al 2
S,Ca,Cl ,Ni 1
S,Al 1
Al 1
Na,Ca,K,Al 1
K,Cl ,Fe
S,Ca Fe
S,Ca,Na

1
S.d 2
Fe,Cl
Fe,Al
K ,C1 3
S,Ca,K ,Fe,Cl,Al
Cl,Ca,Fe
Ca,K,Fe,Cl ,A1
p4~
Ca,S,Cl ,Fe,Al
Ca,K,AI

84



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- —

0

—~~~~ ~ 8 8 8  . 0 N~~~~~~~~~ C)~~~~4) 0 ~ r ~ ~ r ~ ~ N- a,
80 -— 0 0 0 ~~ N 0) 0 - 0 ~~ ‘0

5-i
4)

V

o 8 8~ . o s _ a tn~~~~~~~~o o
~~ LI.) 0 • 0 0 0  0 • . 0 0 0 0

~ ‘.0 ~~ N N N 4)) 5I) 0 . . 0) - ‘0
- e L  *~~~$- I I I I I I I * 4 I I ‘$ t~-*0 Il) 0 0 0 0  *1) ~ N- U) 0 0

0 U) . . 0 0 0  .n 0
) 0 5’) N N- .-~ • 0 0 — ~0 4--i C 0  -

~~~~~

V

—
F-i ,
c~~~ s
Z c ~

E 0  0 0 0  U)0) 
~~~~~~ o o 0 0 0 4--) 0

0 - 0 0 00  - -

4-, 0 
~~~ ‘? ‘

~ 
‘? ‘? ‘1’ “

~ 5’ 5’ ~
-

I/) 0 0 0 0 0 0  ‘)  4 - 4 0
444 0) 0~~~ — • 0 0 0  I’) - 0 0  -— 0 0) N- . -

— 0 0
-I--I 0

U
Li

--i t . )
4-)
r 4 C ~ ‘0F-i 0) o O  0 0

.~~~~0 0 0 0 0  0 0 0 0
4 J C ~ . 51) 4 - 4 0 0  . 0 5 1 )0 0- - Q 5-~ 0 — — — ~~ N U) 0 • 0 51) — ~) N U)

0 ~~ 0 I I I I I I I 0 I I U) N — — —5-4 N 0 ~ 01 0 0 0 0 0’ 0 0
F-s O) - 0 0 0  . - 0 0  - 0

H c* N-~~~r — o . ~~ ‘ ‘~~~~~~~

— oU

4) —‘--.
4-I t)

~~ 0 0 0  0’ U) 0 0
‘) N 0 - 0 0 U) 51) - 0 0 ~~

~~~~~~~~~~ ~~~— f I ~~~4~~~ ~ N

< Z  4-- 

~~~~~~~~~~~~~~~~~N
11) 115

4) 5-4
0 0
0 0 0

444 ~~ 40 1.5 0 0 00  0 4 - 4
- 5 1 ) 0 0 0  -o •~~ U 4--I — U) Il l U) 0 0

0 C II) I I S I I I I S I I N — — 5’) N
O W  0 ~ 0 0 0  N U) —
N # 5 N  0 0 0  . 0

0 0 0 0  0 -
0~~~) O  SI) — 0
I h z z

— ~ 0 U) U) ). ‘.11 )-I

4 .  A A A A A A A 
~~~~~~~~ 

Z Z 0 0U)  ~

I §
~~I 0  4.5 0~~~~~~~~4~~~0

C. — — — — ~~~~~0. — —
-— 0 5’) U) O~~ 1 0 1)
.0 ..5 I 1 ) 0 ’ 4 4~~~ - C 0
— IS 0 5 1  U SI

~~~~ ~~
- 

~~~~~
.0 ~~ 0 -~~ U ’—’ < U — A 0

85

I



airmass(es), under northwesterly wind conditions, were character-

ized by visibilities >80 km and total particle concentrations of - -

200-500 cm 3; concentrations of particles >0.ljim were 30-150 cm 3 
-

and CCN active at 0.2%S were found in concentrations of 60-100 
- -

cm 3. Of the particles >0.2~im diameter, ‘~70% were pure NaC1,

10% were NaC1 plus other inorganic salts, 8% were other inorganic
salts without NaCl and 12% were, perh aps, organics . -

2. Prior to that period, the ship encountered modified-marine air, - -

with much higher levels of continental material, along the North

American coast. During the period along the coast from Cape
Cod to Nova Scotia, winds were west-southwesterly , relative -

humidities ranged from 75-98%, and visibilities ranged from
20-80 km. Total aerosol concentration was 5000-20000 cm 3,

while concentration s of aerosols >O.lpm diameter fell between
1000 and 5000 cni3. Of the particles >0.2km diameter, ‘~.8O%

were pure NaCl, 11% were mixed composition of NaC l and other jT
inorganic salts. Evidently, a significant fraction of the
particles <0.2~m diameter were sulfates and silicates (i.e.,
material of continental origin). From ‘~ll00, 18 May to 0800, 20

May, with increasing distance out into the Atlantic and a shift 
-

in wind trajectories to southeasterly (away from continental

sources) , aerosol concentrations and composi tion gradually
evolved to those of clean marine conditions.

3. Beginning early on 25 May at a distance of ‘~l20O km off the 
-

Iberian Peninsula, with southerly winds, aerosol concentration - - 
-

began to increase and visibility began to degrade, in the face

of decreasing average relative humidity. Total aerosol con- ~ . 
-

centration peaked at s~5000 cm
3, and the concentration of

aerosols >0.l1sm diameter increased to ‘UOOO cm 3, after a

frontal passage which brought northwesterly winds late on 26 
—

May. Composition of the aerosol population (particles >0.2jm) 
,
~~
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changed from one of primarily NaC1 in the mid-Atlantic to

that of only 25% NaC1, 17% NaC1 mixed with other inorganic

salts, 13% other inorganic salts, 12% silicates and 33% particles
of perhaps organic material- -suggesting an influence of Coastal

Europe and a modified-continental airmass in agreement with con-

L. clusions of other cruise participants (e.g., Ref. 12).

4. In the Mediterranean, aerosol concentrations and visibilities

were midw ay between values observed off the North American and
European coasts, however, the aerosol consisted primarily of

the heavy metals, Ca, S and Cl. The aerosol population at

sizes >O.2~m diameter consisted of ‘~22% pure NaC1 particles,

8% mixed NaC1 and other inorganic salts, 44% other inorganic

salts, 9% silicates and 17% perhaps organics. The observations,

along with consideration for winds and geography, suggest that

the observed Mediterranean air masses were also modified-

continental, but of a substantially different nature than that

observed in the Atlantic off the European Coast. The data

definitely show that the observed Mediterranean airinasses were

not of marine character.

Comparison of various aerosol parameters of the clean ‘natural’ air

of the mid-Atlantic with data obtained by these authors in clean ‘natural’

L marine air off the coast of California disclosed some important differences in

auiinass and aerosol characteristics. Comparing clean ‘natural ’ marine aerosol

in the two locations revealed that:

1. Total aerosol concentration exhibited similar values in both

locations, but off the West Coast, nearly all those aerosols

were active at 1.0% supersaturation. In the Atlantic, only one-
half of the aerosol population was active at 1.0% S, suggesting

that a significant portion of the mid-Atlantic aerosol burden
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was comprised of smaller, less active particles. However, the

most active particles (i.e., at 0.2% S) were found in higher

concentrations in the mid-Atlantic than were previously observed

in clean marine situations at sea off the West Coast.

2. Aerosols off the West Coast were primarily of sea salt origin

with varying amounts of a sulfate component; whereas in the

Atlantic, background levels of a variety of materials were
found. Apparently differences in origin of the respective air

masses and downwind distances from respective land masses
account for differences in total aerosol composition .

3. Apparently as a result of compositional and size differences
in the respective aerosol populations, response of the aerosol

to humidity changes and hence their impact on visibility, also

differed between the two clean marine situations.

It must be recognized that the data discussed in this report were

acquired under a specific set of meteorological circumstances , and what was

observed is not necessarily typical. However, the data do suggest that

what is thought to be clean marine air in one location at one time should not

be extrapolated to describe other clean marine situations nor necessarily be

termed ‘natural’.

Analyses of the data acquired during the Transatlantic-Mediterranean
cruise of May-June 1977 show that considerable variation can occur in the con-
centration and chemical make-up of aerosol populations in different maritime
lot.ales. Consideration of the refractive indices and hygroscopicity of various
observed aerosols and changes in relative humidity (caused by diurnal influences,
advect ion over sea surface of different temperature, or adiabatic expansion aloft

t
in well-mixed boundary layers) suggests that considerable variation in resultant
visibility restriction or in the performance of electro-optical systems (par-
ticularly at IR wavelengths) can occur.
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I
Section 3

I 
~ THE INFLUENCE OF M&RINE BOIPIDARY LAYER
- - AEROSOLS ON OPTICAL PROPAGATION

On NRL Cruise 77-16-04, a total of 24 complete aerosol spectra
(0. 01 <d  <3O~m) were obtained from about 1100 km west of the European coast
through the Mediterranean to Greece . These dat a were presented and discussed
in Section 2.23, and the complete set of aerosol size spectra may be found in
Appendix F. The availability of complete aerosol spectra as well as simul-
taneous measurements of visibility from an integrating nephelometer presented
the opportunity to compare visibilities calculated from the aerosol data with
measured visibilities. Additionally, the demonstration of the representa-
tiveness of the aerosol spectra through calculations of visibility allows
extrapolation to probable extinction properties of the aerosol as func-
tions of wavelength, aerosol composition and aerosol growth resulting from
changes in relative humidity. Such comparisons can offer an indication

- of the accuracy of the measurement systems and , in light of the present
interest in EOWT properties of the marine boundary layer , can prove

Ij 
valuable as measures of the likely performance of modern electro-optical
communications and weapons systems .

The aim of the current program is directed primarily toward the
-. basic microphysics of marine aerosols and fogs. In this section, we expound

upon the marine aerosol dat a, calculating extinction as function s of wavelength,
refractive index and relative humidity. These exercises serve to demonstrate
the relevance as well as the quality of the aerosol data acquired during the
expedition. In addition, the significance of aerosol parameters affecting
extinct ion is explored.

[1
3.1 Calculation of Visual Range from Aerosol Spectra

Calculations of visibility degradation fro. the meast red aerosol
size distributions were performed using the well-known Bougu.r lay :

U I = I 0 e~~~ (1)
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where I, is the intensity of the incident light, I is the observed light
intensity at some distance x through the aerosol medium, and ~ is the
composite scattering coefficient of the aerosol (bscat)• In turn, the

composite scattering coefficient is defined as

B ir1k~r~ () (H

where k
~ 
and r1 are the particle scattering coefficient and the particle [

radius , respectively. The summat ion is over the total number of particles
per unit volume.

The particle scattering coefficient, k, is a function of the
wavelength of the light and refractive index (both real and imaginary), shape. [
and structure of the particle. Rigorous solutions for light scattered by
individual homogeneous spherical particles have been found by Mie (1908;
Ref. 23). The laborious calculations required to use the Mie theory to dete~
mine the effect of an aerosol upon incident light are not necessary unless
extremely high accuracy or angular scattering properties are of interest. F~ ’

the present effort, calculations of the particle scattering cross-section wer.~
made using an approximation of Van De Hulst (1957; Ref. 24) and modified by

Deirinendj ian (1969; Ref. 25). It is suggested that the values of the particle

scattering coefficient resulting from the use of the approximation are with-
• in 2 percent of the values obtained from the cumbersome Mie series . The

approximation defines the particle scattering cross-section, k, for non-
absorbing spheres

• k = (l+D) [2 4sin Z 
+ 4( l - c o s Z) ] (3)

Z = 
4~~~r (fl~~~~) (4)

where D is the modification due to Deirmendjian, ~ is the wavelength of the
incident radiation , and n is the real index of refraction. A more coq,lex

form of Equation 3 can be used to calculate the extinction of light by

- 
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partially absorbing spheres . The present effort does not consider absorption

by the aerosol . Since the aerosols wil l  contain considerable quantities of
liquid water whose imaginary component of refractive index is insignificant

for wavelengths smaller than about 2.Spm , these calculations should produce

excellent results for wavelengths<2.Sum. At longer wavelengths, i.e., the

far-infrared, extinction due to absorption can be significant . Later in

this Section, we calculate the expected extinction due only to scattering of

l0.6~m wavelength radiation. Since absorption at the l0.6ijm wavelength was

neglected, it is likely that our calculation significantly underestimates the
- extinction and overestimates the visual range at the far-infrared wavelength.

Rather than present data in terms of optical visibility which is a

rather ambiguous term, results are presented with respect to visual range.

Visual range is defined as the optical path length required to produce 98

percent extinction of the incident light. Based upon this definition, the

composite bscat is related to the visual range (V) by the relation

• 
— 
3.912

U
t 

— 
. (5)

I
Throughout this text , visibility and visual range will be used interchangeably
in accordance with Equation 5. According to this general definition , we can

J now discuss the visual range at all wavelengths of electromagnetic radiation

not necessarily confined to the visible spectrum. Such data are presented

• below.

The information on visibility provided by the MRI Integrating

I Nephelometer is probably not as good as desired. The integrating nephelometer

actually measures b . The basic measurement itself is not without contro-scat
versy (Ref. 26), but in this effort, we prefer not to begin correcting basic

liw data; such adjustments are left to the discretion of the reader. However,

I manipulations of the basic data (bscat) to present visibility will be addressed.

Using broad band light with an effective wavelength of 0.474gm, the integrating
nephelometer measures the light scattered over a broad angular range to deter-

• mine bscat~ Rather than using Equation 5 to determine visual range from these

• values of bscati the nephelometer extrapolates from the measurement at O.474~mto

i 
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I.
0.S5~im wavelengths. The justification for the extrapolation lies in the fact

that the sensitivity of the human eye is peaked at about 0.55 an. Consequently,

in order to provide better correlation between visual and instrumental deter-
mination of visibility, the extrapolation was employed by the manufacturer.
Since calculations of visibility can be just as easily performed for 0.474gm

as for 0.55gm wavelength, our quoted values of measured visibility (visual

range) are actually determined from measured values of bscat using Equation 5.

The values of visibility offered by the nephelometer are ignored.

The particle scattering cross-section as a function of particle

diameter is shown in Figure 33 as calculated from Equation 4 for a wavelength
of O.474um and the indicated real refractive indices of 1.33 (pure water),

1.37 (saturated NaCl solution), and 1.5 (dry NaCl). To eliminate the possibilit .

that the use of discrete groups of particles (from particle measuring instru-

mentation) would have mean diameters centered at either peaks or valleys of
the particle scattering coefficient (shown in Figure 33), a continuous

aerosol size distribution was used for each of the 24 aerosol data sets in
the actual calculations of visibility. The continuous distributions, discussed
in Section 2.23 (see Figure 21] are valid over the range from 0.2 to 20km

diameter and were obtained by a least squares fit of a Junge distribution to the
measured aerosol data. A Junge distribution has the form

d ~~g~j; 
= Cr~~ (6)

where N is the number of particles in a given size range and C and B are
constants determined by the aerosol data. To assure that particles outside

of the valid range do not significantly affect visibility, the discrete groups

of aerosol particles and their mean radii were used to calculate the percent
of total bscat due to each family. Percent bscat as functions of aerosol size

I
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Figure 33: Particle Scattering Coefficient as a Function of Particle Diameter
for 0.474km Radiation and Indicated Refractive Indices

intervals are presented in Figures 34a and b for aerosol distributions #1 and
18 (see Figure 21), respectively, assuming a wavelength of light of 0.474pm
and real refractive index of 1.37. The data shown in Figures 34a and b

indicate that the families of particles providing maximum contribution to light

• extinction are located near 1pm diameter. For the measured size spectra,
particles smaller than O.2pm and larger than 2Opm diameter contributed < 5%

to the total extinction at visible wavelengths. For longer wavelengths, how-

ever, the peak in percent bscat would shift to larger particle diameters.

The results shown in Figures 34a and b axe, in the broad sense,

- 
similar for both aerosol distributions even though the distributions represent

• the ext remes of the data set (Figure 21) and are different in other respects.

Aerosol distribution #1, was acquired at 1045 GM!’ on 25 May in the Atlantic,

• ‘~.ll00 km from the European continent, while distribution #18 was obtained in

• •~ —•. 93
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the Mediterranean at 1410 GM!’ on 4 June. The former may be more nearly
• - representative of the clean marine environment, the latter might more

accurately be termed continental influenced by marine. While total extinction

• - resulting from the two aerosol spectra was substantially different, the per-

• centage extinction contributed by the particles in the O.2-ZOUm range was

nearly identical. For the particles <0.2gm diameter, particle scattering

cross-section was relatively minimal , and, in the larger sizes (ic., >2Opm)

U concentrations were ‘~3 orders of magnittide lower than those of 1pm diameter

particles (see Figure 13) in both distributions. However, in spectra #18
particles ~l.0pm accounted for 50% of the observed extinction, while for
spectra #1, these larger aerosols contributed only ‘~..15% of the total extinction.

The values of calculated visual range, using Eqs. 4 and 6,

are presented in Table 12 for each of the 24 complete aerosol distributions.

Included in Table 12 for each aerosol distribution are: spectrum number, date,

and time; observed relative humidity (%); measured visibility (km); and,

calculated visibility (km) for the indicated real refractive indices and wave-

lengths of radiation (Urn). Again, it should be noted that the visual ranges

calculated for X = lO.6pm are gross estimates and represent an upper limit to

the visual range since absorption has been neglected . Values of the real

refractive index (1.33, 1.37 , and 1.5) were chosen to simulate water, saturated
aqueous saline solution , and dry salt (NaCl), respectively.

From the calculated visibilities presented in Table 12, it is

immediately obvious that visibility is dependent not only on the absolute

size distribution (compare spectra #1 and #18 in Figure 21 and Table 12)

but on the index of refraction (chemical composition and state of wetness)

of the aerosol. Note that if the aerosol had been saturated NaCl (n — 1.37)

and for the visible wavelength (0.474p m) , visibilities would have been over-
estimated by 4,5-15% if pure water had been assumed and underestimated by
10-25% had dry MaCi (or other inorganic salt) been assumed.

Calculated and observed visibilities (visible wavelengths on ly)
are further compared in Figure 35. Since much of the soluble material

• expected in the true marine environment should be wetted salt, the calculated

-d
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- Figure 35: Measured Visibility vs. Visibility Calculated From
26 Discrete Aerosol Spectra

visibilities in Figure 35 were based on a real refractive index of 1.37* using

a wave’ength of 0.474pm. The solid line in Figure 35 corresponds to a least

- • 
squares fit to the data. The data display fair agreement overall, but much
better agreement particularly for the lower visibility, Mediterranean data.
The reasons for better agreement in the Mediterranean data are unknown. For
visibilities greater than about 50 km, the measured visibilities of the

- -. 

nephelometer are suspect because of the error in measuring small bscat values .
It is possible that much of the observed scatter in the data presented in

Figure 35 is due to uncertainty in the measured visibility and in the assumption

of refractive index. It is also possible that the systematic error in the
integrating nepheiometer could be responsible for the variation of the slope of
the fit from a unit slope. The scatter of data further justifies the use of

the Deirmendjian approximation as opposed to the exact Mie series for determining

the particle scattering cross-section.

Li 
___________________________

- 
4)The observed aerosol population for this portion of the cruise was of mixed
chemical composition (see Section 2.3) containing 4,25% NaCl particles and 4,50%

ii other inorganic salts. However, the refractive indices of most of those materials
in the dry state are 4,1.5, but wetted, as the aerosols must have been at 80% RH,

II ambient refractive indices would have been between that value and 1.33 (pure
water)--hence 1.37 is probably a reasonable estimate of the actual .
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Similar comparisons of calculated and observed visibilities were

performed by Patterson et al. (1976; Ref. 27) for aerosols consisting of

soil particles. Patterson, et al. used electron microscopy and automatic

imaging and scanning techniques to determine the aerosol size distributions,

and Mie theory to calculate visibilities in the range from .01 to 10 km.

While agreement was generally fair, the differences between calculated and

observed visibilities were typically about a factor of 4, somewhat greater than

the variations observed in the present effort.

The demonstrated agreement between calculated and observed visibility
to some extent justifies the extrapolation of such calculations to other wave-

lengths. The results of these calculations are presented in Table 12 and

indicate, as expected, that visual range increases with increasing wavelength.

The values presented in Table 12 show that visual range estimates at 2.5~m

and lO.6pm wavelengths were, typically, factors of 1.5-S and 3-15 times greater

respectively, than those estimated for visual wavelengths. These facturs

correspond to total extinction values (scattering only) only 20-60% and iO-30%,

respectively, of that expected for visual wavelengths. As indicated earlier,

the large visual ranges calculated for A = l0.6iim are over estimated because

absorption has been neglected. However, absorption for wavelengths shorter

than ~~~~~ should be minimal, and the results more accurate estimates of

total extinction.

3.2 The Influence of Relative Humidity on Visibility

Calculations of visibility can be carried a step further by consider-
ing the influence of relative humidity on the size distribution of the aerosol.

Variations in the size distribution due to changes in relative humidity will

modify the scattering properties of the aerosol. To facilitate the calculation

of particle size, it is assumed that the aerosol is composed entirely of

an aqueous saline solution whose vapor pressure is at equilibrium with the

environment. Examples of these results are presented for aerosol distributions
#1 and 18. In this exercise, the effect of changing refractive index due to

dilution of aerosol solut ion droplets by changing relative humidity is
neglected.
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The relationship between particle radius r at a given relative

humidity and the particle radius r0 at zero percent relative humidity is

given by

r~ 
= [1 +

where ~ = 1.22 for NaC 1 drople ts and S is the saturat i on ratio (Ref. 12). This

relationship has been used to produce- relative humidity dependent aerosol size
spectra for aerosol samples #1 and 18 shown, respectively, in Figures 36 and 37.

We have chosen to allow particle sizes to increase continuously with increasing

relative humidity as natural marine aerosols are observed to behave (e.g.,

Ref. 12). This size variation is in contrast to the theoretical behavior of

pure NaC1 particles in which the particles remain dormant in size with

increasing relative humidity until a value near 75 percent is attained; near

75 percent relative humidity the size of the salt particles abruptly increases

due to deli quesence and che ensuing growth is a continuous function of relative
• humidity described by Equation 7.

The expected variations of observed aerosol size spectra with relative

• humidi ty  are shown in Figures 36 and 37. These two particular aerosol spectra
were chosen because they represent the ext remes of our observed aerosol spectra.
That is , aerosol distribution #1 was obtained farthest from the European coast

(~.ll 00 kin) while aerosol distribution #18 was obtained in the central Mediter-

ranean near the African coast. Further, the two aerosol spectra exhibited the

largest variation in parameters for the Junge f i t .  It is recognized that some

differences in the two aerosol distributions are likely to be due to signifi-

cant continental influence, particularly on the latter distribution . Since

continental aerosols will not exhibit the same relative humidity dependence as

marine aerosols, the common use of a = 1.22 may not be appropriate. Fitzgerald

(Ref. 12) suggests that a values of -
~.0.2 may be more realistic for a modified

continental aerosol population . However, since a major fraction of our aerosol

scattering cross-section was due directly to liqu id droplets (direct sea spray) ,
we are dealing with sea water aerosols. Within the limited scope of this

effort, a = 1.22 is probably acceptable for illustrative purposes.
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Utilizing the relative humidity dependence of the size distribution,

- visibilities can be calculated as a function of relative humidity. In our U
simple model, the variations of refractive index with dilution of the saline 

r

droplets are ignored, as are variations of refractive index due to differing

composition of aerosol particles (i.e., not Had). Estimated visibilities as

a function of relative humidity for aerosol distributions #1 and 18 are presented
in Figure 38. These estimates show, as expected, a considerable dependence of

visibility on relative humidity and indicate that both aerosol spectra would

produce dense hazes of ~.l km visibility if relative humidity increased to

An interesting application of the relative humidity dependence of
visibility is the extinction of light in an optical path which has a vertical

component. Assuming a simple adiabatic lapse rate and constant mixing ratio,
the variations of relative humidity with altitude can be calculated. Further ,
assuming a well mixed aerosol beneath the cloud base (i.e., no vertical varia-

tion in aerosol concentration), the vertical extinction as a function of

altitude in the marine boundary layer can be calculated. These calcul ations
are summarized in Figure 39 where vertical extinction (in percent transmission)

is shown as a function of altitude for aerosol distribution #1 for the indicated

surface-level relative humidities. This presentation implies that substantial

reduction in visibility will occur aloft in the marine boundary layer under

adiabatic lapse conditions. The upper limits of the curves plotted in

Figure 39 represent values at 98.5% RH , where Eq. 7 breaks-down. Under the

assumptions of the calculations, the indicated altitudes for these upper limits

are then crude estimates of cloud base height.

The application of this reasoning can be further extended to consider
the extinction of light in an optical path, other than vertical, from a given
altitude to the surface. Using the criterion that extinction of greater than

98 percent represents obscuration, the maximum visual range (i.e., elevated

• point to surface) can be calculated. Obviously, in many long-range visibility

situations, the visual range will be greater than the ability of the eye or

specifi c instrumentation to resolve an object at the limit of the visual range.
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I
1.

r Transmission (i.e., the percent of light not extincted through a given optical
path) is plotted against altitude for the indicated observation angles in

• Figure 40. These calculations were performed using the Atlantic aerosol

spectrum #1, assuming surface relative humidity of 50% and constant mixing
ratio and adiabatic lapse conditions through the layer. (Since, at a surface
RH of 80%, cloud base would be at ‘~.400m, the 50% RH value was used to

illustrate the utility of such calculations.) The observation angles shown
in Figure 40 are defined as the angles between the surface and the line
connecting the observer to the object. These angles necessary fall between

0 and 900, with 90° representing the observer looking directly down at an
object on the surface. It is obvious in comparing this presentation with

that in Figure 40, that while transmission in the vertical may be good, slant

range values drop rapidly with altitude for decreasing observation angles .
Obvious applications of this type calculation include evaluation of

perforaance of tactical weapons systems as well as less military-oriented

search and rescue missions.

3.3 Discussion and Summary

Complete aerosol size distributions obtained on the Transatlantic-

Mediterranean cruise were used to calculate the extinction of various wave-

lengths of radiation as functions of a variety of parameters. Calculated

visibilities showed fair agreement with observed visibilities and served to

demonstrate the validity of the aerosol data. Deviation between observed
and calculated visibility may be attributable to uncertainties in the measure-
ment of both visibility and aerosol size spectra and the assumption of NaCl for
aerosol composition. Results of the visibility calculations indicated that,

typically, greater than 90% of the total visibility degradation was due to

particles within the range 0.2 to 2O~m diameter for the observed aerosol spectrum .

The calculation of visibility at naich longer wavelengths than the visi-
ble (i.e., at 2.5 and 10.6~m) showed that the observed aerosols under the ambient

surface-level conditions of 80% RH, were responsible for only minimal obscura-

tion (neglecting absorption) near the ocean surface at those wavelengths.
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However, extension of these calculations to consideration of changes in

relative humidity (caused by diurnal influences , advect ion over sea surface
of different temperature, or adiabatic expansion aloft in well-mixed boundary

layers) demonstrated an important dependence of visibility on relative humidity.

Assuming the observed aerosol consisted of sea salt (which was not always the

case), these exercises showed that any one of the 24 complete aerosol
spectra (Figure 21) obtained during the cruise was capable of producing
dense haze (visual range of<l km at visible wavelengths) if relative humidity

increased to ~98%. Further, while visual range may be nearly unlimited over

horizontal paths near the surface, increased relative humidity aloft under

well-mixed conditions will produce growth of aerosols,thereby severely limit-

ing slant visual range. -

Within the limited scope of this effort, it was not possible to

consider the influence of absorption on extinction at infrared wavelengths.
Depending on the specific aerosol size spectra and chemical composition,

absorption could account for a substantial fraction of the total extinction

at l0.6~.mi wavelength. In view of the current interest in electro-optical

propagation in the marine boundary layer and the availability of the data

set incorporated in this report, an effort to consider the influence of
absorption on extinction at far-infrared wavelengths should be undertaken.

- 
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DATE 5 15 1977

TIME (GMT:: W IHD S ( M . SEf: :: W IN DS (MI/ HR: : SHIP(MI/ HR: :
MAGNETIC: RELATIVE HEAD. SPEED

DIR. SP. DIR. SF.
1700 :355 5 .8 :340 23 .3 :35 1:3.0
1800 16 2.4 :355 17.3 33 12.0
1900 :352 0 .8 - 355 13.2 :34 1:3.0~2 35 0 .2 360 12.2 :35 13.0
2100 :35 0.6 1-3.2 :35 1.3.0
2200 254 5.1 3013 7 . 1  33 13.0
23013 2:39 4.3 :3 15 4 .6  31 13.0

DATE 5 16 1977

TI M E’ GIlT ’ I.JIND ’ M SEC ‘ ~IUDE I UI HF E.HIF ‘MI  HF
MAGNET IC RELAT IVE HERD. SPEED ‘ *

DIR. SP. DIR. SP.
0 :~~ - ‘ 5

100 242 7 .3  265 7 .1  313 13.0
2130 242 9.1 105 11.2 99 13.0
:3130 249 3~ 5 110 8 .6  99 13.0
400 252 8 .1  115 6 .6  97 13. 11
500 2413 ~.3 90 8. 1 97 13.0
500 :2 : 10 1 L 0
7110 ::: ~~s 1 : u
E00 :4~ 7 4 100 5 5 13 0
9130 25:3 9. :3 145 7 .1  97 13.0

11100 275 8 .4 170 4 .1  98 13.0
1100 J’7 0 1’ li 3 100 F 0
12013 280 4 .8  11 0 . 13 1130 13.0
13130 284 4.8 0. 11 104 13.0
1500 280 8.7 170 4 .6  103 13.0

is : :~ 1: o
1700 :327 7.2 340 27 .4 3 13.0
1815 265 111.4 180 8.6 85 13.0
190’3 265 9.5 1813 5 .6 85 13.0
2000 265 9.1 1813 5.6 85 13.0
2200 256 11.6 180 11.7 76 13.0
2300 256 11 . 11 1313 10.1 76 1:3.0
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DATE 5 F 1977 
. 

.
- 

• 

- 

• 
-

TIM E~ GMT::’ W I N DS ( M/ S EC ) W I N D S ( M I - --- H R) SHIP MI/HR.)
MAGNETIC RELATIVE HEAD. SPEED

DIR. SP. DIR. SP.
0 273 10.7 220 11.2 7:3 13. 13

1011 281 9.4 2:3 5 9.1 76 13.0
200 252 10.6 1:30 9.. 1 72 13.0
300 249 113.8 180 9 .6 69 13.0
4013 245 11.7 2011 12.2 55 13.0
500 253 11.7 215 13.2 .55 13.0
600 259 11.9 230 15.2 51 13.0
7013 263 11.4 24 13 15.2 49 13.0
800 261 11.4 240 15.2 47 13. ’~9011 3 11. :3 215 12.2 165 13.0

113011 264 10.9 215 11.2 67 13.0
1100 266 11.7 225 14.2 62 1:3.0
12130 264 11.7 225 14.2 613 13.0

- - 13013 253 11.3 215 12.2 55 13.0
1355 254 11.9 2111 13.2 68 13.13
1402 266 9.8 3611 23.5 266 2.0
1415 55 ~ 1 60 .i 7 2 0
1430 ~711 4.9 :360 23.3 270 13.13
1455 259 8.8 :350 211.9 270 2.11
16113 26:3 11.9 2313 15.2 613 13.11
1700 268 12.9 225 17.:3 62 13.0
1:300 271 12.3 240 17.8 SS 13.0

2:L1 1: LI
1945 278 5 .2 5 26 .4  268 13.0
2000 279 6.2 5 25 .4 269 1:3.0-
21315 281 7.0 5 2:3.4 272 13.11
20:30 25:3 7.4 :355 29.4 257 13.0
2200 135 :3.2 25 15.2 613 13. 13
23013 2611 11.4 21 13- 12.2 65 13.11

DATE 5 18 1977

TIM E GMT::I LJ IH DS ( M - - S E C )  W I N D S < MI �- H~:) SH IP(M-I .’HR> -

MAGNETIC RELATIVE HEAD. SPEED- - -

DIR. SP. DIR. SP.
13 264 12.7 2113 15.2 57 13.13

1013 275 10.9 2:35 13.2 56 13.11
145 :311 9.5 280 1:3.3 68 13.0
2111 .5 :3.3 3413 17. :3 62 13. 13
230 :3135 2.9 330 10.1 62 13.0
3013 258 8.3 180 3.5 78 13.0

H 
540 289 8 .4 2613 10.1 72 13.13
700 :3139 7.5 2813 11.7 79 13.0
8110 :3118 8.0 275 12.2 79 13.0
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1.
DATE : 5 1:3 1977 CONTINU ED

900 :~~E 12.1 275 24.4 80 13.0
10013 50 9.4 340 3:3 .13 :32 13.0
1100 25 10.8 260 17.3 157 13.0
1200 14 9.6 :315 28.4 84 13.13
13110 45 5.2 340 22.3 :38 13.0
1400 9 8.1 :315 24.4 84 13.0
15013 46 :3.7 :345 19.3 85 13.13
1610 112 3.13 10 18.:3 82 13.0
1700 156 2.4 20 14.2 82 13.0
18013 161 5.9 40 19.3 :32 13.13
1900 54 :3.4 350 19.3 :31 13.0
2000 44 4 .1  345 20. :3 81 13.11
2200 27 11.1 :325 34.5 Wi
2300 359 9.4 295 22.3 - 9:3 13.13

DATE 5 19 1977

TIME (GMT:: WINDS (M .. SEC::’ WIND~:,::MI . .HF ) SHIF~:F1I/H R ::’
MAGNETIC RELATIVE HEAD. SPEED

B I R. S P. D I P. S P.
‘3 .353 6.7 300 15.2 1132 13.0

1’JO 13 6.8 .3 130 15.7 10:3 13. 13
.3 3 -3 7 .3 2811 11.2 104 13.0

420 344 7.9 280 13.2 110 13.0
5013 33:3 8.0 275 12.2 109 13. 0
5013 :351 ~.3 23S 12.7 11~ 1~~.0700 .357’ 6.9 295 14.2 112 13.13
8130 11 6.8 :3 135 17..3 111 13.0
91313 35 5.7 :325 20.3 106 13.0

10011 54 5.6 .335 22. :3 1135 13.0
11110 ‘2 5.3 34S 2:3,3 104 13.13

100 5 : .60  ~..4 4 100 1 13
1300 99 4.0 3611 21~~$ 13. 13
1400 1313 3.0 - 10 18.3 100 1:3.0
1500 115 2.3 .5 18.3 1130 13.13
1600 153 2.6 15 16.2 1133 13.11
17130 172 4.6 30 18.3 1133 13.0
18013 178 5.1 35 18.3 1112 13.0
1830 197 6 .3  50 17.3 102 13.0
19130 184 5.6 40 1:3.3 102 13.0
20013 187 :3.0 20 16.2 126 13.13
2100 199 2.6 20 14.7 128 13.0
2200 126 1.9 360 16.2’  126 1:3.0
2250 163 2.2 10 16.2 126 13.0

114 .
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DATE 5 20 19~~ -

T IME (GMT ) WI NDS ( M/ S EC) WINDS (MI/HR:: SHIP’::MI/HR::
MAGNETIC RELATIVE HEAD. SPEED

DIR. - SP. DIR. SF.
11 157 2.8 111 17.8 126 13.11

100 141 2 .4  5 17.3 124 13.0
200 125 2.8 3613 18.3 125 13.0
300 129 2.5 .360 17.8 129 13.0
400 160 :3. i3 10 18.3 130 13.0
5011 163 0.8 355 13.2 2115 13.0
6011 162 :3.0 10 18. :3 132 13.0
700 168 4 .1  15 20.3 131 13.0
800 139 3.7 5 211.3 126 13.0
900 115 4 . 5  .355 22.3 126 13.0

11300 12’S 4.4 360 22.3 125 13.0
1100 148 5.1 113 23.3 126 13.0
1200 133 4 .9 5 23. :3 122 13.0
1300 107 4 .9 :355 23.3 118 13.0
14110 99 4.6 -350 22.3 122 13. 13
1500 136 4.5 5 22.3 1.2S 13.0
1600 1132 4.2 :3511 21.3 126 13.0
1 700 103 4.6 350 22. 3 126 13.0
1800 104 5.1 :350 23.3 126 13.~32100 8:3 6.9  34S 27.4  115 13.13
2:300 ~:5 6 .8 340 26.4 122 13.0

DATE 5 21 1977

T IME(G MT: : WINDS ( M/ SEC: :’  1JIND~5 ’::M I..- H R.: SH IF(MI.• H p )
MAGNETI C : RELATIVE HEAD. SPEED

DIR. SP. DIR. SF.
0 92 6.9 34S 27.4 120 13.0

100 84 5,5 340 26 .4 121 13.0
2013 :35 5.13 3411 24.4 127 13. ’J3130 76 7.1 335 26.4 121 13.13
400 73 6 .7 33~ 25 .4 119 13.0
500 51 ~.9 • 325 25.4  121 13.0
600 44 7.7 315 23.3 121 13.0
7110 30 9.5 305 25.4 115 13.0
:300 25 10.5 29S 25.4 1213 13.0
9130 6 12.4 275 25.4 121 13.11
1000 6 1:3.6 27S 28.4 116 13.0
11110 9 16.0 270 33.5 120 13.0
12:30 3.52 14.2’ 2511 25.4 116 13.0
1400 348 14.1 245 23.3 125 13.0
15’30 34:3 13.3 2413 213.:3 12’S 13,0
2000 .3 24 10.4 24.5 13.2 110 13.0
2305 ~.0 5 4 26 13 213 ~~0 2 £1
2355 330 8.4 360 20.0 330 2. 13
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DATE 5 22 197?

TI NE’::GMT: WINDS ( Ms S EC) WI NDS (MI/HP) SHIP (MI’HR)
MAGNETIC RELATIVE HEAD. SPEED

DIR. SF. DIR. SP. - 
-

1130 313$ 11.0 190 10.1 123 13. 13
2011 303 11.0 180 10.1 123 13.0
3013 3133 11.0 1:30 10.1 123 13.0
400 296 13.1 1813 15.2 116 1:3.0
600 297 13.1 180 15.2’ 117 13. 13
700 :32 :3 12.9 225 17.3 117 13.0
8013 333 13.6 235 20.3 1213 13.0

1200 :327 9.5 20 22.6 305 2.0
1220 10 ~ 5 ~613 ~ S !10 2 0
1250 315 9.9 15 2:3.S 300 2.13
1500 318 8.4 2211 5.1 124 13.0 L
1710 :329 :3.iJ 5 19.1 323 2 .0
17:30 :3 1:3 S. :3 5 20.9 :307 2.0
17.513 :321 3.5 7 20.9 :31w 2.0
2’0:30 :333 :3.4 230 4.3 115 2.13
2:3013 32:3 6 .4 280 7.1 111 13.0

‘HDATE 5 23 1977

TIME<GMT::’ WINDS (M .- SEC::’ WINDS (MI . HR) SHIF’(MI..HR::’
MAGNETIC - RELATIVE HEAD. SPEED

DIR. SP. DIR. SP.
‘3 :321 6.5 2613 :3.13 121 1:3.0

2130 334 4.5 :3j’3 5.1 122 13.0
3130 3:3 7 2.8 3:35 .1 121 13.0
41313 341 3.1 ~. .330 7 .1  122 13.0
S0€I 348 3.0 .3313 :3.1 121 13.0
6013 :342 2. :3 3413 :3.1 121 13.0
700 :357 2.9 330 9.1 122 13.0 H
800 13 :3.4 325 11.2 124 13.0

- 900 45 .3.2 :335 15.2 1213 13.13
1000 51 3.0 • 340 16.2 122’ 13.0
11110 44 4.7 325 17.3 124 13.0
1200 37 4.2 325 15.2 125 13.0
1330 38 4.2 :325 15.2 126 13.0
1500 40 5.:3 320 17.3 125 13.0
1600 :30 5.2 315 1S.2 127 13.0
1700 24 5.8 :305 17.3 124 13.0
1915 22 7 .6 3013 16.3 124 13.0
2200 :3513 .5.2 3013 3.1 124 13.0
2240 :3 :34 6 .1 2:30 5.1 124 13.13
2300 322 6.9 230 :3.0 124 13. 13
2330 :312 7.:3 270 8.1 ‘9S 13.0

116 1 ,
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DATE S 24 1977

TI ME(GMT ) WIND S (M’SEC ) W INDS (MI/ HR: : SHIP<MI,HR::’
MAGNETIC RELAT IVE HEAD. SPEED - 

-

DIR. SF. DIR. SP.
11 307 - 7. 6 1:311 2 .0 127 13.0

115 233 4. 2 85 7.8 156 2. 13
145 24~ 3.7 75 7. 11 158 2. 11
300 129 . 2.3 350 5.2 129 2.0
400 :341 2 .9 33 5 6.6 128 1:3.0
600 180 1.4 :35 2.6 124 2. 11
600 285 4 .2  .35 3.0 124 13.0
700 195 9.? 50 27.4 118 13.0
3110 196 7.9 45 23.8 120 13.0
900 193 7 .7  45 23.3 116 13.0
1000 1913 8.1 4S 24.4 115 1:3.0
1100 191 9.2 4S 27.4 120 13.0
1200 180 8.7 40 27.4 115 13. 13
1255 2:3 :3 9.0 75 18.3 120 13.0
1330 195 9.2 - 45 27.4 124 13.0
1400 191 :3.7 40 27.4 125 13.0
1500 193 :3.4 40 26.4 126 13.0
1600 195 8.0 40 25 .4 127 1:3.13
18011 18? 7.5 35 25.4 125 1:3.0
1900 - 187 5. 5 :30 21 . :3 126 13.0
2000 191 4.9 :30 19. :3 125 13.0
2100 192 4.9 30 19.3 126 13.0
22013 192 5.1 :30 19.8 127 13.0
2300 2 136 6 .7  45 20 .3 123 13.0

BATE 5 25 1977

TIME (GMT :: W INDS (M/ SEC: :’ NINDS ( MI ..’HF~:’ SHIP(F’lI..’HR::’
MAGN ETIC RELATI ’ •.’E HEAD. SPEED

DIR. SF. DIR. SF.
13 204 7.0 45 21 .3  12.3 13.0

100 202 7 . 7  45 23. :3 12S 13.11
300 202 7.4 4S 22.3 123 13.0
4013 216 7. 7 20 .3 123 13.0
S00 196 5 .6 40 21.5 122 13.0
600 193 7.6 40 - 24 .4  124 13.0
7130 217 :3.2 50 23. :3 134 13.0
8130 193 $. :3 45 26 .4 120 13.0
900 19:3 :3.$ 45 26.4 125 13.0

1000 195 8.7 40 27.4 130 13.0
11130 199 8.8 4S 26 .4 126 13.0
1200 197 8.4 413 26.4 130 13. 13
131113 199 8.0 40 23 .4 131 13.0
1400 200 :3.4 40 26.4 133 13.0
1500 2 130 8.0 40 25 .4 132 13.0
1600 200 7.7 45 23. :3 123 13.0
1800 2117 7.0 45 21.3 126 13.0

• 2015 210 5.6 40 18.3 128 13.0
2100 210 5.6 40 18, :1 128 13.0
22013 213 5 .6 411 18. :3 131 13.0

• J 2230 2:38 5 .4 240 10.4 350 0.5
117
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DATE 5 26 1977 
-~

T IM E GMT::’ W I NDS ( M .’SEC) WINDS (M I/HR:: SHIP<MI,HR::’
MAGNETIC R E L A T I V E  - HEAD. SPEED

DIR. SF. DIR. SF.
0 2137 - 5.1 :35 15.:3 131 13.13

2130 215 5.1 40 16.7 128 1:3.0
300 222 5.5 45 16.2 12’S 1:3.0
4 130 220 4.2 :35 15.2 1:3 2 13.0
500 228 4.1 35 14.7 1:38 1.3.0
6110 225 3.7 .35 13.2 128 13. 13
7110 215 3.9 :15 14.2’ 123 1:3.0
800 217 :3. :3 :313 13.7 126 13.0
850 206 2. :3 20 1:3 .7 127 13.0

10130 229 3 .7 :355 20 .3  242 13.0 •

1110 2:35 2 .1 340 9.1 4 1:3.0.
1200 229 .3.0 :3 :313 :3.1 2 13.0
1300 199 4 . 3  :3’3 17.3 126 13.0
1400 206 3.8 20 15.? 126 13.0
1500 202 1.7 15 1:3 .2’ 12’S 13.0
1540 188 1.2 10 1.3.2 124 1:3.0
1700 278 1.7 10 8.1 124 13.0
19013 :320 1.5 :355 6 .1 126 13.0
2200 1 :3.7 :32i3 9. 1 125 13.0

5 4 .2  .315 10.1 126 13.0 
-

~~

DATE 5 27 1977

TIM E ’: : G IlT. : WIN DS M.- SEC:: ’ W I N D S ( M I . - H R )  SHIF’: r’II..HP:: 11
MAGNE TIC RELATIVE HERD. SPEED

DIR. SF. DIR. SF.
0 6 5.:3 :3135 11.2 125 13.0

100 2 6.8 290 12.2 125 13.0
2313 1:3 5.6 3113 14.7 121 1:3.0
300 22 5. :3 .305 15.7 126 13.13
400 12 8 .2 290 17.3 124 1:3.0
500 17 :3.5 290 18.3 127 13.0
600 11 10.0 285 21. :3 120 13.13
~00 5 9.8 280 19.3 121 13.0
8130 .359 9.9 275 18.3 1213 - 13.0
905 :348 10.3 :3 :30 33.5 34 13.0

• 1000 333 10.7 325 :33.5 - 31 13.0
1100 33:3 10.7 :325 3:3 .5 • 31 13.0

: 1200 3:39 7.4 355 29.4 .348 13.0
13130 :3 :32 7.3 350 29.4 350 13.0

- • 1430 31? 8.8 340 31.5 :3513 13.0
1500 0 11.7 200 12.2 170 13.0 V

1700 .352 9 .9 185 7.6 170 13.0
1900 :347 16.1 255 30 .4 112 13.0
2000 33 1 9.4 255 12.2 113 13.0
2200 30.5 6.8 260 4.1 . 102 13. 13
2300 :306 7.8 245 5.6 103 13.0

118 .,
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DATE 5 28 1977

I T IME(GMT: :’ WINDS ( Ms S Ec:~ WINDS (M I/HR :: 5HIF’~ M I H~MAGNETIC RELATIVE HEAD. 3PEED
DIR. SP. DIR. SP.I 0 3119 . 6 .2 270 :3.0 108 13.0

100 317 4 .8 3135 4 .6  108 1:3.0
300 10 6.8 305 17.3 110 13.0

1’ 400 21 2’.? :3:35 1:3.2 1113 13.0
is 500 207 2.5 25 11.2 100 13.0

600 161 3.0 20 16.2 100 13.0
700 118 7 .4 :350 29.4 118 13.0

a —
DATE 5 30 1977

T IM E(GMT: : ~J INDS ( M. SEC) W I NDS < MI ..HR::’ SHIF(MI.~HR::
M A G N E T I C  R E L A T I V E  HEAD. SPEE D

DIP. SF. DIR. SF’.1. 20011 235 7.0 .3613 2:3,4 2:15 13.0
2100 279 10.0 75 21. :3 170 13.0

- _ 2200 270 - 10. 2 :30 20 .3 156 13.13 - I2300 273 9.9 :35 18.3 152’ 13.0

DATE 5 :3~ 1977

T IME’ :GMT: : WIN DS ( M .. SEC:: WINDS (MI .•- H R : SHIF’ ’::MI..Hp::’
MAGN ETIC - PELATI ” .’E HEAD. :3F EEt~DIP. SF. DIR. SF.

0 273 9.9 E:5 1E: .:3 152 13.0
r 100 234 9.3 125 10.1 :313 13.13

1J0 7 170 7 1 13 Ii
:300 244 10.3 120 12.2 95 1.3.0
400 24:3 :3.9 1:30 7. 1 8:3 13.01 :  500 272 11.4 180 11.2’  92 13.0L~ 600 27:3 11.0 1:3 0 10.1 93 1:3.0
8130 298 10.4 75 2’2’.:1 190 13.0

H 900 :312 13.0 95 24.4  1913 13.0
ii 1000 :301 9.1 • 260 12.2 813 13.0

1100 57 8.5 2:30 15.2 179 13.0
12130 31? :3.2 290 17.3 69 13.0

• 13013 3136 9.3 275 16.2 70 13.0
1400 295 8.4 260 10.1 78 13.0
1445 298 7. 11 270 7.1 84 13.0

r 1700 267 8.3 245 7 .1 62 13.0
1900 242 9. ? 1:30 7.1 62 13.0
2000 208 11.8 120 16.2 63 13.0p 100 221 9.6 1:313 9 .1 63 13.0
2105 2132 7.5 90 15.6 105 2.0

1. 2130 228 11.1 35 26.1 190 2.0
2135 222’ 11.8 30 27. 13 190 2. 13
2230 233 113 .5 1713 9.1 58 13.0

Li 119 
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DATE ~ 1 1977

TIME ’~GMT::’ WINDS (M/SEC L4I NDS(MI/ HR) SHIF’ ’ :MI/ HR)
MAGNETIC RELATIVE HEAD. SPEED

DIR. SF. DIR. SF.
0 208 11 . :3 125 14.2 S8 13.0

100 213 12.1 135 15.2’ 58 1:3.0
:3130 215 13.1 140 17.3 S8 13.0
41313 219 11.5 140 13.2 60 13.0
500 213 10.7 1313 12.2’ 59 1:3.0
600 219 U.S 140 13.2 60 13.0
300 2:33 10.1 170 8.1 5? 13.0

4 ~~ ~o — -  :-. 2:: 1: 0
845 238 8.4 360 20.0 2:38 2. 13
915 226 :3.4 .350 20.0 . 237 2.0
1100 241 11.0 1:30 10.1 61 1:3.0
1200 241 9.9 130 7.5 6 1 13.0
1:300 265 9. 13 235 10.1 59 13.0
1410 244 5.1 5 12.2’ 238 2.0 —

14:3 0 246 4 .8  5 11. :3 240 2.0
1445 124 0.5 :355 11.2 2313 1:3.0
1S45 177 2. 13 25 1:3.7 92 13.0
16 .30 1613 1.7 15 13.2 92 13.0
181313 15:3 2.0 15 14.2’ :3:3 13.0 ‘ -

1.300 181. 1.13 10 11.7 137 13.0
2000 176 1.6 15 12.2 37 1:3.0
2100 179 3.3 - 30 1.3.7 :38 13.0
2130 188 :3.1 :30 12.2 :37 13.0
2200 245 8.3 115 8.5 93 13.0
2:300 192 4 . :3 40 1-3.7 93 13.0

DATE 6 2 1977

TIME ’::GMT) WIN DS ( M .. SEC::’ NINDS( F1 I ,. HF. : SHIF’ ’~MI..HR: :
MAGNETIC RELATI vE HEAD. SPEED

D I R .  SF. . DIR. SF.
‘3 186 3.7 :34 13.7 -92 ’ 13.0

:313 201 :3.0 :30 11.2’ 92 13.0
100 204 2 .13 20 10.7 92 13.0
200 2135 1.5 15 10.7 92 13.0
:3130 338 0. 5 355 11.2 92 13.0
4130 62 1.2 355 14.2 92 13.0
500 49 0.8 355 1:3.2 91 13.0
61311 275 0 .2 360 11.2’ 95 13.0
700 164 0.6 5 12.2’ 95 13. 13
300 168 1.1 10 12.7 93 13.0
900 16:3 1.1 10 12.7 90 13.0
1000 .322 1.1 350 10.1 90 13. 13

120
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-- DATE: 6 2 1977 CONTINUED

1100 310 1.8 :34~ 8 .6 90 13.0
1200 306 :3.9 320 6.1 90 13.0
1300 320 5.4 300 9.1 90 13.0
1400 33i~ 6 ~ :3013 13.2 91 1:3.11
1445 329 7.1 290 1:3.2 90 13.0

-
~~ 1600 335 7.8 290 15.7 90 13.0

1800 329 7 8 285 14.2’ 90 13.0
1900 335 8.7 285 17.3 90 13.0
2000 :317 6.6 290 11.2 83 13.0

[ 
2100 297 7.0 270 7.1 83 1:3.0
2215 3117 5.2 300 7 . 6  13:3 13.0
2300 23 7 . 9  32S 26.4  :33 13.0

~ F

DATE 6 3 1977

V TIME (GMT) WI NDS( M .. SEc::’ NIN DS( MI . HR) SHIP(MI/ HR::’
MAGNETIC RELATIVE HEAD. SPEED J

DIP. SP. DIR. SP.
0 :359 10.2 30 5 27.4 82 13.0

1~ 0 4 ~~~ 315 ~~~~ :~2 13.~i
- 200 11 7. :3 :3 20 23 .3 :32 13.0

:300 9 6 .9 320 22. 1 82 13.0
- . 4110 13 2 .4 :340 7 . 5  144 13. 13

500 :34 :3 :3. :3 :33 5 5.1 145 1:3.0
600 5 :3.1 :3:30 7.1 146 13.0
700 :347 5.1 .300 :3. i3 14 5 13.0
800 351 .5.5 290 3.5 146 13.0
900 :350 :3,5 240 7 .1 146 13.0

1000 :3 :3.1 255 10.1 148 13.0
1 ,  1100 5 7.3 2711 :3.1 148 13.0

1140 325 6.6 3S5 15.6 332 2.11
1210 :320 5 ,13 :35’3 15.1 :33j 2. 11

- . 1340 327 9.8 35S 2:3.5 .3 :3 2 2.0
1400 :328 10.9 :355 26.1 :333 2.0
1420 L 1  iLl ~ :so :6 1 :: 2 :
1440 :305 7 .3 - :34 5 28 .4 333 13.0
1600 :3:34 1:3.1 190 15.2’ 148 13.0

- .  1700 344 12.3 210 14.2 148 13.0
1800 343 11.0 210 11.2 148 13.0

ii 1900 341 9.3 215 7.1 147 13.0
2000 336 9.6 200 7.1 148 13.0
2100 336 9.6 200 7.1 148 13.0
2110 325 8.8 .350 20.9 :336 2.0
21:311 325 8.13 350 19.1 336 2.0
2150 314 9.2 340 21.7 336 2.0-

1, 2205 327 11.0 1:30 10.1 14? 13.0
2300 :3:34 10.8 200 111 .1 145 13.0

I 121
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DATE 6 4 1977

TIME (GMT) WINDS (M .• SEC: WINDS (MI/HP::’ SHIP (MI/HR)
MAGNETIC RELATIVE HEAD. SPEED

DIR. SF. DIR. SF.
0 :331 11.0 190 10.1 146 13.0
55 337 15.4 200 21.3 144 13.13
110 320 8.8 350 20.9 :331 2.0
130 323 9.5 :355 22.5 328 2.11
200 335 10.1 205 :3.6 144 13.0
300 334 11.7 200 12.2 144 13.0
400 :327 9.3 190 s.i 143 13.0
500 326 8.4 190 4 .1  14:3 13.0
610 :346 7.5 295 16.5 57 2.0
650 336 13.7 285 19.1 57 2.0 L
810 3134 8.0 360 19.1 :304 2.0
850 292 8.0 350 19.1 :303 2.0
1000 :311 9.3 145 7.1 145 13.0
1100 32:3 9.7 170 7.1 147 13.0
12’00 :322’ ‘9.? 170 7.1 146 1:3.0 ~~~-

1:300 327 9.:3 180 6.1 147 13.0
1355 :327 9.3 180 6.1 147 1.3.0
1410 :305 9.9 345 2:3.5 :32’l 2.0
1430 :301 9.2 .340 21.7 :323 2.13
1450 294 :3.5 :335 20.0 322 2.0
1505 :3 12 9.7 145 :3.1 147 13.0
1545 312 9.7 145 :3,i 147 13,0
1700 3:31 9.7 190 7.1 147 13.0

1800 33 13 9.7 190 7.1 146 13.0
1900 .3 :34 9.2 200 6.1 145 .13 .0
1955 :321 10.3 270 18.:3 65 13.0
21310 312 8.0 350 19.1 :323 2.0
2030 :3j 7 7.7 355 18.2 :323 2.0 1 1
20:30 :317 7.7 355 1:3.2’ :323 2.0
2050 :317 7.3 :355 17.4 323 - 2.0
2105 319 9.7 - 270 16.2’ 86 13.0
22:30 317 10.1 265 15.2 :37 13.0
2315 3119 9.1 260 12.2’ 88 13.0
2:355 :315 9.7 265 15.2’ :37 13.0

~~ 
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I !

DATE 6 5 1977 -

T I M E(G MT ) W INDS( P1 .’SEC WINDS ( MI ..- --H R ::’ SHIF’(MI/HR::’
MAGNETIC RELATI ’.”E HERD. SPEED

I DIR. SP. DIR. SF’.
1 10 305 10.2 35~i 24. :3 :316 2.13

30 :31 2’ 10.9 :355 26. 1 :317 2.0
— 50 :307 9.8 :3513 2:3 .5 318 2.0
I 200 :326 11.1 270 20.3 :38 13.0

t • 300 350 7.5 270 15.6 :37 2.0
4 15 30~ : 14 : 37 0

1 450 299 6.2 350 14.8 :310 2;0
600 318 9.0 270 14.2’ :39 13.0
700 313 9.1 265 13.2’ :39 13.0

830 :312 6 .6  3611 15.6 :312 2.0
:3513 294 7.0 350 15.5 :305 2.0

T 1100 302 9.4 250 11.2’ :38 13.0
1200 :308 9.6 255 12.7 139 1:3.0
1200 :308 9.6 255 12.7 89 13. 11
1:30u :~45 6.2 265 12.2’  - 2.0
1355 349 5.9 270 11.7 88 2.0
1410 24:3 7.6 .300 18.3 :345 13.0
1430 ~7? :3.9 :345 19.8 315 13.0
1450 279 9.1 :3013 19.8 18 13.0
1545 311 :3.7 250 9.1 100 13.0
1815 :312 5.1 315 18.3 40- 13.0
1900 :::~ 3 5. :3 310 17.3 .38 13.0
2000 .320 .3.7 3313 15.2 42 13.0

• ~~55 ~~~ ,-- .:3 - L I  14.~ 1:~4 1~4.Ll4.,-. - :~~5 1,-- .:~
ii 2215 31? 4 . :3 3~’5 15.7 42 1:3.13

2:300 ~17 .5.6 320 18.-I :39 13.0

lj

T .
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DATE 6 6 197?

T IME<GMT: :’ WI NDS ( M.-’- S EC > WINDS U’lI— --HR ) SHIF’’::MI/HP)
MAGNETIC RELATIVE HEAD. SPEED

DIR. SP. DIR. SF.
‘3 :302 6.0 310 16.2 40 13.0

100 306 6.6 310 18.:3 39 13.0
200 310 5.9 310 19.3 40 13.0
300 :319 6.7 315 20.3 42 13.0
400 :3:34 6.5 :325 23.3 38 1:3.0
500 318 7.9 :310 22.3 42 1-3.0
600 .3:38 6.8 325 23.3 42 1:3.0
71313 :32 1 7.4 315 22.3 40 13.0

314 8.2 :3113 2:3 .:3 :37 13.0
900 -313 9.0 :3113 25.4 33 13.0

10:30 :31 :3 8.6 3113 24.4 34 1:3.0
1:300 :3133 9.3 295 2’:3.:3 41 1:3.0
1410 298 10.1 290 22.6 ’  41 13.0
i~~:o :71 4 :~ 5 2_ : i~ o
1740 267 11.0 290 25.4 7 1:3.0
18013 266 9.1 295 21.:3 7 1:3.0
1820 255 :3.5 2911 18. :3 5 13.0
1900 258 :3.9 290 19.3 6 13.0
2000 29:3 3.2 3:35 15.2 :3
2 100 244 :3. :3 325 9.1  9 13.0
2150 153 1.3 113 9.6 17 13.0
2210 147 1.0 5 ‘9.6 :354 1:3.0
2230 153 1.1 5 9.1 :354 13.0
23130 174 13.5 :3613 10.1 :354 13.0

DATE 6 7 1977 -

T IME ( G MT:  W I N DS < M . - - SEC) W1NDS(MI --HR ) SHIP (MI .---HR::’
MAGNETIC RELATIVE HEAD. SPEED

DIR. SP. DIR. SF.
:330 271 2.0 345 14.2 :336 13.0
4130 279 :3.3 :340 17.:3 :336 13.0
430 297 6.0 :340 2’4.4 :336 13.0
500 294 4.1 34S 213.:3 331 13.0 L
600 183 0.6 :355 10.7 315 13.0
700 313 9. 1 26S 13.2 88 13.0

FL
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Appendix B

I
LOG OF TOTAL PARTICLE CONCENTRATI ON , VISIBILITY AND

SCATTERING COEFFICIENT

L

II
. l l

125

11
_____  

____________ 

4



I

DATE: 5 15 1977

TIM E - RI TKEN COUNT BSCAI V ISIE:ILI T ’-
~(GMT: :’ : --- C Mf : :  :‘ ( 10-t- —-4/ r’l ::

400 ‘3.8 64
4700 11.5 :30

600 27013 0.5 L
700 34011 0.5 :313
31313 4000 13.5  77
900 4700 0.5 :313

1000 6000 0.5 60
11130 6400 13 .7
1200 5400 0.5 :313
1:300 6600 11.6 72
14130 10000 0.6 :30
15130 5400 0.5 :313
1600 81300 13.5 1313
17013 10000 0.9 45
1800 11500 13.7 6:3
1900 90 110 0 .5 :3’3
21100 7000 0.4 :313
2100 7400 0 , -S :30
22130 60 130 13.5 :311
2:3130 54130 13, F :313

DATE : 5 16 1977

TIME A ITKEN f::JLINT E:SCRT V ISIE:ILIT’ r’
( j13 t- —4 ..- --~f: (KM::

0 5300 13.5 :3i3
101.3 7000 13,4 :313
200 ‘3 ,.~ :313
31313 :3 7’3i3 ‘3, :3 313
41313 .3300 13 .3  :311
5011 - :3413~ 11.4
5130 :3500 13, :3 :30
700 47 130 13~~4
8013 431313 11.4 :313
900 12000 13 . 5  80

1000 20000 0.5 80
1100 5000 0 .5 :30
1200 6000 0.4 1313
1:300 4300 13.4 80
1400 0.7 64
1500 110011 13 .7 72
1600 4131313 0 ,5 :313
1700 40’30 11.5 :30
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DETE: 5 17 19??

TIME A ITKE N COUNT E:SCAT V IS IE: IL IT-?
( GMT ) (.- - -- CM’t3::’ ‘::1g-~— 4. - - -

~1) ‘::KM)
1355 60000 1.7 26

1 
1405 4500 1.3 :37
1415 5000 1.4 :32’

r 1430 5000 1.S 32
L 1455 4500 1.5 :32

1900 4300 1.4 :34
1945 50~ 0 1.4 32
20130 ~ 300 1.4 :32
2015 5000 1,5 :31 H

t -~~ 2030 6800 1.5 31

DATE : 5 18 1977

T IME FI IT KEN C:IJLINT BSCA T V ISIE: ILIT’-- ’
(.-‘CM’t’3) (113-t ’—4/ M )  (KM)

145 521313 1.13 27
210 431113 1.6 29

- .  2:30 4700 1.7 27
5’30 47013 1.7 27
520 1. 7 27
540 43130 1,7 27
600 4:300 1.6 29
700 4200 1.5 23

H- :301.3 :3000 1.8 26
V :3.30 2800 1.9 25

9130 :371313 2.2 22
‘9139
930 2700 2 .4  19

1000 201313 2 .2  21
1100 18130 1.4 :31
121313 1400 0 .6 72
1300 :3000 0.6 72
1400 90130 13.5 72
1500 211313 0.4 :30
1610 12000 0.:$ 613
1700 10000 0.4 - :30
1800 9000 13.4 :30
191113 47013 11.4 1311
2000 2200 0.4 813

2200 15013 13.:3 90
231313 2400 0.4

i-i
[1 
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DATE : 5 19 19?? -

TIME RITKEN COUNT BSCAT VISI E:~ LIT’-r’
(GMT) (/CM-t ~:3) (1g-t- —4,--r.1 : (~~1)0 2600 13.4  :3~100 :3200 0 .5

:31313 3200 13.5 80
4211 20130 0.5 :313
440 21100 0.5 :313
500 2308 0.5 80
600 211.30 0.5 813
640 22011 0.5 30
700 1700 11.5 :30
800 1800 11.5 80
900 1800 0.4 80
1000 17013 1.3.:3 :30
1100 12011 0.3 :311
12130 500 0. :3 :30
1 :300 -500 11.3 :30
1400 450 0 . 3  :313
15130 1:300 0.:3 :313
1600 121113 0.4 :30
1700 :35110 13. :3 811
1800 1350 0.4 313
11330 1200 0.4 :30
19130 1500 0.5 81.3
19:30 15013 0 .5  80 —

2000 9613 0.4 :30
2100 900 0 .4  :30
2200 900 11.4 :30
2250 1513 0.4 :313

DATE :  5 20 1977

T IME A I T K E N  Ct:IIJNT ESCAT “,‘ ISIE:ILITi’
l’iI-t- —4. - - --M::’

0 850 11.4 :3~100 10130 13.5 811
1:3 0 12110 1.3 ,4 :30
2130 0 13.5 :3 i3
30 13 11130 ‘3.5 80
4130 1 180 ‘:i.6 811
51313 1050 11.7 :3 13
6130 920 0.5 80
700 5513 0._ S :30
:3130 430 ‘3.5 311
900 400 0.5 30

11300 250 13.5 80
11130 200 0.3 130
1200 2110 3 .5 :311
1300 400 1 3 .5  :313
14130 :300 0.5 30
15130 600 13 .4  :30

p 16013 2130 0.4 80
1700 :3130 13.4 :313

1930 :31313 0 .5 313
2100 30 13 13.6 72
2300 450 0.7 64 H

- t 1800 750 11.5 130

128
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J BATE: 5 21 1977

TIME A ITKEN COUNT ESCAT V ISIE:ILITi’
V (G MT ) ( — -CM’t 3 ::’ (10’t’ .—4 ..-” M) (K M::

0 350 0.7 64
100 300 13 .5  613

200 330 13.6 72
I 300 .300 0.6 64
1 400 350 13.7 72

430 300 0.6 72
500 250 0.5 77I 600 300 0.6 77

• 71313 350 13.5 77
800 350 13 .5  :313

1 900 650 - 0.5 :313
L 1000 :300 11.4 :313

1100 400 13 .4 :313
1230 0.4 813
2010
2300 4130 0.5
2315 350 0.5 90
23:35 350 0.5 :313
2355 280 13.5 813

DATE : 5 22 1977

T IME RIT KEH COUNT BS CAT VI S I E : IL IT - - ’
(I;MT::’ ( - - - -cr11.3 , 10-t- — 4 - -- - M : :

12130 :350 0 .4
12:30 45 13 0.4
1250 4110 0 .4  :30
1710 200 ‘3.2 90• 17:313 250 13,2  :30
1750 300 0 .3  :30
2:300 250 0.3 :313

DATE : 5 2.3 1977

TIME AI TKE H COUNT BSCAT VIS IBILIT ’i’
(G MT ) (.“CM1~3~’ (113-1’— .4--’-r’-l ) (~~~)200 2711 0.3 90

- 300 350 i3.:3 :30
- 400 :300 0.3 90

500 250 13.3 :3i3
• 600 230 0 .2 80

7013 400 0.2 130
800 400 0.2 80
900 600 ‘3.2 913

1000 5513 13 ,2  80
- 1100 400  0 . 3  :30

129
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DATE: 5 23 1977 CONTINUED

1200 400 i3. :3 80
1330 450 0.4 80

15013 400 0.4 :30

1600 650 13.5 80
1700 350 13.5 :313
1745 3115 . ‘3.6 72
1915 200 0.3 :30
2200 200 0.2 30

2240 13 .2 80
2330 200 13 .2 :30

DATE : 5 24 1977

TIN: RIT KEN COUNT BSCAT V IS IB IL ITY
( 10-t—4/ r’ L

115 200 13.3 :30 ;-
145 2130 11.3 80
300 270 0 .2’  80 - 

-

400 200 ‘3.3 813
430 0 0. :3 80 :
5130 200 0.4 :30
600 200 ‘3, :3 513
71313 6130 3. ’) 15
800 600 1.9 26
900 41313 1.1 43

11300 31313 0 .4 :30
1100 :350 i3. :3 :30
1200 250 ‘3. :3 :313
1255 3130 0.6 30

• 1:330 11.3 50

1400 230 13.3 :31.3
1500 0.3 :30
1600 ‘3.3 :30

1:300 .350 0. :3 80
1900 Ci.:3 :30
2000 6130 0.3
21130 4313 13.3 80

2200 4 130 0.3 80
2300 450 0.4 80

DATE : 5 25 1977

TIME A ITKE N COUNT ESCAT V IS IB IL IT Y
( GrIT) ‘: / CMt3) ( 10-t- —4 .- ’-M::’ (K:M

0 420 0. :3 311
100 500 ‘3.5 :3~32110 520 0.5

600 0.6 80
— 

- 400 580 11.5 80

130 
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DATE : 5 25 1978 CONTINUED

500 650 0.5
600 1000 0 .7  72

1 700 1200 Ci.? 64
800 - 950 0 .7  64
900 1100 0 .7  72
1000 1200 0.7 . 54
1100 1200 0.7 64
1200 1000 13,~; 72

- 1300 1200 11.6
1400 100 0.6 72

I .. 1500 970 0.6 72
1600 900 11.7 64
16:3 0 1150 0 .7 69

- 1 1800 740 0.5 :30
2015 800 0.6 72

- 21130 860 0.6
2200 900 0.7 69

- . 2230 0.7 64

DATE : 5 25 1977

TIME AIT KEN COUNT BSC:AT “ IS IBILITY
(GIlT ::’ ( - ‘C Mf:3 ) ( 10’t’ —4/ M::~ (Kr’-L:’

13 11300 0.7 69
200 1000 0.6 ’  613

- ii 3013 1300 1.0 48
400 1380 1.1 42
500 1250 1 .2  39
600 1300 1.1 :39
700 120’3 1.1 45

V 800 1250 1.1 45
8511 11011 1. 1.3 45
1000 1200 1.0 48
1030 1350 1.0 45
1110 1200 13.9 51
1200 1250 13.9 48
13130 1:350 1.0  45
1400 880 1.11 47
1500 760 0.9 413

I 1540 700 13 ,9 47
1700 1001 13.9 48
19013 11300 0.9 48

1 2000 830 13.9 45
20:30 1100 1.0 45
2045 800

-, 2100 760 1. ’3 45
21:30 720 1.0 45
2200 7013 1.0 4:3
2300 680 1. 13 44

-
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DATE : 5 27 1977

TIME AIT KEN COUNT BSCAT VISIBILIT Y
‘:.GMT) (..- - crl l3) ( 10-t —-4.--’M) (KM::

13 7:30 1.0 45
100 650 0.9 55
200 800 1.4 54
300 760 1.6 29
400 800 1.5 :32’

500 760 2.1 23
600 800 2.1 23
700 760 2.0 23
8130 1100 1.9 27
905 3000 2.2  21

1000 :3000 2.7 19
11130 2380 2.8 17
121313 4500 2.6 19
1300 2500 2.6 18
1:330 2200 2 .6  15
1430 27130 2.6 18 L

DATE : 5 28 1977

TIME AIT KEN COUNT E:S C:AT “ ISIBILIT ’-- ’
(‘~MT) (.—‘f:F1t3:’ (10’t’—4 ..-- M : (KIl)

13 471313 2.2 22.
100 4800 1 .7  27
:300 23 130 1.7 2?
400 5400 4.7 10
51313 :350i3 2.7 16
600 25130 2.0 2:3
7011 2800 1.9 ‘2.5

BATE : 5 :3’) 1977

TIME RI T KEN COUNT E:S C:AT ‘ ‘  I SIE: IL IT’-- ’
(GIlT) ( - ‘c r 113) ( 10-t—4.---r 1 ) (KIl)
2000 2900 0.? 64
2100 2300 0.7 64
2200 1500 0 .6  80
2:300 1700 13 .6 76
2330 1400 0.6 80
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DATE : 5 31~ 1977

TIME AIT KEH COUNT BSCAT V IS IBILIT ,’
- 

( I M T )  ( ..-Cri ’t:3) ( 10-~—4..M ) (Kr •1)
0 1900 13.6 76

400
800 2400 0.6 .

I 900 2100 13.6 :30
I 1100 2100 0 .6  :30

1200 2700 1.3.6 77
1 1300 3300 13.7 64

1 1400 2700 0.7 64
1445 2400 0.7 61

— 1500 0.7 61
1 2110 1300 ‘3.6 77
• 21:30 1300 0.6 76

2155 1550 0.6 71

DATE : 6 1 1977

I TIME A ITKE N COUNT BSCRT V I S IB IL ITY
(I~r’1T) (/CM-t ’3) (10-t’ — 4 ..- -M :’

845 1800 0.9 48
- I 915 1500 0 .2  56

— - 1410 1000 1:1. 7  61
1430 9130 0.5 74
1445 1100 0 .6 59

- 1545 1100 0 .6  77
15:3 0 1150 13 .6 77
1500 16’30 0.7 61

- 
1900 1350 0.2 -53

-. 2000 135’3 0 .5 .56
2100 19013 1.2’ :37

I T ’  2130 1600 1.6 29
223 13 9013 1 .4  ~:32’
23130 900 1. :3 34

I ~~. BATE: 6 2 1977

TIME AITKEN COUNT BSCAT “ ISIBILIT’i’
• (GtIT) (/ Ci ’1 1’3) ( 101’—4..’ri ) (KFi )

13 1700 1.4 32’
r :30 1150 1.2 :39

100 1100 1.1 43• 2130 900 1.3 37
:31313 920 1.3 351 400 1480 1.2 40

1. 500 1600 1 .1 43
600 1900 1.2 42 —

L
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DATE: 6 2 1977 CONTINUED
— 700 1200 1.2 40

800 1480 1.2 40
900 1300 1 .1 40
1000 1380 1 .1 45
1100 1300 1.1  40
1200 1050 1.1 40
1300 900 1.1 42
1400 900 1.0 47
1445 870 1. 1 4:3
16130 1400 1.0 47
1800 900 1.0 45
19130 1200 1.0 45
200 13 1500 1.1 40
21013 10110 1.2 :37
~~ 15 1150 1.4 51
2:300 750 0.6 48 —

2:3:30 0.6 -

DATE: 5 :3 1977

TIME A ITKEN COUNT BSCAT V IS IB IL IT Y
(GIlT::’ (..--C M- t :3 ) ( 10- t— 4 ~-- M. : ( KM::’

0 1158 0 .6 72
1130 1050 0.7 64
200 1400 1.0 45
:3i3~ 1:350 0.3 55
41313 1500 1.7 27
500 1600 1.6 29
600 13130 1 .4  34
700 1400 1.4 :34
800 1300 1.2 :37

1140 1600 2.2 21
1200 1600 1.9 23
1340 :3400 1. 13 45
1400 1800 11.7 61
1420 1100 0.6 65
1440 1300 0.7 64
2110 1150 ‘ 0.7 64
2130 1000 0 .7  64
21513 1000 0.7 61
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DATE: 6 4 1977

TIr1E AI T K E M C ’:’UNT E:SCAT VISIE:ILIT’i’

I ~~‘1T~’ (‘CM’t’3) ( 10~~—4 .
.--M :: <KM .:’

110 750 0.6 64
130 800 0.6 6’9
610 1100 0.7 64

810 1050 0.7 64
850 11300 0.7 61

t 

1 
650 1600 0 .7

I 1410 1100 0.9 48
14:3 0 1000 1. 13 43
1450 1100 0.9 47
1700

1 2010 1700 2.0 2:3
U 2030 1800 2.0 2:3

2050 2000 1.9 24
2230 18513 1.8 2?

- I 2315 1500 2.0 2:3
2355 1550 1.9 2:3

DATE: 6 5 1977

I TIME AITKEN cow-i T E:SCAT “,“ ISIE:ILIT’i’
I (GIlT::’ - 

(..-‘Cr’lt-3) < 10 1— 4 - - r i )
10 1550 1.8 25

_ :30 1350 1.2 371 50 1250 0.9) • 200 1400 1.1
:300 1500 1.2 :37
400 2000 1.1 37
4 15 2200 1.2’ :37
450 :32130 1.4 :32’
600 :30130 i .s  :31

~ 
700 :3500 i.s 29
810 2700 1.7 27

p :3313 22110 1.7 27

I :350 2000 1. ’~ 71
1:355 100  1.5 29
1410 1900 1.5 :313
14:30 1550 1.6 29

1 1450 1500 1.6 29
L 1815 1500 1.2 :37

I 
19130 1550 1.4 :32’

j  2000 15110 1.4 :32
20.55 17130 1.8 26
2200 1600 1.3 34

T 2215 1150 0. ’? 51
I 

— 

23013 1250 13.7 69

I
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TIME RIT KEN COUNT BSCAT V IS IB IL IT Y
GMT::’ (/Cr1 t :3 :’ ( 101—4/ Il) (KM::

0 1150 0.8 55
100 1250 1.13 48
20 13 1350 1.3 35
300 1800 1.3 35 L
400 1600 1 .1 42
51113 2000 1.1 4:3
600 2200 1.0 45
700 2200 1.1 42
800 2300 1.2’ 40
900 2300 1.2 :39

1030 2400 1.4 32’
1300 2500 1.4 52
1410 2208 1.4 :32 H
16313 1750 1.4 :32
1740 1800 1.4 :32
1800 1850 1.4 33
1820 19011 1.4 :32’
1900 2100 1.8 25 1 .
2000 3800 1.7 27
21130 2300 1.3 33
‘150 24~~ 1 ~ 71
2210 3000 1.5 29

• 22:30 4580 1.6 29
2300 2000 1.6 :30

DATE : 6 7 1977

TIME A ITKEN COUNT E:SCAT ‘~,‘ISIE:ILIT’ -~-’

3:3 13 513011 1.5 27
400 4500 1.4 32
4:313 2500 1.3 2’?
500 21013 1. ’? 24
600 12000 2.’? 15
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LOGS OF TEMPERATURES AND MIXING RATIO
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BATE: 5 15 1977 -

TIME TEMPERATURE . AT SELECTED LEVELS
(GMT) SEA SFC. 9M. 2’7t1. 1’

( C) (C) ( I:: ::’
400 23 .8 17.6 17.6
500 20 .5 16.9 16.9
6-00 20 .0 15.6 15.6
700 19.3 1:3.9 13.9
800 18.1 1-3.6 14. :3
900 16.8 14.2 14.3

1000 15.3 13.2 12.9
1100 14.3 12.5 12.5
1200 13.3 11.9 12.1
1300 14.3 12.2’  12.1
1400 13.6 12.1 12.1
1500 1 4 .1  11.9 12.13
1600 13.6 11.7 11.7
1700 13.6 11.9 12.0
18~ 0 13.6 12.0 12.1
1900 13.9 12.6 12.8
211130 14.8 1-3.2 1:3.9
2100 14.3 1:3.2 1:3.9
2200 13.5 13.0 13.1
2300 1 3 . 3  - 12.6 12.9

BATE: .5 16 1977

TIME TEMP ERATURE AT SELEC:TE D LEVELS
‘: GIlT) SEA SFC. 9M. 2?M

( I::.:’
13 14.5 11.9 12. :3

1130 1:3.8 11.2 11.9
200 14.1 11.1 11.6
:300 1:3.8 11.0 11.6
400 13.7 10.9 11.7 - 

-

5013 13.9 10.7 113.9
601:1 12.8 10.5 10.9
700 12.9 10.0 10.6
:300 13.1 - 113.8 10.9
900 12.8 - 1 1.1 11.9

1000 12.8 11.3
1100 11.7
1200 - 1 2 . 2
1300 11.5
1400 12.7
15130 10. :3 Il
1600 10.? 10.4 11.3.8
1700 9.5 113.1 10.7
1900 9.0 L
2000 8.0
2100 9.9
220 11 10.0
2300 10.1
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I BATE : 5 17 1977

TIME TEMPERATIJRE AT SELECTED LE”ELS

I (GIlT) SEA SFC. 911. 2711.
(C ) ‘:. f: : ( I::; ::’ —

0 10.1
100 9.9

L 200 9.6
300 9.5
400 9.0

1 500 9.0 9
600 9.13
7013 8.3 

•8130 8.2
- 9013 8 .0

1000 9.0

-- 1100 7 .7
- • 1200 7 .4

1300 6 .4
1355 13.0
1405 6.0 7.9 :3. 5

- j 1415 0.0
1430 7.9 8.5

- -  1455 7.8  :3.3
1610 6.3
171313 6 .3
1800 # 3

1900 5 .8 7.3
1945 5 .8 7 . 2  7.7
2000 5.5 7.:3 7.3
2030 5.3 7.:3 7.8
2200 4 .9
23013 5.0

BATE: 5 18 1977

TIME TEMPERATURE AT SELECTED LEVELS
(GMT :- SEA SFC. 9r’l . 27F1.

(C) ‘:.C) (C)
- Ci 5.0

1~~ 
100 5 .7

L 145 5 . 4  7 . 4
210 4.? 10.7 14.3

1: 230 4 .5  7.7 13.3
:31313 4 .2 5.0
4013 4.0

r .  500 5.5 6.5 
6~~9

I 540 5.9 6.8 11.9
600 5.1 6.6 8.8

II 145 -

-- -_- 

A 
-
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DATE : 5 18 1977 CONTINUED

700 4 . 1  7.5 9.6 - -

800 4 . 4  6.7 9.9 - 
- -

830 4.1 5.8 8.1
900 4.1 6.0 :3.7
1000 4.3 7.4 10.3 —
1100 4 .3  5.5 6.8
1200 3.9 4.9 5.4 - - 

-
1300 3.9 5.7 6.3
1400 3.9 5.2 7. :3
1.500 4. 3 5.3 6 .3
1610 5 .4  4 .6  4.8
1700 5.9 ~.13 4 .2 ’
1800 5.9 :3.7 :3.9
1900 9.0 3.9 :3.9
2000 6.3 3 .5 :3.5
2200 2 .2  :1.9 3.9 - -

2300 3 .2  :3.3 :3.3

DATE : 5 19 1977

TIME TEM PERATURE AT SELECTED LEVELS
‘~GMT) SEA SEC. 911. 2711.

( C) (C )  ( I:: ::’

0 3. 13 3.2 :3.2
100 :3.3 :3.2’ :3, 1
:31.30 3 .6  .3.0 :3.0 - - -

420 :3 .3 .3.3 :3.2
440 4 . 13  - 3.4 :3 .2’
500 :3 .4 :3.4 -3.2
600 3.6 3 .4  3.2
700 3.3 -3.4 :3. :3
8013 :3.6 :3.6 3. 6
900 3.8 :3~ 3 :3.9

11300 4 .0  3 .3  -3.9
1100 4.5 3.7 3.7
1200 4.4 3.5 3.6
1300 4.6 :3.2 3.3
1400 4.0 3.5 3.6
1500 4 .3  :3.7 3.7
1600 4.9 :3.8 3 .9

L 

1700 4.3 :3.6 3.7
181313 4.1 ~~~~~~~

‘ 7 3  r
1830 :3.8 3.3 3.4
1900 3.:3 3.3 3.3
1930 :3.2 :3. :3j 2000 3.8 3.2 3.3
2100 4.5 :3.3 3.2

~ 2200 4.2 2.9 3.0 
•
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DATE: 5 20 1977

I 
- 

- • TIME - TEMPERATURE AT SELECTED LEVELSI - (G MT:~ SEA SFC. 9r’l . 27M.
- ( C)  (C) ( I ’

— 0 4 . 5  :3.4 3 .41 100 4.9 3.4 :3.3
- 130 -

200 - 5.0 3.3 3.1

I 
300 4.8 2.9 2.8
400 4 . 8  2.8 2’.?
500 4.7 2.8 2.8

I 600 4.4 2.7 2.6
700 4.7 2.7 2.6
800 5.0 2.0 1.9

- 9130 4.9 1.4 1.3-r 1000 5.0 1.2’ 1.0
1100 4 . 1  1.2 1.2
1200 4.0 2 . 3  2.2 ’
-1:300 - :3.9 2.2 2.2
1400 - 2 .9 2 . 1  2.0
1500 2.6 2.9 :3.1
1600 4.0 4.1 4.3

I Ii 1700 6.3 5.2 5.1
1800 - 7 .3  5.9 5.8
19:3 0 - - 7.:3 6 .0 5.9
2100 7.7 5.9 5.9
2300 7.9 6 .4  5. :3

j  DATE: 5 21 1977

TIME TE MPERATURE AT SELEf :TED LE”ELS( GMT :‘ SEA SFC: . 911. 2711.
-~~ 

— 
(I: ) (C::’

13 7.4 6.9 6.?
1013 8. 2’ 7.5 7.5
200 8.9 9.0 9.0

9.0 8.3 3.3
400 9.3 :3.5 9.5
4313 - 

10.6 3.6 5.4
500 9.9 9.5 :3.4
600 9.5 :3.7 8.6

- ?u0 3.,— :::~~ ,- -

:300 ,
~ 0 - :3. :3 :3. 8

- - 9011 9.2 9.2 9.2- 

1000 14.0 11.8 11.4
I - 1100 17.0 12.6 12.0- - 1230 16.4 12. :3 11. ’?

1400 17.4 12.2’ 11.?
L 1500 17.4 12.0 11.6

1600
1800 14.3
2000 14.4

- 2200 14.5
-
~ 2305 13.5 -11.5 11 .1

- 
. 2355 - 1:3.5 

- 

10.9 113.6
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DATE : 5 22 1977

TIME TEMP ERATURE AT SELECTED LEVELS(GMT ) SEA SFC. 911. 27M. . 
-

(C) (C::’ (C:-:’
100 13.5
200 13.6
500 13. 1
6110 13.6
700 13.5 

—800 14.4
9013 15.4

1000 14.6 14.6
1100 15.0 0.0
1200 10. 2 10.0 - -
1230 10.1 9. :31250 10.0 9. 91710 10. 8 10.7
1750 1 5 . 0  10.8 10.?2030 15.5
2300 15.9 11.6 11. :3

DATE: 5 2.3 197?

TIME TEMP ERATURE AT SELECTED LEVELS(GMT -‘ SEA 8Ff:. 911. 2711.(f: ) ( I:: ) ( C :
— 0 15.7

200 15.0 11.8 11.6300 11.8 11 .6400 11.8 11.75130 11. ’? 11.7600 12.0 11.87130 12. 2 1,2.0800 12.4 12.2900 12.5 12.4
1000 12.6 12.61100 12.6 12.61200 12.7 12.71330 12. 9 13.01500 13.2 13.21600 13.3 1:3.21700 13.6 13.41745 13.7 13.61915 13.6 1:3.5
2200 16.8 14.6 14.32240 16.9 14.8 14.?
2300 17.1 

—2330 17. 1 15.2 14.9
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~ I BATE : 5 24 1977

TIME TEMPERATIJRE AT SELECTED LEVELS
I (GMT ) SEA SFC. 911. 27M.
I ( C )  (f : ) <C::’ —

i 50 17.3
~~ 0 17.1

1 
115 17.0 15.5 15.3
145 17 . 1  15.6 15.3
300 17.2 15.7 15.6

1 400 17.5 15.8 15.6
• 430 17.0 15.7 15.6

500 17.4 15.8 15.6
6013 16.6 15. ’? 15.8

~ 1 700 16.8 16.2 16.0
800 16. 7 16.9 16.4• 1 900 16.9 17.0 16.9

, I 1000 17.5 16.5 16.5
1100 17.4 17.4 17.4
1200 18.0 17. :3 

• 
17.2’

1255 1:3.0 15.2’ 16.0
1 1330 17.5 17.2’ 17.2

1400 17.7 17.5 17.4 $
• 1500 17.8 17.5 17. :3

1600 17.9 17.4 17. :3
1800 17.5 17.4 17.3
19013 17.3 17. :1 17. 1
2000 17.3 17.3 17.2

I 21130 17.3 17.1 17.0
2200 16.7 17.0 17.0

- -- 
2300 17.7 17. :3 17.1

DATE : 5 25 1977

TIME T EMF’ERATURE AT SELECTED LE’-,’ELS
(G11T.’ SEA SFC. 911. ~?I1.

‘~C) (f : ;’ (C)
0 17.5 17.4 17.1

• 100 17.5 17 .3  17.1
• 21313 17.6 17.4 17.0

:300 17.6 17.1 17 .0
400 17.5 17.0 16.9
5013 17.7 17.0 15.9
600 17. 1 16.5 16.4

I 700 16.? 16.4 15. :3
:300 16.7 16.3 16.2
900 16.6 16.3 16.2

- 1000 16.2 16.2- 16.1
I -  1100 16.2 16.1 16. 1

1200 16.2 16.2’ 16.3
1300 16.4 16.3 16.4

ri 1400 16.6 16. 5 16 .6
i i  1500 17.1 16.8 16.9
U 1600 17.4 16.8 16.8

16:3 0
[1 1800 17.7 16.9 16.9
L_ 1 - 201-5 17.5 16.7 16.6

2100 17.1 16.7 16.6
~~~~ 

2200 - 1.0 lb. ,- Ib.5
2230 16. ’? 149 16.5 16.4

- a

- 
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DATE: 5 26 1977

TIME TEMPERAT IJRE AT :3ELECTEB LEVELS
(GIlT) SEA SFC. 911. 27M. - -

— 
( i~~) < f : ) ( C )

U 1b.~ 1 i , .5 1’’ .d
200 16.6 16.4 16 .1
300 16.6 15 .3 16.1
400 16.5 16.0 15. ’?
500 16.1 16.0 15.9
600 16.1 15. 7 15.6
700 15.9 15.9 15.8
800 15.9 15. :3 15.3
850 16. 1 15.9 15.9

1000 16.9 16.2 16.1
1110 16 .7 16.3 16.5
1200 16.7 16 .3 16.6
1300 16.7 16. :3 16.4
1400 16.9 15.4 16.6
1500 17.1 16 .4  16.5
1540 17. 2 15.4 16.5
1700 17.4 16.? 16.7
1900 17.7 15. 5 15.5
20130 17.? 16.5 16.5
2030 17.5 16.5 16.4
2100 17.3 16.5 16.3
2130 17.6 16.5 16 .4
2200 16.6 16.4 16. :3
2300 17.3 16 .4 16.1

DHTE: 5 1,
~~I

_ _
I_ _

T IM E T EMPERATURE AT SEL ECTED LEVELS
GMT:. SEA SEC. 911. 2711.

( C )  (C :’ (C >
0 16.’? 16. :3 16.1

1130 16.5 16.1 16.13
200 16.6 15.? 15.6
300 16.1 15.5 15.3
400 16.5 15.4 15. :3
5130 15.5 15.3 15.1
600 16.4 15.2 15.0
700 16 .2 15.2 15.1
800 16.2 15.:3 15.0

• 9135 15.9 15. 1 15.1
1000 15.9 15.0 15.0
1000 15.9 15.13 15.0
1100 15.9 15.0 15.0
12013 15.8 15.1 15.1
1300 15.9 1~~.2 15.2
13:30 15.7 15.2 15.1
1430 15.7 15.:3 15.:3
1700 15 . ?
1900 14.? 15.3 15.4
2000 14.7 15.5 15.6
2200 15.5
2300 15.4 -
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DATE: 5 2:3 1977

TIME - TEMPERATURE AT SELECTED LEV ELS
(I;P1T::’ SEA SFC. 911. 2711.

C (C)
0 17.7 -

100 - 17.8 13.9 19.7
301:1 17.1 17. :3 17.2
400 15.8 15.9 16.2
5013 15.9 15.1 16 .2
6130 - 16.5 17.4 17.5
7013 17.8 17.7 17.7

FT DATE: S 
- 

-30 1977

TIM E TEMPERATURE AT SELECTED LE’-,”ELS
I 

- - (G IlT) S-ER SEC. 911. 2711.
(C c: c: .: ~~i~~ ::

• . 2000 18.?. 17.6 17.5 —

2100 - 17.6 - 17.4 17.2
2200 17.0 16.9 16.3

- .  
2300 17.0 16.3 16 .7

BATE: 5 2,1 1977

TIME TEMP ERATUR E AT SELECTED LEV ELS

~G MT • ’ SEA SEC. 911. 2711.
( C )  :C : ’  (C)

0 - 16.8 16.7 16.5
1013
:300 16 .7
400 - 15.6 15.8 15.9
800 17.5 16.3 15.2

• - 900 17.5 16.7 16.5
1100 17.1 17.5 17.6
1200 1G. :3 16.6 - 16 .5
1300 16.6 16.9 ~ • .9

- 1400 17.:3 17.3
1445 - 17.9 17.6 17.8
1600 18.0 18.0 18.0
1700 19.6
19013 18.2
2000 17.9
2100 18.4
2105 18.0 18.0 18.0
2155 18.3 18. :3 18.2
2230 18.6

- 151
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DATE: 6 1 1977

T IME TEM PERATURE AT SELEcTED LEVELS
(G MT::’ SEA SEC. 911. 2711.

c:C (C: ::’ <c ::
1.3 18.1

100 18 .4 - 

(
2013 18.6
400 18.5 13.5
500 18.3
500 18.6
800 18.7
845 16 .7 18. :3 18.2
915 18.7 - 13 .4 18.2

1100 13 .6
1200 18 .6
1300 19.0
1410 19.1 13.9 18.8
1430 19- .’) 19.0 - —

1445 19.1 18.1 19.1
1545 19.1 18.6 18.6
16:3 0 19.4 18.8 18.8
1800 19.5 1:3.8 18.6
1901.3 19.5 18.7 18.6
2000 19.5 18.8 18.6
2100 19.3 18.6 18.5
21:313 19.1 18.5 18.1
2200 19.2 1;3 .:3 1:3.0
2:3130 19.2 18.1 18.0

DATE :  5 2’ 1977

T IME T EMPERATURE AT SELECTED LE”,”ELS
‘ GIlT::’ SEA SEC. 911. 2711.

— (f:: (C) —

0 19. 1 13.0 17.’?
:31.3 19.4 1 3.1 17. ’?

100 19.5 18.1 17.9
200 19.5 18.4 18.1
:3013 19. 2 18.3 18.1
400 19. 1 18.2 18.0
500 18.1 18.2 17.9
600 - 19.1 18.5 1:3.:3
700 19.3 18.5 18.4
81.30 19.7 18.5 18.6 L
900 19.8 18.5 19.6

1000 20.3 18.7 18.8
11130 20.3 18.9 19.0 {i

_ _ _  

-
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DATE: 5 2 1977 CONTINUED

1200 20.4 20.2 ’  20.4
1:300 20.4 19.5 19.6

: 1400 20.0 19.4 19.5
1445 20.0 19.:3 19.2
1600 20.2 19.3 19.1

• 1800 19.9 19.3 19.1
1900 19.6 19.2 19.0

I ~ 2000 19.6 19.3 19.0
2100 19.? 19.2 19.1
2215 19.6 19.2 19.0
2300 19.9 19. :3 19. 13

DATE : 5 :3 1-977

TIME TEMPERATURE AT SELECTED LEVELS
SEA SFC . 911. 2711.

• <i: > ‘ :C > < t : : ’  —
0 19. •

— 1~~. 5 19. 1
100 19.7 19.4 19.1
200 19.7 . 19 .4 19.2

-
~~ :3i3’) 20.1 19.1 18.9

400 20 .0 19. :3 19.1
500 20. 1 19.3 19.1
600 19.9 19.5 19.4
700 19.9
9013 20.1

1000 19.2 -

I ~ 1140 19.3 19.7 19.?
• 1210 19.8 19.7 19 .7

1400 19.9 19.0 13. ’?
1420 20 .0 19.2 19. 13
1440 - 19.6 19.2 19.1
16130 19.5
17130 19.6
18013 19.7
1900 19.7
20013 20 .3  -

2100
2110 20.0 1-9.6 19. :3
2130 20.0 19.4 19.1
21-50 19.9 19.3 19.0
2205 19.8
2300 20.5

- 
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T IME T EMPERATURE AT SELECTED LEVELS
(CMI:: SEA SEC. 911. 2711.

( C)  (C : :’ (f : )
13 20.5 -

55 20.3
110 20. 1 19.4 19. 1
1:30 20. 1 1-9.4 19.1
200 20. 1
:300 20 .3
400 20.4
500 20.3
610 20.3 19.6 19.4
650 20.2 19.6 19.5
310 20.4  19.6 19.6
850 2 13 .5 19.9 19 8’

1000 20 .2
1100 20.2 .  —
1200 20 .6
13013 2 13.6
1:355 20 .2
1410 20.2’  20.1 20. 13
14:3 0 20.1 20.0 20.0
1450 20.2 2~l.i 19.9
1505 -

1545 20 .7
1700 20.?
1800 20.4
1900 20.9
1 955 20 .6
20 10 20.6 2 - 0 .0  19.8
20:30 20 .6 19.9 19.8
20 50 20.6 19.9 - 19.?
2105 20.6 -

22:30 20.6
2:315 20.8
2:355 20.6

I
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BATE: 6 5 1977 

-

T I M E  T EM P E R A T U R E  AT SELECTED L EVELS
(GIlT .:’ SEA SEC. 911. 2711.

4.. — ‘  - - — — - - — —
L ) L .‘ ‘- .

11.3 20. 5 19.3 19.?
- 1 :3~j  20.5 19.8 19.7
i. 50 20.6 19.8 19.6

• 2130 20 .5 0 .13 0.0
:300 20.?  19.7 19.4

415 20.5 19.6 19.5
- 420 19.6 20 .6 19.8
- r 450 20.6 19.3 19.6

600 20 .6
701:1 20.8

• 8113 2 13.9 20.1 20 .0
3:313 20.8 20.1 21:-s .’)
350 20.9 20.1 20.1 —

1100 21.0
1200 21.0
1:300 21.4
1:355 2 1 . 4

- .  1410 L1.1 20.6 20,:3
1:  14:3 0 21.1 20 .8 20.7

1450 21.1 20.7 20.6
1545 21.0
1700 21.2 - 

- -

1815 21.3 20.3 20.1- . 1900 21 .4  20.4 20.1
20013 21 .4 20 .4  20.1
2055 21. 5 20.5 20.2

- 2200 21.3 20.2 20.0
2215 21 .2  20. :3 20.0
2:300 21.4 20.:3 20.0

I - -

~~~

-

‘ II 155

-
I 

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _

-~~~~

DATE : 6 6 197? ft
TIM E TEMPERATURE AT SELECTED LEVELS

SEA SEC. 911. 2711.
(f : :’ (1 : _:’

0 21.4  20. 1 19. ’?
100 21.2 20.0 19.8
2130 21.0 19.9 19. :3
200 2 1 . 1  20.0 19.9
400 21.4 21:1.0 19.8
500 21.6 20.2 20. 1.3
6013 2 1 3• 3  20.2 2 13 .1
700 21.5 2 1.3 .3 20.1
8013 20.8 20.4 20.3
900 21.0 20.5 20.5

1030 21 .0  2 0 .4  20. :3

1130 
- 

21.0 20.5 20 .3
13130 2 0 . 2  20 .4 213.4
1410 20.5 20 .5 2 13.5
16:3 0 2 1.3 21:1.7 20 .6
17413 21.0 21:1.6 20.2
1800 20 .9 20 .6  20.4
1820 21. 13 20 .6 20.4
1900 21.1 20 .4  2 13 .2
2000 21.1  20 .7 2 13 .6
2100 21.0 21.0 21.0
2150 21.0 2 1.3 .7  20.5
2210 21. 13 20.5 2 1.3.4
223 13 21.0 2 0 .-S 20. :3
2:100 21.0 21:1.5 20.4

DATE : 6 7 197?

TIME TEM PERATURE AT SELECTED LE”ELS
( 111T .’ SEA SEf: . 911. 2711.

c:c :1,

3:30 19.7 19.8 19.6
400 20. 1 19 .7  19.6
430 19.9 19.9 19.7
5130 20 .7 19.9 19.8

I’
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- Appendix D

I
- 

LOG OF AEROSOL CC~4CENTRATI(~4S FOR FIVE SIZE RANGES

I - -

I
IT

I;: -

1. 

-
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BATE: 5 15 1977

TIME AERf’:3CIL CONCENTRATIONS FOR SIZ ES > INDICATED DIAMETER
‘ GMT~ 0 0 1  0 1  0 3  1 2  3 0

400 28 150 2474 4 .9 0.9 0.09
500 4950 1055 4 .2 ’  0.9 13.1:3
600 9207 1301 3.8 0.9 0.11
700 7230 1754 5.0 1.1 0.17
800 8 118 2563 4 .5  0.8 0.0’?
900 12870 1809 4.2 13.8 0 .09

1000 9844 1553 4 .5 1.0 0.1:3
1100 ‘9795 1616 5.0 1.1 0 .14
1200 10630 1872 5 .1 1.1 0.16
1300 11950 1861 5.5 1.2 0 . 1 8  

—

1400 8552’ 1914 4.7 1.1 0.14
1500 9443 226:3 4 . ?  1.0 0.12’
1500 22190 3288 4 .9  0.8 0.08
17130 21130 4953 11.5 1.1:1 0.05
1800 -12110 4:328 5.5 13.6 0.05
1900 38500 3413 2.8 0.4 0.0:3
2000 s~ 3a0 :157 : : U : 13 0L
2100 12320 3:309 0.3
2-200 :3789 254 1 2. :3 0 .4  13.0:3
2:300 957:3 1740 2.0 0. :3 0.0:3

DA TE : 5 16 197?

TI ME A EROSOL CUNC ENTR A T IONS FO R SI Z ES :- - IND I CATED DIAMETER I -
‘ GMT ’ 1 3 0 1  U i  o :  i:

— C Mt: 3 - - - f :Mt- .1 - ---f :M’t- :3 .- - -f : M-1’:3 /Cr~1-t- 3
0 10750 1516’ 1.8 1.3.3 0.0:1

1013 113000 138:3 1.9 0 . 4  0.04
200 N/A N - - A 2 .2 ’  0.5 0.06
L OU 720~ 115 2 5 13 6 0 07
4013 7157 1344 :3.1 0.8 0.09
500 69-11 14:3 8 2.8 0 .6  0.07
6013 6994 169:3 2.5 0.5 0.06
700 7:364 26S5 2.8 fi.4 0.05
800 6245 2 183 2. :3 0 .4 0.05
900 -14430 2268 4.4 13.8 13.08

1000 47990 1’935 5.2 1.1 0.1:1• 1100 N’A H- - A  S .2  1.2 0.13
1200 :3662 2139 4.0 1.13 0.10
1300 9255 2092 4 .1  1.0 0.10
1400 3:333 2411 14.4 3.5 0.45 •

1

1500 H~- A  ft-- A  11.7 2.2 0.17
1600 6987 2412 5.4 1.4 0.11
1700 6530 ,247:3 6.0 1.7 0.14 H
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BATE: 5 17 1977

TIME AEROSO L CONCENTRATI ONS FOR SIZES ::- INDICATED DIAMET ER
(GIlT :- :0 .01 >0 .1 :0.1 >1.2

—‘CM’t 3 /CM’t 3 .— CM -t3 - - -- C M1~3 /CM1’3
1355 N/.A N- - A  -37.0 9.2 0.50
1405 N/A ’ N/A 2:3.2 7.0 0 .34
1415 8593 4308 24.0 6.1 0.32
1430 8325 4298 24.2 6.3 0. :35
1455 7029 4268 25.2 E.G 0.36
1900 7567 4273 N- -A N.— A  0.00
1945 8721 4300 19.6 4 .4  0.28
2000 3776 4369 20.6 4 .8
2015 9737 45:38 20.7 4.9 0.32

P 2030 10460 4603 20.9 4.9 0.2.2

DATE : 5 13 1977

TIME AEROSO L CONCENTRATI ONS FOR SIZES > INDICATED DIAMETER
‘ GMT ’ 0 01 13 1 0 1 1 .. 3 0

.---CM t:3
145 11500 4991 26 .5 5.6-- 210 10230 :39:34 2:1.4 4.1 0.25
2:30 10220 4657 25.2 5.0 0.31
51313 7 164 3834 26.4 4.6 0 .2- 9
5213 7356 :3748 26.6 4.7 0.30
540 760:3 :3594 25.7 4.5 0 .28
600 757:3 :3510 24.4 4 .4  0.23
7130 b~ d6 :3150 22.’? :3.7 0.17-- 8013 5151 2753 24.1 :1.1 0.15
9313 4786 27:39 25.6 2.9 0.15
9Uu 4~~b.~: 

~4’~,- - ~~~~ :~~ .b 0.1,—
909 N/A H/A 40 .5 5 .2 0.63
9313 5034 2044 N- - -- A  N- - A  0 .00

10013 2481 160:3 59.0 11.4 0.00
1100 1814 1283 :32.4 4 .2  0.10
1200 116’? 685 10.1 1.9 0.10
1300 7729 9:34 8.’) 1.1 0.05
1400 15020 9139 4.9 0 .6  13 .0:3
15~ 0 8088 679 3.7 0.3 13.01
1610 40750 204 :3,7 0 .9 0.05
1700 :33100 129 5.0 1.3 0.09
1800 27250 79 5.2 1.4 0.09
1900 16420 294 5.5 1.4 0.10

~~. 2000 5858 79 6.1 1.7 0.12
2200 5806 74 5.2- 1.5 0.09
2300 7270 174 6.9 2 .2 ’  0.17

n
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DATE: 5 19 1977

TIME AEROSOL CONCENTR ATIONS FUR SIZES > INDICATED DIAMETER
(G MT::’ >0.01 >13. 1 >0 .3 > 1 .2  >:3.0

/C Mt:3 /CMt :3 .- --CM’t :3 ,CMt- :3
0 7932 292 7.8 2.6 0.22

1013 9051 471 :3.6 2.8 0.22
300 8456 555 :3.7 2.8 0.26
420 6341 :347 9 .9  :3,3 0.25
440 5149 326 10.7 :1.6 0.30
500 5247 326 11.2’ :3.8 0.3:3
600 :3846 513 11.4 3.8
640 4801 6137 11.6 :3.9 0. :34
700 4:355 

- 

292’ 11. ’? 4 .1  0. 41
:300 - 6188 245 9.5 3.3 0.28
900 :3090 :305 4 ,3  1.5 0.12’

1000 3187 174 2.7 13.8 0.06
1100 175:3 90 - 2 .2 ’  0.7 0 .06
1200 511 59 :3.1 0.9 0.07
1:300 119:3 75 3.2 0.9 0.07 — 

-

14013 119 71 :3.2 0 .2.  0 .03
1500 19:3 94 2 .7 0 .6  0,0:3
16130 528 75 :3.2 0.6 0.0:3
1700 114813 :324 2’.’) 0. 4 0 .02’ -

1:300 4319 289 2.5 1:1.6 13.0:3
1830 1728 176 4 .1  1. 13 0.0 5
19130 2:354 74 6 .1 1.6 0.0’?
19.3 13 4993 71 5.3 1.4  0.09
21:100 2:345 62 4 . :3 1.1 0.0:3
2100 14:38 77 4 ,1  1:1.9 0.0 5
2200 5:37 84 :3.9 0.8 0.05
2250 :3135 11:18 5 .6  1.5 13 .11

DATE : 5 20 1977

TIME AEROSOL CUNf: EHT RAT IONS FOR SI ES > INDICATED DIAMETE R
GMT ’ U 131 0 1 ‘0 1 . -1 U

- - - CM’t3 —--CM -t3 —-f:M-t:3
0 3532 84 5.3 1.5 0.09

100 2875 81 5.7 1.7 0.10
1:30 15:3 1 63 5.8 1.? 0.09
2130 H - - A  ~/A 6.1 1.8 0 .10
300 2;~4:3 124 :3.9 3.0 0.18
400 1722 168 9 .7 :3.2 0.18
5130 2493 226 10.8 :3.0 0.15
600 1509 162 6.0 1.6 0.06
71313 :371 123 6. :3 1.8 0.08
8130 370 G:30 6. :3 1.3 0.09
900 411 57 :3.5 2. ’? 0.15 

~
- -

1000 1174 57 7 .3 2 .4  0.15
1100 45 45 4.0 1.2-  0.06

- 
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DATE : 5 20 1977 CONTINUED

• 1200 92 44 0.7 0 .2’  0.12
1300 94 94 7.:3 2 .4 0.12

1 1400 - 119 71 8.1 2.9 0.2 13
£ 1500 156 - 108 4.3 1.0 0.04

1600 132 :34 :3.3 0. ’? 0.05
- I 1700 161 113 5.2 1.4 0.08

1800 256 157 6~~~~
5 1 . 8  - 0 .11

1930 49 1 137 6.4 1.7 0.09
- 2100 467 113 11.3 3.7 0.26- 

T 2300 163 116 14.7 5 .2’  0 .41

-- - 
DATE : 5 21 1977 - 

-

TIME AEROSOL CONC ENTRATIONS FOR SIZES ::- INDICAT ED DIAMETER
(CMI::’ :>o.oi  ::~o. 1 :::-o.~ : :1 . 2 :~3.0

crit :
1. 0 12-32’ 115 16. :3 5.6 0.47

100 181 137 1~ 7 0 4’~200 171 123 - 12.2 4 .3  0. :31
300 - 16’? 121 10.9 :3. ’? 0. 27
400 9:3 98 12.9 4 .5  0. :36
4.30 168 120 12.9 4 .6  0.37 -

500 158 120 12.3 4.4 0.41:11. 600 150 102 11. 1 4.13 0.38
700 217 71 11.1 4 .1  13.33
8013 2’S ’? 112’ 12 .4  4.8 0.47
900 254 10$ 11 .1 4.4 0.3 2

• 11300 162 6:3 7 .4 :3.2 0.14
1101:1 H - A  N/A 7.0 2.5 0.06

1 1230 N/A N— -A 4.3 1.6  0.08
2010 2:36 - 

93 0.0 0.0 0.00
2300 191 143 :3.3 2.9 13.24

1 2315 293 147 8.7 2.8 13.24
L 2 :3:35 :310 116 7.5 2 .4  13.20

• 2355 ‘ 262’ 116 7 .1  2.2 0.17

- 

I 
DATE : 5 22 1977

TIME AEROSOL CO NCENTRATIONS FOR SIZES > INDICATED DIAMETER
(GM T .:’ >0. 01 ::~o. 1 >0. :3 > 1.2 >3. 13

CM-1’ :3 —C Mt ’3 — -CM-t .3 - - - - CM-t 3 — --CMt 3
r 1200 269 123 7.4 1. :3 13.09
II 1230 490 85 9.2. 2.1 0.15

1250 1:32, 1:3 3 8.1 1.6 0.11
1710 102 -54 4.8 0.9 0.05
1730 N- - A  N/A 4.7 0.9 0.06

• 1750 111 63 5.1 1.0 0.09
2300 450 45 5.5 1.1 0.09

I
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DATE : ~ 2:3 1977 - 

-

TIME AEROSOL CONCEt’ ITRAT IONS FOR SIZES :::- INDICATED DIAMETER - L
(GMT::’ >0 .0 1 :>o . i  - :.~0.:3 >1.2 — :3.0

- - - -- C Mt3 - ,—CM - t :3 — -- CM ’~3 •-‘CM~ :3 ,CMt:3
200 - ~ 86 86 5.8 1.2 0.11 - 

-300 88 - :38 5 .4 1.1 0.08 - -
400 108 61 4.3 0.9 8.1:15
500 1?? 81 4.8 1.0 0.08
6013 124 76 4.0 0.9 0.07
700 26 26 3.4 0 .7  13 .134
800 166 67 :3.9 0.9 0.07
900 114 114 3.7 13.8 0.06

1000 - 428 74 4. :3 0. ’? 0. 06
1100 99 52 4.1 0.7 0.13:3
1200 160 112 4.9 0.9 0.135
1:330 140 92’ 4 .9  0.9 0.04
15130 134 86 5.5 1.4 13.12
16013 214 116 7.8 2 .1  0.1’?
1700 201 i.132 11:1.2 3 . 13 0 .30
1745 N- - A N’:~ . 10.4 :3 .1 0 .2 - 2
1915 2 ’f 21 :3. :3 1 .0  0.05
2200 N/A H 2 .0 0.5 0.04
2240 i N - A  ‘H/A 2 .3 0.5 0.06
2330 :37 :37 :3.1 0.8 13.0?

DATE : 5 24 197?

TIME AE ROSOL CONCENTRATIONS FOP S IZES > INDICATED DIAMETER(CMI:. :0 .0 1  :0 . 1  :0.3 : 1 .2  >3. 13
SC M-t :3 .—-CM-t- :3 .—f : M t -3 .- --CM -t ~3

115 N~-- A  N.-’-A -3. 1 0.7 0.06
145 3’) :31 :3. :3 0.7 0. 137
2.130 T’2 24 3.4 0 .7  0. 1.36
400 21 21 4.6 0.9 0.08
4:30 N•- R ’  H — A 4 . 3  0.8 1:1.05
500 21 21 -5.1 0.9 0.09
500 31 :31 5.4 0. :3 0.06
700 42 :3-7 72.0 - 7 .4  0.35
:31313 53 :39 - 61.0 5.6 0.16
90 13 .322 227 26 .2 2~~7 1:1.15

1000 N/A N A  6 .6  1. ’ 0.19
1100 259 112 5.0 1.3 0 .10
1200 267 120 4.7 1.2’ 0.1:3
1255 510 - 155 14 .2’  1.8 0 .12
13:30 N/A r  N/A 4.3 1.2 ‘3.10
1400 19:3 93 4 .1  1.1 0.08
1500 94 94 4 .0  1.1 0.09
1600 204 57 :3.7 1.0 0.09
1800 11 1 63 3. :3 0 .8 0. 07
1900 H — A  N- - A  :3.1 0.8 0.07
2000 1~~4 76 3.1 0.7 0.0?
2100 169 

- 121 3.1 13 .7 0.0? L2200 189 90 :3.13 0.7 0.06
231313 28:3 - 1:37 6 .0 -0 .8 0.06 

H
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I DATE : 5 25 1977 - 
-

— TIME AERO !~UL CONCENTRATIONS FOR SIZES :- INDICATED DIAMETER
I GMT::’ :0 .01 ~~~~ 

: ::~0.:3 :1.2 - - :3.0
.- -- C M-t’:3 /CM’f 3 /CMt:3 —-Cftt ’ :3 /CM’t -3

0 286 92 5.1 0 .8 13.06
— 100 250 202 - 8 .0 13.9 0 .07

200 128 128 - :3.4 0.9 0.06
3130 232 137 9 .4 - 1.0 0.05
400 317 174 8.2’  0.9 0.06
500 370 562 8.6 1.1 0.07

Lb 600 520 374 10.9 1.6 0.11
700 997 448 10.5 1.5 0.138
800 799 509 1 0 . 9 -  1.5 0.08
900 863 574 113.4 - 1 .6 0 .09

1000 ‘930 688 10.1 1.6 - 13.0’?
1100 952’ 663 9.3 1.4 0.07
1200 1208 517 8.5 1.2 0.06
1300 - 813 476 8.1 1.2 0.05
1400 2049 43:3 - 7.5 1.0 0.05- . 1500 751 462 . 8.3 1.2 0 .06
1600 964 467 :3.6 1.2’ 0.07
16:30 1212 454 8 . 3  1.2’ 13.07

- -  1800 :350 :302 6.7 0 .9  0 .04 -

201.5 586 443 7 . 2  1.0 0.04
2100 7:31 :39:3 7,9 1.1 0.0 5

- 2200 6:32 :393 9 .4  1.2. 0 .136
- 22:3 0 :349 509 7. :3 1. :3 0.0?

DATE : 5 26 197?
- TIME AEROSOL CONCENTRATIONS - FOR SI ZE S > INDICATED DIAME TER

‘~GF1T ’ 0 0 1  0 1  U :  1 2  3 0

0 713 522’ - 9. 13 1.2 0. 136
200 6:30 5:35 :3,7 1.2 0.05
:300 1020 734 10.2 1. :3 0 .06
400 1143 759 11.3 1.4 0.07
500 3070 693 - 1-2.4 1.5 - 0.06
600 922 7:3 1 14.0 1.7 0.06
700 2195 629 - 1:3.0 3.0 0.06
800 1174 579 19.3 2’.S 0.05

• 850 885 547 - 2 13.4 7~ 4 0.0:3
1 10130 840 550 - 16.0 1. ’? 0.04
1. 10:3 0 :363 677 1:3.7 1.5 0.04

1110 735 640 12.6 1.4 0.05

11 1200 :372 6:34 13.6 1.6 0.04
1300 151:3 608 13.5 1.6 0. 136
1400 1068 5:33 14.1 1.7 0.04
1500 976 478: 17.6 2 .2 0.04

- - 163 -
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DATE : 5 2’S 1977 CONTINUED 
-

1540 39:3 504 1:3.9 2 .4  0.04
1700 967 - 530 18.6’ 2.4 0.134
1900 934 498 19.0 2.5 0.04
2000 :355 518 20.1 2.5 0 .04 I t
2030 941 505 20.2 ’  2.5 0.04
2045 729 386 19. ’? 2.5 0.04
2100 681 340 20.8 2.7 13.05 ‘

2130 697 455 20.3 2.7 0 .04
2200 565 374 21.4 2.7 0.04
2300 777 436 21.0 2.7 0.0:3

BATE: 5 2~’ 1977

TIME AEROSOL CON CENTRATIONS FOR SIZES ::- INDICATED DIAMETER [
(GIlT::’ >0.01 >0 .1 ::~0. 3 :~-i .2- :>:3 . 0

.- --f :ftt:3 - --‘CMI’ :3
0 884 502 20. ’? 2.5 0 .134

100 585 :392 20.2 2.5 0.134
200 680 584 2:3.0 :3.2 0.05
31313 1001 76:3 32.13 :3.6 0.06
400 842 556 3 1.7 :3.8 0.06
5013 1280 681 47.9  5 .2 -  0.07
6013 1050 760 5:3 .1 5 .8 0.07
700 1237 :336 50.2’  5.1 0.07 -

800 ‘90:3 807 45. :3 4. 5 0.06
905 2460 907 52.2’  4 .6  0.12’

1000 17:35 947 62.1 5. :3 0.15
1100 22 134 1009 62.5 5.5 0.15
12013 2417 977 57.3 5.6 0.1’?
1300 2460 840 5:3.5 5. :3 0.19
1330 2179 900 60.9 5.9 0 .2 - 0
1430 23-Si 986 59.8 6.2 ’  0 .2- 2 ’

DATE : 5 28 1977

TIME AEROSOL CONCENTRATIO NS FOR SIZE S > INDIC:ATE D DIAMETER
‘ GMT ’ 0 1.31 1:1 1 0 : 1 , 3 U

- - ---C Mt 3 .- --CM -t :3 - --CM - t - :3 — -- C MI’:3 .—CM t: 3
0 6415 1180 54.8 4.7 13.16

100 -5761 1122 45.4 :3.1 0.08
300 2:3 :39 956 42~ 5 :3. 13 0. 13:3
4130 5528 2:391 106.5 1’3.9 0.24
500 :3 :319 1252’ 61.9 5.7 0 .12 -
600 5738 1849 45.3 :3.5 0.07 H
700 2464 1598 41.5 :3.1 0.05

2000 :331:17 169 10.0 2.5 0 .22’  [1
2100 1282 2:34 10. :3 -1.0 0.19
2200 :3418 231 10.7 :3 .2’ 0.21
2300 11312 266 9.7 2.7 0.18
2-330 1247 212 10.0 2. :3 0.19

164 [i~
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I DATE : 5 30 1977

r TIME AEROSOL CO NCENTRATIONS FOR SIZE S > INDI1::ATED DIAMETER
• I GM T ::’ >0 .01 ::-0.1 :0 .3  :1 .2 >3.0

- - --CMt3 - .— - CM’t :3 /CM-t 3 ----Ctl ’t :3
• 0 1875 2:39 7 .1  2’.6 0.17

400 472 131 7. :3 2. :3 0.16
1 8013 2608 394 6.7 1.7 0.08

900 1777 271 6. ’? 1.4 0.06
1100 :3311 852 8.6 1.6 0.07

I 1200 N’-A N — A  :3.5 1.5 0.07
1300 2653 746 10.5 1.5 0.08
1400 2772’ 826 10.0 1.-S 0.09

y 1445 3225 5:39 9.9 - 1.5 0.09
I 

1600 11:3 0 401 10.5 1.6 0.10
2110 1575 217 :3. :3 1. 5 0.09
21:30 1214 227 9 .4 1.5 0.101 2155 1265 :32’S 9 .4  1.5 0.11

I DATE : 5 :31 1977

TIME AEROSOL CONCENTRAT IONS FOP S IZES ::- INDIC:ATED DIAF- 1ETE R
G MT ..’ :0 .01  : 1 3 . 1  ::~0.:3 > 1 .2  ::~3.0

L .---CMt:3 .—1: :M -t :3 .---f:Mt:3 .---C :M-1’:3 .---CM ’t- :3
845 1686 358 13.9 2.2’  0.15
915 1:356 27:3 11:1.2 1.9 0.14

1 1-410 6:33 248 13.0 1. :3 0.0$
j  14:3 0 :304 2-7 1:1 10.8 1.2’ 0.06

1445 791 260 .3.0 0.2 0.0 1
— 1545 1151 262 :3w’) 0.2’  0.111

16:30 850 315 3.2 1:1.2’ - 0.01
1800 179$ 42’S - 4 .2  0.3 0.01

DATE : 6 1 1977

TIME AERO SOL CUNC:ENTRAT IiJNS FUR SIZES ::- INDICATED DIAMETER
-0 .01  :0 .1  >0 .3 : 1 .2 ’  > 3 . 13

**  - --- C M ~ :3 .—CM t :3 — CM~ :3 — --CMt:3 ‘CM-ti
1445 791 260 :3~ Ø 0. 2’ 0 .01
1545 1151 262 : 3 1 3  13 .2  0.01
1630 :3513 :315 3.2 0.2 0.01
1800 1798 426 4.2 0.3 ‘3.01
19’30 1736 446 4 . 7  0.2 0.01

j 2000 1112’ 383 6.7 0 .2 ’  0.02’
2’ lOO 1632 811 6 .4  0 .1 0.01
2’130 1204 624 8.1 0.1 0.01

f 
22:30 79:3 456 6 .1  0.1 0.00
2300 674 4:32 6 .3  13.1 0.80

J il 
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DATE : 6 2’ 1977

TIME AEROSOL CONCENTRATIONS FOR SIZES ::- INDICATED DIAMETER
(GMT:- >o .o i >o. 1 >0.3 >1.2 ’ >3.0

.—-CM t:3 — - - CM’t :3 -‘--CMt :3
13 1127 596 6 .4  0.1 0.00

30 1071 
- 

443 5.2 0.0 13.138
100 685 396 4 .9  0 .1 0.00
200 629 :386 5.8 0.1 0.00
300 7131 411 5.7 0 .1  0.00
400 829 380 5.1 0.1 0.00
500 924 488 4. ’? 0.1 0.00
600 730 440 4.6 0.1 0.00
700 714 425 4 .8  0 .1  0 .00
800 309 472 4 . ?  13.0 0.00
900 :337 448 4.2 0.0 0.00
1000 837 448 • 4.0 0.11 0.00
1100 1032 4:35 4.1 0.1 0.00
1200 899 463 4 .4  0.1 0.013
1300 572 :3 :3 1 4.8 0.1 0.00
1400 527 :3 :35 4 . 5  0 .1  0.00
1445 485 :342’ 4 . 9  0 .1  0.00
1600 57:3 28’? 4 .3  1.3 .1  0.00
1800 4:34 29:3 4.9 0.1 0.00
1900 504 :3 1:3 5 .2 ’  0.1  0.00
2000 954 .320 5 .7  0 . 2 ’  0.13 1 -

21013 692 :352 s . s  0.2’ 0.01
2215 909 409 5.8 0.3 0.03
23130 576 188 2.8 0.2 0.01
23-30 H- - A  N — A  10.2 1.6 0.12’

DATE : 5 :3 1977

TIME AEROSOL CONc:ENTF :AT IONS FOR S I ZES ::‘ IND I CATED DIAF- 1ETE R
(C MI::’ :::o.oi >0. 1 :::-0.s :1 .2 ’  >3.0

0 804 270 12.0 1.7 0.11
100 88:3 3.01 10.8 1.4 0.10
200 8713 3913 19.0 2 .0 13.0:3
300 127’? 414 :3 .6 1.5 0.1.1
400 1263 426 28.3 :3.4 0.16
500 116:3 :37:3 31.5 3.3 0 .11
6013 919 4:33 24.8 2.5 0.09
700 H/A N- -A - ’  26 .2  2.7 0.10
800 2002’ -500 22.5 2.1 0.03

1140 18:32- 912 49 .2  :3.2’ 0.11
1200 2405 614 40.5 :3~ 4 0.10
1340 1720 997 18.6 2.2 ’  0.12’  Ii
1400 1:380 :3 :3 5 14.0 1.9 0.12’  ( 1
1420 1281 :142 10.6 1.6 0 .10
1440 1256 :117 10.1 1.7 0.11
2110 98:3 397 11.7 2.0 0.12
2130 868 2-85 11.4 2.0 0.1:3
�150 1273 272 12.3 2.1 0.11
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BATE: 5 4 1977

TIME A EROSOL CONCENTRATI ONS FOP SIZES ::- INDICA TED DIAMETER
(GMT::’ >0 .0 1 >0 .1 >0. .3 >1.2 ::-:3.13

.- - Crii’:3 .i_.M.t~
:l ,CMt:3 ..,_ F,1.~:3 ,CM-t :3

110 1165 308 11.9 2.0 0.12’
130 554 262 11.5 1.9 0.1:3
610 2200 341 11.5 1.8 0.07
650 1645 368 1:3.1 1.6 0.05
810 1060 318 11.2 1.4 0 .1:15
850 1672 313 12.8 1.8 0.08

1410 806 173 13.7 2 .2  0.1 1
14:3 0 650 :306 15.13 1,9 0.11
1450 824 388 14.4 1.8 0.12’
1700 N - A  H.- A  ~T7A :N’A N — A
2010 144:3 11:107 :30.’) 2~ 9 0 .20
2030 955 717 :30.5 2.9 13.21

- .- 2050 171$ 976 27.4 2 .8 0.20
2230 1615 1020 2 ’S.’) 2.8 0.18
2315 1432 11:195 2’7.2’ 2.8 0.17
2355 1245 662 28.0 2.5 0.12-

DATE : 6 5 1977

TIME AEROSOL 1::fN1::Et~4 TRAT I OHS FUR S I ZES :- I ND I 1::ATED DIAMETER -
. -

<CMI) :-0 .01 :-0.1 : 1 3 . 3  ::~1.2 -  >3 .0
- - 

. - - - f:f’1-f :3 .- - CMt3 .—-c:r’1-t- :3 .— - 1::M-t :3 .- -- f : M -t- :3
10 1736 896 25. :3 2.5 0.18
:30 1102 502 20.2 ’  2 .1  0.16
50 691 548 1.3.5 1.9 1.3 .15

2-00 104:3 464 13.4 1.8 0.1:18
:3 130 15:32 745 14.5 1.8 0.09
400 28 79 775 14.5 1.8 0.09
4 15 2442’ 794 15.0 1.9 1.3. 15 -:
4513 1937 795 16.4  1.8 0.1:3
600 1590 1108 16.0 1.6 0.08
7130 N- - A H/ft 18.8 1.9 0.11
810 1-918 1290 20.4 2.0 0.14
830 1702 1173 19.8 1.9 0 . 14
850 1998 120~ 15.3 i.E 0 , 113

1 r 1355 N- - A  N/ A’ 18.1 2.2 0.15
1410 1560 1029 19.8 2 . 1  0 .14
14:3 0 2034 1084 19.6 2 . 1  0.15
1450 2818 1058 18.9 2.2 ’  0.17
1815 1228 741 14.6 1.7  11.11
1900 1188 752 15. 8 1.6 0.11
2000 1526 836 14. :3 1.3 0.0’?
2055 1396 964 17.4 1.6 0.09

U 
2200 1922 680 12.5 1.2 0.08
2215 1802 495 8.9 0.7 0.135 - 

-

2300 1120 582 7.7 0.6 0.04
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DATE : 6 6 1977 ft
TIME AEROSOL CONCENTRATIONS FOR SIZES > INDIG :ATED DIAF’lETER - -

‘~GMT ’ 0 0 1  1 1 1  U C 1 .  3 0  1
/CM-t:3 ----CM -tI .---f:M t:3 --- CM-ti .---CM t3 L~ -

0 886 504 8.9 0.7 0.04
100 1102 615 11.6 0.8 0.04
200 1697 747 1:3.’? 0.8 0 . 03
3013 1518 885 12.7 0.6 0.0 :3
400 1778 1154 10.8 0 .7 0.04
500 2106 1:3 :37 10.7 0.? 0.04
600 1S’90 1269 10.5 0 .7 0.04 L .

700 2357 1284 10.9 0.? 0.04
:300 2417 1245 11.8 13.8 0 .04
900 2’027 1446’ 12.5 1.0 0.05

10 30 2- 115 15:3 ’? 1:3.7 1.1 0.05
1:300 :3146 16 :37 14. :3 1 . 2  0.06
14113 :3 714 1428 15.6 1. :3 0 .0 7
1630 2917 1:346 15.8 1.3 11.07 -

1740 2253 1453 15.7 1.4 0.06 ,

1800 2:195 14:3 :3 15.5 1. :3 0.07 1
1820 2478 1415 15.8 1.4 0.07
1900 2587 141’? 2 - 1. 1  2. 13 0.139
2’OOO 12-72-0 2338 15.6 1.4 0.09 -

2100 :31 14 1408 1:3.6 1.1 0.07
2151:1 :36139 151:3 16.6 1.5 0.10
2210 5:344 164:3 15. ’? 1.4 0.0-9
2230 4:3 15 i~ 4:3 15.7 1,3 0.07
2-3130 25:35 142-9 15.8 1. :3 13.0:3

DATE : 6 7 1977

TIME AEROS O L CON1::ENT PAT IONS FOP SIZES > IND I1::ATED DIAMETER
- - - 13 .01  :0 . 1  - 1 3 , 3  : :- i.~ -:3.0

— CM-ti .— 1::M~t3 —- CM -~:3 /C:M-t :3 .—1::M-t-:3
.3.30 25-36 1:374 19.2’ 0 . 9  13.04
400 6~~~: i~~i~ :0 : 0 02 1
4:30 :3595 1409 17.5 1.0 0.06 1
51:10 2764 1455 18.0 1.0 0.05
500 :34600 5977 34. :3 1.7 0.07 -
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SEA SPRAY DROPLET SIZE SPECTRA -
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- -- -- • • - .  - - -

.i I

I DATE : 5 15 1977

TIME CCN CON CENT RATION S AT 1 1 ’ .’EN SU PERSAT IJ RATION ST (GP1T. :’ 0. 2~~5S 0 .5 55 1. O~ S8
(/CM~ :3) ‘:. .. cMt3::i .‘CMt3

945 180 510 1120
T 12:3 0 100 :365 970

-. DATE :  5 18 1977

f 
~ T I M E  CCN CIJHI::ENTRATIIJNS AT I IVEN SLIPE RSAT URATIO HS

0. 2~ S5 0. 5~ SS 1. O~ SS
- —  : .. CF’1-1’3) , : . . I : t1-t- :.~) ( . C t 1 t 3 . :’

530 900 1420 2000
945 410 7 2 0  1100

12:3 0 0 105 190
14:3 0 180 :320 500

H 1730 50 115 200
2245 40 95 185

I I .  DATE :  5 19 197?
o 

TI ME f :CN C O N C E N T R A T  I OHS AT Gl EN SU F E R S A T U R A T  II :INS
• ‘ :I ~F-1T ’ 0. 2~-~SS 0.5 .•.SS i . E

- (.— CMt.3 ::’ ( . .-I : :ri -t- 3 ::’
- 445 40 170 450

645 85 :3 :30 :390
I L 945 60 0 0 1 c 1  550

1245 45 70 100
16:3 0 95 160 245
1945 80 125 175

DATE : 5 ~~~~~ 1977

T IM E C:CN CON C :E N T RA T I OH S AT I; I ’ ’ E N  SU P E R S A T U R A T  IONS
( G M T )  0. 2 - .SS 0. 5~-.SS 1. 0~ SS

(.. °C Mt ° .3)

115 60 65 270
500 115 20 0 620
830 60 65 0

• 1230 80 110 145
1715 65 190 450

•

0~ 
° 

211
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L— ~. __ ~.I.
_ 0A~~ - — • -

- ~0000 ~~ •0 0 _ ~~000o~~ 0~~00 O ~~00~~0 00o~ .~00_ —- 00~~ 0~~~~ -o -- ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -



DATE :  5 21 1977

TIME CCN CONCENT RAT I’ :’Ns AT G I V E N  S U P E R S A T U R A T I O N S
(GMT .:’ 0. 2~.SS 0. 5~-~SS 1. 0 - .SS

(/ CM -t- :3 ) ‘: sCpl-t-3)
30 120 130 140

430 110 145 175
1045 75 90 1135
2230 35 120 160
2315 65 105 150

DA T E: 5 22 1977

T I M E  CCN C O N C E N T R A T I O N S  AT Gl EN  S U P E R S A T U R A T I I J N S
(G MT :‘ 0. 2~;SS 0, 5~ SS 1 .(.‘CM-t’ 3 u ( 0 O~

• Cri -t- 3 :‘ ( ..—i: r’1-t- 3
1245 145 150 175
17:3 0 60 80 100

DATE :  5 23 1977

T I M E  C:CN C O N C E N T R A T  I OHS AT G I V E N  S U P E R S A T U R A T  I OHS -(GMT 0. 2~ SS 0. .5~ SS 1. 0~ SS
(.•~CM -t- 3 :. (.. l::~1-t-3::’ (. - C14t-3)

:301) 135 145 150
745 65 :30 95 - .

1415 105 125 150
1745 145 155 160
2330 60 75 

-
~~

L
DATE :  5 24 1977

TIME CCN CONCENTRATIONS AT G I V E N  SU P E R S A T I J R A T I O N S
(‘ ;rlT .’ 0. 2~ SS 0. 5~ 3S 1. 0~ SS

(/ CM -t:3 ::‘ .: ~CM-~3) ‘
-
. / CM-t 3)

130 55 50 65 • 
- 

I945 115 150 185
1245 230 250 270

• 1:345 125 150 170 • -

1615 105 140 175
2130 105 140 170

Ii
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00000 
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DATE: 5 25 1977

T IME CCN CO NCENTRATIONS AT Gl EN SUPE RSA TL IRAT IONS
‘ GMT ..’ 0 .2~ SS 13.5~ SS 1.0~ SS

I /cMt3::’ ( / CM 1~:3)
320 185 2:30 270

• 640 265 . 400 540

I 
935 270 400 8513

1240 340 490 660
1620 360 520 700

— 
2055 300 520 700

DATE :  5 26 1977

~ 4 TIM E CCN CONCENTRATIO NS AT G I V E N  SU P E R S A T U R A T I O N S
GMT::’ 0. 2~ SS 0 ,5~ SS 1 .0~ SS

( .~CM~ :3) ‘:: ..•-°CMt :3 :’
15 440 560 6513

410 475 640 310
830 440 5513 6713

12:3 5 475 580 675
I ~ 1700 480 825 1250

2110 350 4613 570

DHTE: 5 ~~~
-

TIM E CCN CONCENTRATI ONS AT GIVEN SUPERSATU RAT I’ :’NS
‘ Gri T ’ 0 2 13 5 

~~~
- 1 1)

CMt3::’ ~..°°i~:ti -1’ :
2130 475 540 8013
545 490 5o~fl 680
9313 560 :3130 1040

13:30 510 720

DATE : 5 313 1977

TIM E CCN CONCENTRA TIONS AT GIVEN SLIPERSATURAT IONS
(GriT:: 0. 2~ SS 1) •5~.S•S 1.0~ SS

(..0 C F 1t 3 )  (..- CMt:3 )
23:30 190 390 1450

I
DATE : 5 31 1977

- I TIME CCN CONCENTRAT IONS AT Gl EN SUPERSF$TURATIONS
GMT::’ 13.2~ S8 0.5~;SS

(/CMt: 3 ) ( .—°CM - t-3.:’ ‘:: .‘CMt 3) —

1 845 185 280 390
* 

1245 120 380 0
2130 165 290 7513

1 213
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DATE : 6 1 1977

TIME CCN CONCENTRATIONS AT Gl EN SU PERSATL IRAT IOt45
(GriT: :’ 0. 2~ SS 0. 5~ 35 1. I3~~55

( / C M ~ 3 ::’ (,— C M~ 3::’ ( . .- °C M t ’3)
900 180 3113 470

1430 220 340 470
1615 175 200 440
21:30 300 5013 7513 

-
=

DATE :  6 2 1977

TIME CCN CONCENTRATIONS AT G I / EN SUP ERSAT IJRATION S
( G r i T >  0 .2~ SS 0.5~-;39 1.13.85

:313 290 440 6 113 -
445 290 4413 61 13 ~~ .

9:313 25 13 400 5713
1345 290 360 480 - -

1945 23 13 280 340
20013 0 5113 9513
2300 120 1913 250 

-

DATE : 6 3 1977 
-

T I M E  CCN C O N C E N T R A T I O N S  AT G I V E N  S U P E R SA T U R A T I O N S
‘ Gr iT ’ 0 2 S~ 0 5 - 1 ci

230 215 270 670
745 350 450 5513

1145 175 280 6 10
213 13 225 29 13 :3513 - .

DATE : 6 4 1977

T I M E CCN C O N C E N T R A T I O N S  AT G I V E N  SUP ER S A T U R A T I O N S
(G ri T ? 0 .2~ S8 0 .5~ SS 1.0~ SS -

(/CM t3.:’ ( . .-°CM - t - 3~ (,CM~:3) ,,
115 230 260 350 L
630 0 420 5613 Li
8:30 245 320 41313

1430 290 500 6113
2015 690 ~313 0

I
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‘I
0 1  

• 

-

I DATE : 6 5 1977

T I M E  CCN CONCENTRATIONS AT GIVE N SUPERSATUR FIT IONS
( GMT ) 0. 2~ SS 0. 5~ SS 1. 0~ SS

(/ CMI’3) ( .- - C M t 3 . :’ (/Cfi~ 3:~25 780 :3j 13 8413
- 435 620 890 - 1200

835 900 1270 1620
1425 840 1350 1910
1830 9213 980 1020

1 
2240 390 600 870

DATE: 6 6 1977
1 • TIME CCN CONCENTRA TION S AT GIVEN SUPERSATL IRFITIO NS

• (GMT::’ 0. 2~SS U. 5~ SS 1. 0~;SS
( CMt 3 ::‘ ( ~— - i~r•1•t 3 ) ‘:: ‘CM’~3 i

1013 460 600 725
430 825 11350 1230
9013 480 650 8213

18013 620 9513  11013
- 2215 84 13 1220 1600

L DATE: 5 7 1977

I I TI ME CCN CU NCE NTRAT I OHS AT G I ‘ ‘EN SU P E P S A T U R A T  I OHS
L (G MT ) 0. 2~ 8S U. 5~ SS 1 .U ~ SS

( .- CP1~ :3 (.- C M t 3  .-- -CMt: 3
400 670 11130 161313

-
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