
a , AD-A197 94

J Z AEROSOL CHARACTERISTICS IN
-:::- .. . THE_ MARINE BOUNDARY LAYER
* . .OVER THE STRAITS OF

GI. BRALTAR - JUE18

: B.J. Wattle and C.W. Rogers
;: Arvil/elepan Adveaoed Technology Center

Buffalo, NY 14225

DT1C

SEw LECTEDV

U 041988

CHAACESTCS 0N
APPOROTEDORPSJ SRI SE DTSIOF SULIIE

4 r

%.fab NY 1421

t : ...APROVED FOR Pu9L1C RELEASE-. DISTRIBUTrION 18 UNLT.E Der=o .



lAMIIED tMESTORS MAY MNAIN D1T10#AL COPIES

FROM THE DEFENSE TECHNICAL INFORt'ITION CENTER.

ALL OTHERS SHOU APPLY TO THE NATIONAL TECHNICAL
IMFORI"*TION SERVIE.



UNCLASSIFIED
SECURITY CLASSIFICAtION OF THIS PAGE

REPORT DOCUMENTATION PAGE
la. REPORT SECURITY CLASSIFICATION 1b RESTRICTIVE MARKINGS

UNCLASSI FIED
2a. SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION/AVAILABILITY OF REPORT

2b. DECLASSIFICATION / DOWNGRADING SCHEDULE Approved for public release;
distribution is unlimited

4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S)

CR 88-03

6a. NAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION
Arvin/Cal span Advanced (if applicable) Naval Environmental Prediction
Technology Center Research Facility

6c. ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code)

Buffalo, NY 14225 Monterey, CA 93943-5006

8a. NAME OF FUNDING/SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

ORGANIZATION Space and Naval (if applicable)
Warfare Systems Connand PMW-141 N00014-85-C2393

8c. ADDRESS (City, State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS

PROGRAM PROJECT TASK WORK UNIT
Washington, DC 20363-5100 ELEMENT NO. NO. NO. ACCESSION NO

63704N X1596 0500 DN656785
11 TITLE (include Security Classification) Aerosol Characteristics in the Marine Boundary Layer

over the Straits of Gibralter - June 1986 (U)

12. PERSONAL AUTHOR(S) Wattle, B.J. and Rogers, C.W.
13a,1 Pl7aPORT 13b. TIME COVEREDo  514. DATE OF REPORT (Year, MonthDay) uS PAGE COUNT

ina ~FROM 5/86 TO 12/87 18,Arl8

16. SUPPLEMENTARY NOTATION

17 COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP Aerosols Size spectra Straits of Gibralter
04 02 Visibility Boundary layer

Optical depth Mediterranean Sea
19 ABSTRACT (Continue on reverse if necessary and identify by block number)

-Measurements of aerosol characteristics in the marine boundary layer were taken during
a two-week cruise through the Straits of Gibralter. Observations of Aitken nuclei
concentration, aerosol size spectra (0.01-100 9-m diameter), aerosol composition, visibility
(scattering coefficient), optical depth (sun photometry), temperature, humidity, winds and
cloud cover were acquired during daylight hours. The data show that surface visibility
fluctuations correlate well with particle concentration in the 0.56-1.78 AiM size range.
Surface relative humidity and particle composition appear to be the factors that control
concentration in this size range.

These data will be used as ground truth for techniques which retrieve aerosol data
from satellites. This experiment was well suited for such an application, since there was
little cloud cover to obscure satellite measurements; and comprehensive, consistent
aerosol measurements were successfully taken. . -

20 DISTRIBUTION/AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
U(UNICLASSI FIEDY'JLIMITED i SAME AS RPT C3 DTC USERS UNCLASSIFIED

22a NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (Include Area Code) 22c. OFFICE SYMBOL

Ms. Julie Haggerty, contract monitor (408) 647-4757 NEPRF WU 6.3-19
DO FORM 1473,84 MAR 83 APR edition may be used until exhausted. SECURITY CLASSIFICATION OF THIS PAGE

All other editions are obsolete. UNCLASSIFIED i



CONTENTS

1.0 Introduction ....... . . 1

2.0 Summary of Results ...... 1

3.0 Instrumentation . . ...... 2

4.0 Experimental Procedure . . . 5

5.0 Cruise Track and Daily Activity Summary 5

6.0 Discussion of Results ... 19

6.1 Overview of Visibility Conditions . 19
6.2 Optical Depth ..... . . . 21
6.3 Mixed Layer Depth Influence

on Optical Properties .. . . . 24
6.4 Relationship of Visibility

to Aerosol Concentration . 28

References . . . . . . . . . . . . 36

Appendix A -- USNS LYNCH Hourly
Meteorological Observations . . A-1

Appendix B -- Aerosol Size Spectra and
Elemental Particle Composition for
the USNS LYNCH Cruise . . . . . . B-1

Appendix C -- Optical Depth Computation

Computation Technique . . . .. C-1

Appendix D -- Observations and Elemental
Particle Composition from
the USS AMERICA Cruise .. .. . D-1 s

Distribution . . . . . . . . . . Distl

Acession For

NSCPA&I

t X ". . .

C i b l' )!I/

A - I y



1.0 INTRODUCTION

Under sponsorship of the Naval Environmental Prediction

Research Facility (NEPRF) through Contract No. N00014-85-C-2393

with the Naval Research Laboratory (NRL), Calspan Corporation

obtained sun photometry, meteorological and aerosol physics data

during the Naval Ocean Research & Development Activity

(NORDA) cruise 707-86 aboard the USNS LYNCH (T-AGOR 7) -- i.e.,

the Gibraltar Experiment portion of the Western Mediterranean

Circulation Experiment.

Data were acquired from 17 to 30 June 1986 during daylight

hours in the Straits of Gibraltar. A data volume summarizing the

data set was issued in January 1987. This final report provides

analyses and interpretation of the data.

Radiosonde, sun photometry, visibility and other meteor-

ological data, and Casella impactor samples were obtained by

NEPRF personnel while aboard the USS America (19-26 June)

during a cruise from Palma, Spain to the Straits of Messina

(between southern Italy and Sicily). Included in Appendix D of

this report are tables of the optical depths, visibility, Aitken

Nuclei concentration and relative humidity and Elemental Particle

Composition from the USS America cruise.

2.0 SUMMARY OF RESULTS

The objective of Calspan's participation was to record the

solar intensity, visibility and other meteorological data, and

physical characteristics of aerosol from a surface o serving

platform in the Straits of Gibraltar for subsequent interpretive

analyses. Several conclusions and recommendations have resulted

from our data analysis efforts.



Possibly the most novel piece of information obtained

from our analyses concerns the surface mixed layer depth. It

appears that the capping inversion at the top of the marine

boundary layer is not always the top of the mixed layer. The top

of the mixed layer can be below the inversion base with a de-

coupled layer existing between the mixed layer and inversion.

Several estimates of boundary layer aerosol optical depth were

found to agree better with measured aerosol optical depths when

the mixed layer depth was used to define the marine boundary

layer.

Surface visibility fluctuations were found to correlate with

particle concentration in the 0.56 to 1.78 micron diameter range,

and the surface relative humidity and elemental composition of

the particles controlled to a large extent the concentration in

this range. Visibilities of 5 to lOkm were associated with

particle concentrations of >60 per cc in this size range, 10 to

30km visibility with 20 to 60 particles per cc, and 30-70km

visibility with < 20 particles per cc. The lowest visibility

occurred on the 18th and the highest on 21-22 June.

3.0 INSTRUMENTATION

Calspan instrumentation deployed aboard the LYNCH and data

acquisition parameters are listed in Table 1. Small particle

instrumentation (items 1-3 in Table 1) was mounted on benches in

the chart room aft of the bridge. Sample air for these

instruments was drawn through a two inch (inside diameter), 30

foot long sample tube by a pump. Each instrument's sample pump

drew the required amount of air for operation from this supply.

Residence time in the two inch tube was approximately 30 seconds.

2
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The HSS visibility meter was mounted on a railing above the

bridge deck on the port side near the sample supply tube inlet.

Drop replicates and Casella impactor samples were taken at this

level also but as far forward as possible. All sampling loc-

ations were chosen to minimize contamination from the ship and

bow spray. Meteorological observations, sun photometry and

psychrometric data were obtained on the bridge deck. Wind speed

and direction were recorded from the ship's wind system, located

20 meters above the sea surface. Ship's position, speed and

direction were obtained from the onboard Satellite Navigator and

from the LYNCH deck log.

Daily checks of instruments' flow rates and calibration test

points were performed and slight adjustments were made when

necessary.

Sun photometry data at several wavelengths, sea surface

temperature, and meteorological observations were obtained hourly

by NEPRF personnel aboard the USNS Lynch. In addition,

radiosonde data were obtained at 0800 GMT and 1200 GMT daily

during the cruise. These data are not reported here.

The Casella impactor samples were analyzed using scanning

electron microscopy for approximate size determination and energy

dispersive X-ray analysis of individual particles for elemental

composition. Drop replicates were photographed, sized, counted

and analyzed via computer routines to provide aqueous particle

size spectra at sizes >3 um diameter.

Appendix A and B contain hourly tabulations of observations

(reproduced from the data volume), aerosol size spectra from

the EAA, Royco and Drop impactor, and aerosol elemental

4



composition from the Casella impactor.

4.0 EXPERIMENTAL PROCEDURE

To provide a complete aerosol characterization of the

Straits of Gibraltar region for use in visibility modelling, we

obtained aerosol data during daylight hours when visible wave-

length satellite imagery would be available. In particular,

emphasis was placed on obtaining complete aerosol size spectra

(.01 to 100 micron) and aerosol chemistry data between 1000 and

1400 GMT each day to coincide with satellite overpasses.

Upon departure from Rota, Spain, acquisition of meteorolo-

gical data began immediately. Upon reaching the Straits of

Gibraltar, the acquisition of aerosol data began. In general,

readings were taken on the hour. Special observations were made

to coincide with satellite overpasses or to characterize signif-

icant changes in the meteorology or aerosol character of the air k

mass. Continuous operation of particle sizing instrumentation in

the 0.01 to 10 micron range pinpointed changes in the aerosol

character of the air mass. Samples acquired with the droplet

impactor and Casella impactor characterized any changes in the

aerosol character of the air mass in more detail.

5.0 CRUISE TRACK AND DAILY ACTIVITY SUMMARY

Short summaries of daily activities and discussions of
S.

meteorological phenomena observed during the cruise are presented

in this section. Each summary is accompanied by a chart of the

ship's position and movements for each day of the cruise period.

Local daylight time in the operation area of the cruise is GMT +
0

2 hours. All reference to time in this report is in Greenwich

Mean Time (GMT). 5
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The LYNCH left the pier at Rota, Spain Naval Base at .

0742 GMT and cleared the harbor entrance at 0805 GMT. Skies were .
mostly cloudy with 4 km visibility in haze. First observa-,

tions were taken at ii00 GMT, skies were still stratus overcast.
By 1200 GMT, cloud cover had reduced to 0. 1 thin cirrus. As the

LYNCH continued south toward the operation area, cloud cover

reduced to 0.1 thin cirrus. We reached first station at 1430
GMT and remained there for the rest of the day. At this location

visibilty was 15-20 km, cloud cover was 0.1 thin cirrus which

increased to 0.7 cirrus by dusk. observations ended at 1900

GMT.
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During the night, we moved north to a point -'15 kilometers I.

from the Spanish coast. Observations began at 0600 GMT. The

ship travelled south along the -6 degree longitude line all day .

to a point '15 km off the Moroccan coast by 1400 GMT. Skies were _

overcast with cirrus and stratus all day, precluding sun photo-

metry measurements. At 0700 GMT, the wind direction shifted to
ElSE and wind speed increased from 2 meters/sec to 7-8 meters/sec

with whitecaps becoming more frequent. As we continued south, by
0900 GMT, winds subsided to 1-2 meters/sec and direction shifted

to southwesterly. Whitecaps decreased in frequency and visi-

bility improved from 4 km to 10 km. At 1600 GMT, wind direction

again shifted to E/SE and speed increased to 6 meters/sec as we
headed north to Spanish side of Strait to redo stations along the

6 degree longitude line during the night.

The wind regime in the Strait appears to have been easterly

in the north half of the Strait and west to southwest in the
south half, with higher wind speeds associated with the easterly

f7om
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Observations began at 0600 GMT. Our position was s 7 km off
-the Moroccan coast. At that time, seas were calm, thin cirrus

were overhead and visibility was 3 km in haze. We moved north
from 700 to 0900 GMT to a position 2-3 km off the Spanish coast.
We remained there for 6 hours. During that period, skies were

0.1 cirrus in the east half of the sky, but these did not ob-
struct the sun. Sun photometry measurements were obtained from
0700 to 1700 GMT. Early in the day (in the southern half of the

Straits) winds were .'2 meters/sec with variable direction.

Beginning at 1015 (at station off Spain), winds shifted to SE and A
speed increased to 6-9 meters/sec. Whitecaps formed during this

period. By 1400 GMT, the wind direction shifted to W/NW and N '
speeds decreased to 3-4 meters/sec. Drop replicates and Casella ,
samples were taken to document the change in aerosol charac-
teristics associated with each of these wind regimes. Visibility.
was generally near 20 km in haze with an increase to 27 km after .
1400 GMT, associated with the shift to westerly winds. After
1600 GMT, we moved south to a point 10 km NW of Tangier, Morocco. .

Major brush fires appeared just inland of the Spanish coast.'
yesterday mnd today. A significant amount of smoke is output by -

these fires and may contribute significantly to the aerosol bur- .
den over the Straits. On the evening of 18 June, a plume from
this fire area was estimated to be s6 km long and was brown in
color and extended in a easteily direction. Wd
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20 JUNE

Operations were conducted in the middle of the Straits, due
north of Tangier, Morocco. This day was mostly cloudy with stra-
tus and strato-cumulus. Cloud cover reduced to 0.5 for a brief
period in the afternoon, but quickly closed up again. Substan-
tial clearing occurred after 1600 GMT, though too late for peak
sun photometry. Winds this day were W to SW before 1000 GMT, but
shifted to NW after 1000 GMT, associated with a frontal passage.
Visibility increased f rom 25 km bef ore 1000 GMT to >40 km af ter ,
with a particle concentration change from 12,000/cc to 4000/cc
heralding an air mass change from mixed/continental to mari-
time.
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The ship spent the entire day at station '15 km north of

Tangier, Morocco. Early morning strato-cumulus cloud cover (0.8)

reduced to 0.3 strato-cumulus by 1030 GMT (mainly over land).

Early morning visibility wasA 64 kin, afternoon visibilites,-80 km.

Particle concentrations averaged near 2,000/cc. We were in the
air mass behind yesterday's frontal passage. Excellent sun

photometry today; no cirrus near sun all day. Few cumulus formed
over the hills of Morocco during the afternoon. Northwesterly

winds at 5-7 meters/sec blew all day. Suspected photochemical

haze became visible over Tangier, Morocco after 1800 GMT, though

it did not extend to our location.

0 510 Km
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At station 22 June
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6*00, 540'  5020,

2 2 JUNE

The entire day was spent at station on the east side of the
sill (n10km eastrlysterday's position). This day's weatherl
was nearly a duplicate of yesterday's. Cumulus at 0.5 coverage
decreased to 0.a by 0700 GMT and remained that way for the rest
of the day. Excellent sun photometry (no cirrus) all day. Par-ticle concentrations were slightly higher today than yesterday
but with lower RH. Visibility remained >50 km all day. Winds
began northwesterly, shifting to more westerly and southwesterly
by afternoon. Wind speeds were fairly steady at 5-7 meters/sec.
Small whitecaps formed at 1400 GMT and persisted for the remain-

der of the day.

11
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Overnight, we headed east to Gibraltar harbor. In the early

morning we entered the harbor to receive delivery of computer
tapes; we then headed east to station in the Mediterranean, 25km

east of Gibraltar, arriving at -0930 GMT. Skies were clear
with strong (9-15 meters/sec) SW winds. Sun photometry was very
good today with only a few scattered cumulus in the sky. White-
capping was very common while at station. By 1400 GMT, we were
heading southwesterly back into the Strait, arriving 6km south of
Tarifa by 1700 GMT. During this travel, fires began app-
earing inland on the Spanish side of the Strait near Gibraltar.
Smoke was spreading out over the Mediterranean behind us. Winds
continued SW at 6-9 meters/sec, skies remained clear for rest of
day.

12
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The cruise track for this day consisted of a westward head-
ing to the first station we worked on 17 June, then a return

eastward to our starting point for this day. A fairly dominant
cirrus fibratus cloud deck covered 0.3 to 0.6 of the sky through-
out the day, reducing the sun's intensity slightly.
High visibilities of the last few days were replaced by ,30km
visibility most of the day. Westerly winds at 5-7 meters/sec
continued all day.

13
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25 JUNE

The entire day was spent at station -10 km south of Tarifa,
Spain. Generally higher relative humidity than past few days
(80-90%). Early morning strato-cumulus (0.7) slowly dissipated
to 0.1 cumulus over mountains by 1200 GMT. No cirrus today and

surface horizontal visibility was quite good (30-50 km), yet peak
sun photometer reading was significantly lower than yesterday.
It appeared more hazy aloft; visibility when looking on a slant
appeared much lower than when looking horizontally. Winds pre-
dominantly out of the west to northwest at 2-4 meters/sec blew
all day. Seas were fairly calm most of the day, no whitecapping.

14
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We began the day -2km off the Moroccan coast. We travelled
northward -5km and spent 2-3 hours in the early morning locating
and retrieving a current meter. After retrieval, we headed NE to
yesterday's station position, where we remained for the rest of
the day. During retrieval operations, skies were 0.9 strato-
cumulus covered. Upon reaching station (0900 GMT), overcast had
cleared to 0.2 strato-cumulus. Westerly winds at 5-6 meters/sec ,j
continued all day, producing a few whitecaps. From 1100 to 1500
GMT, skies were clear with no cirrus. Maximum sun photometer
reading was at 1200 GMT. Particle concentrations were low
(1000 to 1500 per cc); relative humidity was near 80%.

15
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During the night we moved out of the main shipping lane to a
point -10km off of the Spanish coast (near Cape Trafalgar). By
1000 GMT we were at station on the west side of the inner sill,
to spend 48 hours in this location. The day began with a 0.8
broken stratus deck in all sky quadrants. By 0900 GMT, as we
approached station, this cloud deck had reduced to 0.1 mainly
over land. Rest of day's weather was clear with some haze and a

~few small whitecaps (from 0900 GMT until observations ended at
-'i 1800 GMT). Winds were northwesterly all day, bringing maritime

air into the Straits. Relative humidity was in the low to mid
80Z's most of the day.
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At station west I
of sill all day I

MOROCCO
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6:00, 5040' 5*20,

28 JUNE

Continued operation west of inner sill all day. Began the
day under a southwesterly flow with visibility near 19 to 23 km
and 0.3 strato-cumulus cloud cover. At 1200 GMT, visibility in-
creased to 37km, relative humidity dropped from the mid 80%'s to
the mid 70%'s, wind shifted to a WNW direction, and skies became
clear. Early morning aerosol may have some continental influence
evidert, afternoon air is more maritime in nature. Photochemical
smog (yellowish-green haze layer) formed along the coast, over
and downwind of Tangier, Morocco; did not appear to extend out
to our location.

0
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overnight return to Rota, Spain. A few early morning stratus
clouds gave way to brilliantly clear skies in the afternoon.
Similar to yesterday, prior to 0900 GMT, winds were southwesterly
with 0.3 strato-cumulus and visibility of 15-20 km. Concurrent
with a wind shift to WNW at 0900 GMT, visibility improved to
-50 km and RH decreased. Wind direction remained northwesterlyN.
throughout the remainder of the day and RH was in the mid 60%'s.:2

Observations ended at 1600 GMT, 29 June. Equipment tear-
down began at that time. We arrived in port (Rota) the follow-
ing morning at 0900 GMT, 30 June 1986.
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6.0 DISCUSSION OF RESULTS

6.1 Overview of Visibility Conditions

Hourly ship positions presented in the previous section

show that, in general, the ship remained in the Straits of

Gibraltar for the duration of the experiment. Early in the

experiment, north/south transects of the Straits were made,

followed by several days at station just south of Tarifa, Spain.

East/west transects through the Straits dominated the latter half

of the cruise.

An overview of the visibility conditions encountered during

the WMCE field trip is presented in Fig. I , which contains the

time history of visibility, aerosol concentration in the 0.562-

1.78 um diameter size range and relative humidity (RH). The

plotted values are the 1200GMT observations for each day.

The visibility was near or above 50km for three periods,

20-22 June, 25-26 June and 29 June; visibility was near 40km for

one period, the 28th; visibility was around 30km for two periods,

23-24 June and 27 June; and visibility was in the 10-20km range

for the remaining period, 18-19 June. The visibilites encoun-

tered on the WMCE field trip thus spanned a wide range of condi-

tions. Very low visibilities (<2km) were not encountered during

the experiment period in this region.
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Figure 1. Time history of Relative Humidity, Visibility and
Particle Concentration (0.56 to 1.78 micron) for the
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6.2 Optical Depth

Aerosol optical depth provides an indication of the general

level of atmospheric aerosol burden. Since much of the

atmospheric aerosol is located in the planetary boundary layer in

the Straits of Gibraltar at this time of year, the aerosol

optical depth is also a measure of aerosol burden in the boundary

layer. This information can also be used as an indication of the

relative day by day aerosol content for characterizing the

relative "cleaness" of the air.

6.2.1 Definition Of Optical Depth

Optical depth is defined as

where @ is the volume extinction coefficient,

A wavelength of radiation and the integral is for the

pathlength, H, over which the optical depth applies. Our

measurments are concerned with optical depths over the entire

depth of the atmosphere at wavelengths primarily in the visible

portion of the spectrum.

In particular, we measure solar radiation over a 5 nanometer

(nm) band pass centered at 502 nm. At this wavelength, solar

radiation passing from the top of the atmosphere down to the

earth's surface is affected not only by aerosols but also by

Rayleigh scattering and absorption by ozone. The reduction in

solar radiation at the earth's surface from these latter two
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effects can be accounted for and the aerosol optical depth can be

computed from the measurement of solar radiation at the surface

and the value of solar radiation at the top of the atmosphere.

The measurement technique and computation procedure are found in

Appendix C. A tabular listing of the optical depths for the WMCE

cruise aboard the USNS Lynch and USS America are found in

Appendices A and D, respectively. Optical depth data from the

USNS Lynch will be discussed in this report.

6.2.2 Overview of Measured Aerosol Optical Depth

Sun photometer readings were taken every hour on the hour

from 0800 to 1800 GMT, cloud cover permitting. The period 19- 29

June provided good sun photometer measureme2nts except for the

20th, and 24th when cloud cover intervened. Experience

gained on past field programs has shown that measurment errors

are minimized for the few hours centered around noon, and this

set ot optical depths exhibits the least scatter. In addition,

since the technique is sensitive to low solar elevation angles,

optical depth values computed from solar radiation measured in

early morning and late afternoon appear large compared to those

computed during midday. For these reasons, the average optical
I

depth for midday (1000-1400 local time) is used in the following

analyses and discussions of optical depth.

Fig. 2 shows a plot of average optical depth versus days,

accompanied by visibility and number of particles in the 0.562-

1.78 um diameter interial. This figure is a repeat of Fig. 1

with optical depth appearing in place of relative humidity.

Recall (Cf. pg. 20 ) that the peak in visibility during the

20th-22nd was assocaited with relative humidity below 70%

22



CYu

/,/
r-.

/

N Li

CD

CMu

(NJ

.p

•1 ' '%

0 %,

-OK

ad~r- zd Li ed d icy Cuj - M7= t'- CC Lii ' M u-

0n ZOS'0 IV HId' lVJIIdO (W1) ,lIISIA (wdf8L'I-9gS) "N03 3-11IVd

Figure 2. Time history of Optical Depth, Visibility and Particle
Concentration (0.56 to 1.78 micron) for the LYNCH
cruise. Values plotted are for 1200 GMT.

23



and the peak on the 25th with relative humidity of -80% and low

winds speeds and few sea salt particles.

In general the optical depth values vary as expected with

the surface visibility. The lowest optical depth values, <.025,

occured on 21, 22, 23, and 29 June and are associated with

two periods of high visibility (>50km), low particle count,

and low relative humidity (70%). The medium values (-0.10) on

the 27th and 28th are associated with surface visibility in the

30-40km range. Finally, the largest optical depth of 0.20 is

associated with the lowest surface visibility, 15km, observed on

the 19th.

6.3 MIXED LAYER DEPTH INFLUENCE ON OPTICAL PROPERTIES

The marine boundary layer is generally considered a

well-mixed layer extending from the ocean surface to a capping

temperature inversion. Recent published research in scientific

journals has discussed certain situations, primarily in the

presence of stratocumulus clouds, when the marine boundary layer

can be decoupled into two layers, a lower well-mixed Eckman layer

and an upper cloud layer. From the WMCE optical depth data, we

have found that several estimates of optical depth compared more

favorably with the observed values when the well-mixed Eckman

layer depth, as opposed to the boundary layer depth defined by

the base of the temperature inversion, was used determine the

estimates.

The occurrence of this phenomena in the marine boundary layer

may have serious implications in attempts to model the optical

and other properties of the marine atmosphere. The height to

which surface aerosols are mixed determines the amount of
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dilution that occurs, and the surface moisture mixing height

determines the boundary layer's relative humidity profile,

influencing the extent of aerosol growth and the amount of

related light scattering. This also has a role in the formation

and existence of clouds in the marine boundary layer.

6.3.1 TECHNICAL BACKGROUND

Recent investigations by Telford and Wagner (1981),

Nicholls, et al (1983), Nicholls (1984), Rogers, et al (1985),

Rogers, et al (1986), Nicholls and Leighton (1986), have produced

extensive evidence that the cloud layer is frequently decoupled

from the sub-cloud, mixed layer.

Rogers, et al (1985), attribute the decoupling of the cloud

and subcould layers to entrainment of warm, very dry air at the

cloud top. Nicholls (1984) recognizes the influence of

entrainment but also establishes the importance of other cloud

related phenomena in decoupling the two layers, such as cloud

vert! m.tion driven primarily by long wave radiation and

clou ater precipitation at all levels.

The existence of the two isolated layers can be detected

from conventional profile data. A typical example of atmospheric

profiles under these conditions in the North Sea is given by

Nicholls (1983); similar profiles have been presented by Rogers,

et al (1985). The most prominent features used in identifying

the top of the mixed layer are the small change in mixing ratio

(Q) at the top of the mixed layer and a reduction in turbulence

intensity at that level. A reduction in equivalent potential

temperature above this level from the constant value below this

level may be observed, though it is more difficult to discern.

25
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6.3.2 Optical Depth - Estimated vs. Measured

Beginning with a 1982 field program at Valkaria, FL, Calspan

has attempted to relate total atmospheric aerosol optical depth

(calculated from sun photometer data) to surface mixed layer

aerosol optical depth as a way to utilize satellite observations

to estimate surface visibility. An estimate of the surface mixed

layer aerosol optical depth is computed by estimating the

extinction coefficient profile within the boundary layer via the

measured surface extinction coefficient and the relative humidity

profile in the boundary layer. For these studies, we have

assumed that the boundary layer is well mixed so that surface

aerosols change size as relative humidity varies. Initially, we

have defined the top of the well mixed layer as the level at

which the base of the temperature inversion exists. Figure 3

shows the plot of the two parameters for a range of geographical

locations, with the points lying reasonably close to the 1:1

line.

From data obtained during this cruise, two WMCE data points,

labeled W21 and W22, respectively, demonstrate the effect of

using the mixed layer depth (discussed above) instead of the

depth of the layer from the surface to the temperature inversion

base in the estimation procedure. The X-points labeled (1) and

(2) represent the data points obtained when the top of the well

mixed boundary layer was defined by the temperature inversion

base height. These depths were 1600m for (1) and 1250m for (2)

and the corresponding estimated boundary layer aerosol optical

depths were 2.5 to 3.0 times larger than the calculated

atmospheric optical depths from sun photometer readings.
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Examination of the mixing ratio profiles for these two cases

showed that a discontinuity occurred in the vertical gradient

of the mixing ratio characterized by a slow decrease changing to

a rapid decrease. Identifying the slow decrease with the surface

mixed layer, the top of the surface based well mixed boundary

layer was defined as the height of the discontinuity in the

vertical gradient of the mixing ratio. The surface mixed layer

optical depth was recomputed on the basis of the newly defined

mixed layer depth. The revised data points lying near the 1:1

line resulted from estimating the boundary layer aerosol optical

depth for these shallower, surface mixed layers.

It appears that significant improvements in modeling the

optical properties of the clear boundary layer could result by

incorporating data on the depth of the surface mixed layer

defined by the change in mixing ratio when appropriate. Knowing

when to apply this rule needs much investigation.

6.4 Relationship Of Visibility To Aerosol Concentration

A discussion of the day to day realization of the relation

between visibility and the aerosol concentration in the .56 to

1.78 micron diameter size range is presented here.

For this discussion, we consider only the 1200GMT observa-

tions. Diurnal variations of visibility and aerosol concen-

tration, driven primarily by changes in RH, cannot be discussed

here because our data set was obtained during daylight hours

only.

Our purpose is to provide an integrated description of the

interrelationship between the aerosol physics and the

meteorological conditions so that a framework from which to
28
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assess the atmosphere's role in producing the aerosol size

spectrum is provided. S
The data, and their source, on which the discussions are

based are listed below:

1.) METEOROLOGICAL DATA

a.) Surface wind velocity and relative humidity from

Calspan's WMCE data volume -- Appendix A

b.) Surface weather maps and radiosondes supplied by I
NEPRF(not shown).

2.) AEROSOL DATA

a.) total nuclei count (Aitken count)--Appendix A

b.) aerosol concentrations -- Appendix B

c.) aerosol chemical composition--Appendix B

The relative humidity averaged near 80%, except for two

periods of RH below 70% which coincided with two of the three

periods of visibility near 50km. The lower RH periods occurred

with a strong influx of air into the Straits of Gibraltar from

the eastern Atlantic, a condition which was produced by strong

ridging over the Iberian Peninsula accompanied by vigorous low

pressure centered off the northwest tip of Spain. Interest-

ingly, this ridging from the ocean to the land is similar to the

surface pressure pattern which accompanies similar intrusions of

Pacific air into southern California.

The periods of 80% RH were associated with relatively weak

surface pressure gradients in the Straits region produced by a

thermal low over central Spain and accompanying east-west

pressure gradient off the Portugal coast. This surface pressure

pattern is very similar to that found over southern California
29



and the offshore waters during the summer season.

The relationship of visibility to particle concentration in

the 0.56 to 1.78 micron diameter size range (hereby referred to

as the 1 micron size) is presented in Fig. 4 . The relationships

between this particle concentration and the nuclei concentration,

the nuclei chemistry and the meteorology of the individual days

is now discussed using Fig. 4 as the reference point.

6.4.1 High Visibility and Low Relative Humidity

For two periods, 20-22 June and 28-29 June, visibilities

were in the 40-50 km range and particle concentration in the
-3

I micron diameter size range was between 10 and 15 cm •

These periods were associated with the two excursions of low RH

air, arriving from the Atlantic on predominantly northwesterly

winds. The low relative humidity inhibited the growth of

aerosols into the 1 um diameter range, particularly NaCl nuclei

with their 75% deliquescence threshold humidity.

6.4.2 High Visibility, High RH and Low Nuclei Count

The relatively high visibilities and low 1 um aerosol con-

centrations on 25-26 June, even with RH near 80%, reflect the

effect of low nuclei concentrations on the visibility. On the

25th, the Aitken nuclei concentration of 2500 cm was char-

acteristic of (generally speaking) moderately aerosol-laden

oceanic air, suggesting moderate visibilities (20-30km).

However, the aerosol chemistry data indicated that sea salt was

not present in large amounts, which vas consistent with the low
-l

wind speeds (3m sec ) and reduction of white caps and

ejection of sea salt nuclei into the air. Meteorologically, the

25th represents the height of quasi-stagnant conditions, with a
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well-developed thermal low over central Spain and weak ridging

over Portugal. Thus on the 25th, although the total nuclei

concentration was moderate, the sea salt nuclei which could grow

most readily into the aerosol size range around 1 um diameter

were few, and the aerosol concentration at 1 um appeared to be

due to a small concentration of other nuclei present which could

grow at this high RH.

-3
The Aitken count on the 26th was near 1500 cm which

is characteristic of slightly nuclei laden oceanic air (-1000 cm

-3), and was the cleanest air experienced during the field

program. The surface pressure pattern consisted of a high

pressure ridge extending inland over the Iberian penisula similar

to that accompanying the two periods of low RH. However, in this

case, the air arrived on westerly winds from more subtropical

oceanic regions, suggesting both higher RH and lower nuclei

content. The wind speed was near 5 m s and chemical

analyses indicatd that sea salt was present. Thus in this case,

it appears that sea salt nuclei were present, but in such small

numbers along with the other few nuclei present in the relatively

clean subtropical-type air, that the aerosol concentration around

the 1 um diameter range was low and the visibility was near 40km.

6.4.3 Moderate Visibility and Nuclei Concentration, High RH

A review of the data for three days, 23, 24 and 27 June

1987, reveals that all three days had 1 um diameter particle

concentrations between 16 and 26 cm visibilities near 30km

and RH of 80%. The Aitken nuclei concentrations for the 23rd and

24th were between 4000 and 5000 cm . On the 27th, the count

was near 6500 cm
- .
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The 23rd and the 24th were similar days with visibilities of

24 and 32 km and I um diameter particle concentrations of 22 and

26 cm , respectively. Meteorologically over this time

period, a transition from high pressure ridging over the Iberian

Peninsula to a thermal low over central Spain was taking place.

The majority of observations on the 23rd were taken outside

the Straits at 5 W, the easternmost point of the cruise. The

highest wind speeds of the cruise (lOm/sec) were encountered

here. The nuclei chemistry revealed much sea salt present,

consistent with the high wind speed and long overwater fetch

associated with the 2400 wind direction. Thus, the moderate

visibility levels existed primarily due to increased aerosol

concentrations associated with increased concentrations of sea

salt nuclei.

Although the 1 um diameter particle concentration was higher

on the 24th (at 26 cm- 3 ) than on the 23rd (20 cm- 3), the

slightly higher visibility on the 24th (32km) compared to the

23rd (24km) may be due to slightly lower concentration of

aerosols in the next size range below 1 um, 0.316 to 0.562 um.

The concentrations in this size range were 20 and 27 cm for

the 24th and 23rd, respectively. This difference may have

resulted from a change in nuclei composition. Particle chemistry

data for the 24th shows negligible amounts of NaCl which is

consistent with the wind speed (3m/s) and the suggested shorter

overwater fetch of the air on the 24th with a 3000 wind

direction. The chemical composition of the nuclei for the 24th

appeared to be mostly non-oceanic type nuclei with perhaps higher

deliquescence RH thresholds than those for the oceanic-type
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nuclei observed on the 23rd.

The 1 um diameter particle concentration on the 27th was 20

-3
cm with a visibility of 28km. The corresponding Aitken

-3
nuclei concentration was near 6500 cm . Compared to the

other two days in this group (the 23rd and 24th), the 27th was

similar to the 23rd in terms of visibility, the 1 um diameter

-3particle concentration (20 cm ) and the 0.3-0.5 um

-3
concentration (27 cm ). The chemistry data suggest less

oceanic nuclei and perhaps more continental nuclei with higher

deliquescence thresholds, and the higher RH (85%) may have

caused these nuclei to activate. The meteorological situation

for the 27th was again a transition, from the onshore ridging of

the 26th to a well developed thermal low by the 28th. Thus,

increased humidity in this transition phase appeared to permit

the activiation of more non-oceanic aerosols and produce an

aerosol size spectrum and visibility level similar to that on the

23rd when the aerosol was primarily oceanic in nature.

6.4.4 Low Visibility and High Relative Humidity

On the 18th and 19th, the highest I um diameter particle

-3
concentrations (86 and 54 cm , respectively) and the lowest

visibilites (11 and 16 km, respectively) occurred. Meteorologi-

cally, the 18th was the last day of a long period of quasi-

stagnant conditions during which the wind speed was generally

light, especially away from the center of the Straits. Although

-3
the Aitken nuclei concentration was small (1350 cm ), the

1 um concentration was high. Temperature profiles from radio-

sondes showed a relatively shallow boundary layer of 200-400m on

the 17th and the 18th. Moisture from the ocean surface was
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concentrated in this layer, and the long period of quasi-stagnant

flow had apparently allowed many of the relatively few nuclei

present to grow into the 1 um diameter size range.

The Aitken nuclei concentration for the 19th increased to
-3

6000 cm , reflecting on the influence of the east-southeast

flow of air through the Straits. The corresponding continental

character of the air was reflected in the aerosol chemistry which

showed small amounts of sea salt but large amounts of silicates,

aluminum and iron. The boundary layer depth was only 100 meters

on the 19th. Thus the moisture evaporating from the ocean

surface was confined to a shallow layer, and those hygroscopic

nuclei which were present in the continental-type air could grow

into the 1 um diameter size range.
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APPENDIX A

USNS LYNCH HOURLY METEOROLOGICAL OBSERVATIONS

The data contained in the tables on the following pages

summarize the hourly observations of meteorological conditions

during the USNS Lynch cruise. Dry and wet bulb temperatures were

obtained with a sling psychrometer. Relative humidity was

obtained from psychrometric tables. True wind direction and

speed were calculated from observed ships wind direction and

speed and ship' heading and speed. Visibility was obtained from

the HSS Visibility meter. Calibration of the HSS was performed

at the beginning, middle, and end of the cruise. Reported

particle concentrations obtained with the Gardner Small Particle

Detector are _he average of at least three readings taken in

rapid succession at the reported time. Aerosol optical depth was

obtained from sun photometer readings and reduced using the

procedure outlined in Appendix C. The optical depth computation

does not work well for large zenith angles; therefore optical

depths for times before 0900 and after 1500 should be treated

with extreme caution.

Samples obtained for drop replicate and elemental analysis

are indicated by an 'X' at the appropriate sample time.
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APPENDIX B

AEROSOL SIZE SPECTRA AND ELEMENTAL PARTICLE COMPOSITION

FOR THE USNS LYNCH CRUISE

Aerosol size distributions and individual particle elemental

composition are presented in this appendix.

Particle size distributions are shown in both plotted and

tabular form. Plotted size distributions are presented only for

those times when data was available from all three particle size

analyzers (EAA, Royco, and Drop Replicates) and cover particle

diameters from 0.01 microns to 100 microns. Because each

instrument has it's own characteristic particle size channel

widths, the number concentration of particles in each channel

shown in the plotted data only was normalized to a one micron

wide channel width. The size analysis procedure for the drop

replicate is presented in detail in reference (1) below.

In tabular format, the size distribution data is presented

in number of particles per cubic centimeter of air within the

indicated size ranges (diameters).

Elemental particle composition is presented as the

percentage of particles containing a given element. The analysis

procedure is detailed elsewhere. ( Z'

(1) Mack, E.J., B.J. Wattle, C.W. Rogers, and R.J. Pilie, 1980
"Fog Characteristics at Otis AFB, MA", Calspan Report No.
6655-M-i, 77 pp.

(2) Mack, E.J., R.J. Anderson, C.K. Akers, and T.A. Niziol, 1978
"Aerosol Characteristics of the Marine Boundary Layer of the
North Atlantic and Mediterranean During May-June
1977", Calspan Report 6232-M-I, 215 pp.
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USNS LYNCH PARTICLE SIZE DISTRIBUTION

3
(Number of particles per cm per size interval)

1'NE 1,19: 6 Particle Diameter (microns)
GMT .01 .018 .032 .056 .100 .178 .316 0.56 1.78 3.16 5.62

TIME .018 .032 .056 .100 .178 .316 0.56 1.78 3.16 5.62 10.0 Total
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USNS LYNCH PARTICLE SIZE DISTRIBUTION
3

(Number of particles per cm per size interval)

"'NE '. 19:3E. Particle Diameter (microns)
GMT .01 .018 .032 .056 .100 .178 .316 0.56 1.78 3.16 5.62
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J U N E 2:" 1,1 9 :3E

500" 1750 1-'525 1479 622 241 3 7 14 1.8 1.1 ' 2 43 -2,4S-
600 1251 150:, E09 G22 21-7 25 11 1.4 0. L 4 H 4
700 70' '- '335 7: 4 7 : -7 11 1.4 0. Li LI ' 09'm

c~~v.1V. ~~ "'- 4-"... .... ..
__00 22935 8350 1131 8-' '. ,2 ," 11 1.2 0.7 0 Li

'HH ::-.'4 1670 3 4 1 15.5 2 E. E 2 .-
H:, 0 13:6 1218 1021 13 74 1 11 1.:3 0 i L 0

1-0 0 1:37 7.:"2 : , 10 11 L0 H H 40 i
1100L 4 17 13' -3 E-9 4Ew 1' 1:- 1:- 1 0.i
1200 0 1503 8,31 1'1 4 74 1 i..1 1

1:3 0H 116'- 1 2. 755 174 1 H1 1. 0.5 H
1400 417 6 E. 8 122 1 . 1LI 1 .1 LI5 0 .LC
1500 417 8'3 4 814- H 2 H
1600 41 H r 11 4 0 0 H H H ,

12 45 E 2I.- 1. 05. 2 , 0.: L-" -. .........

1 _7 00 0 334 4-5.7 104 29 1 77 1 1 1 0.4 Fi1 17
1:00 0 435 4 -' 755 : ', 2-41 .2 1 LI L Li Li L h

JUNE 2,93

520 417 501 26 .1 5:33 1: 74 0 14 1 1.: 0: 0 . 0 (im.-P
600 834 167 261 400 16' 749 7 9 0.9 0 0 2 . F143

7 -L 1 52 5 i3 49 -
:E 0 0 1' ',010 1 4 5:3 1'? 4 1 1 H 4 H H

,_, ~~ ~ ~ ~ ~ E .. ... ,:_;.. ..

74, :1 ':-'2

50 17 5 11; 1 4 11 rr Er 6 2:, 11 1.4 06 H H
101? Li 0 Li Li Li L 1 ' 0 L 0 0 1
1100 1 2 1 .1 36 60 3:3 9' 44H.41 1 598 Li H H 1:, 1.- 4
1200 629 5 13 1481 -'1 159 1 1 1.4 0 4 L H

...... ~~~~~. 1, 20, 119 j:::':'' ... 11 67.n -- ' : :

1:300 Li 0 1 2 0 1i 0 0 .1 1 1H. 3 1 1
1400 1251 :31173 1:: 2:1 72.:3 i6. 1.4 0~
1500 1 25-1 13. E 09 755 2:39 " 74 7 15 1.5 0.6 0. 444

1600 417 1 1 -4:: 10:6 i_ IF 13 1.7 0. 00 z4 :

,"0 0.- ," 2 7 1 i1 ..: '

1700 0 22 22 :3,:37,- 1:35 0 14 1 9.9 0.0 i b1
1:3:, 00 5004 9 r ?9 799 :362 12': 7 14 16 0.:: L 0
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USNS LYNCH PARTICLE SIZE DISTRIBUTION

3
(Number of particles per cm per size interval)

2Particle Diameter (microns)
GMT .01 .018 .032 .056 .100 .178 .316 0.56 1.78 3.16 5.62
TIME .018 .032 .056 .100 .178 .316 0.56 1.78 3.16 5.62 10.0 Total
73 417 :::: - 61 :355 1" " : 7 15 i e 0I - '
600 2085 7:348 15:3 2:398 7 1:35 13 17 1.7 I. 14 ' 4

700 375:3 5010 957 1199 45;:. i11 1: 22 2 .' 2.6 1.1 0 . 1 1
840 11259 8517 1479 1288 572: 160 0 : 4.1 . 0.0 2 1

1000 0 1503 435 488 2 123 7 25 -7 1.6 0 .0
1100 0 668 522 :344 41H 111 ,- 1.6 0.0 
1200 1 "-d 3 ''40 1131 1776 554 111 2' 1 1.4 0. F=
1300 834 27 ' 2264 F'95 148 1 I 1 2.5 0.9 0. 0 :3
1400 0 501 1 :- : 10 6 4 34 9:3, 1 1 2.5 9 .0
1500 41 " 85 4 3..5 622 265 93 1 21 H10 1.0 .0 -_ i
1600 417 133 1C.44 1154 H6 1. H 20 2 0.9 0.0 4 I
1700 4170 H 1740 :44 217 74 27 17 9 5 1.1 0.0 LI-9
1300 83:3 4 1670 609 -710 :3:6E 93 27 17 1.9 0 . 0.84~

JUNE 245 19R6

640 417 4 5 09 1 14 20,9 392 172 :3 5 2.9 1.2 0 1i9...
"700 ri 2E72 I 1 90 91R E. 18 3 2 2.8 1 - 00 P
A:0 5A 0 04 2672 1 -05i 1820 5 1 lr 27 2 :- 0 1 1 0 Mr -

900 37.5 40 24 -, HE 30r64 1205 2.4 47, 40 :,.4 1 0.0 14 I
1000 ._, 3006 6 5-3 . . ::3 2 5 H .. 0 114
1100 4587 71 1 147 9 2575 1157 258 5 1 0-2 . 0 1 4
1200 H , .. ,4 .5 . 262"0 10:3 is 1 20 26 2. 7 1 .1 0.
1:300 4170 3841 2262 68 E 9' 148 1 ' 2 0 12 .
16.00 0 5 :45 2'95::: 1'-, 554 111 , . .9 .0 11:31
1700 417 5010 3306 2442 651 1:35 7 24 1.7 0. :: 0.0 11 994
1800 417 150:3 13235 2-975 1157 14:2: 40 21 1:? 0.5 0.0 75 7

JUNE f2 5, 19 86

600 8 ._, 4 2004 .57 10'.21 -:_, G. 9 2 2 .5 1, 2 1 .L
700 2 02 '841 1:'-05 203'.07 .5,1 1 5 40 4.1 0.0 id ,4
3o00 84 1670 957 9 7 265 111 0 22 '22.. 1 0 . 0 4 -
900 41, 335 2 7 14 1 H.

100O0 '9591 467 6 26'97 270 771 148 1 14 1.7 1..' 0.0 2r
1100 1 1 4003 156 ,6 .1554 5 30 74 13 11 1 ; H r 0.0 0 L'i'

1200 Et -72 12358 :"3'13,2 :730 79 " 6 ' 10 . H 4 0. F -
1:300 1167 2672 1740 262 7 1 172 1:: 0.9 0 4 0.0 19692
1400 H 3:!:139 1479 1021 410 111 :: 0. H 04 0".0 5 8-
1.0.0 4287 1.193 1392 4::07, 1 42 3A' 40 11 0, . H4 0 .0 67e0:!1

., 8183 5394 6:305 1:398 1E10 27 0 0 0 0L 0 .0 214c G.G
1600 :4 1169 1:27 :3 6 11::3 16 0 1: 1 6 0.9 0.4 0 .0 -4::
1700 0 :317:3 '-3741 4174 1109 160 20 11 1.1 0.5 0. 0 12:.:::
1:300 417 150:3 1."5 :: 52 1:3:3 172 27 12 1.1 0.4 0.0 0
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USNS LYNCH PARTICLE SIZE DISTRIBUTION

(Number of particles per cm 3 per size interval)

.4E 2' Particle Diameter (microns)
GMT .01 .018 .032 .056 .100 .178 .316 0.56 1.78 3.16 5.62
TIME .018 .032 .056 .100 .178 .316 0.56 1.78 3.16 5.62 10.0 Total
6-17 LI S 14 1? " T, 13 T 9 0: 0.0 749 0 A

1010 0 1169 696 6 2 2 2 9, 7 1 0 C. 7 0.2 0.0
900 -3 1503 1044 1110 :3,- 111 7 9 0.3 0. .0 4146

1000 0 5678 2175 1865 603 12:3: 27 9? 0.6 0.2 0. 10 4In:
1100 0 1670 1131 1598 554 160 :3:3 10 0.6 0.2 0.0 5 15::
1200 1251 1002 2610 16:37 771 172 40 10 0.8 0.4 0.0 7545
1300 0 668 348 2442 9:38 209 40 14 0.8 0.:': 0.0 4711
1400 0 2004 522 1199 506 12:3 27 11 0.9 0. :3 0.0 4:':'; 2
1500 5421 1837 696 799 410 98 1:3 9 1.1 0.6 0.0 96
1600 417 1:3:36 348 710 410 11 13 9 0.7 0.5 0.0 :0
1700 0 150:3 609 1066 60: 12:3 1:3 9 0.8 0.4 Fj. C;

JUNE 27, 1986

600 1668 2004 E.9E 7 :362 9 7 1:3 1- 0.5 0 C 54:
700 2919 2505 :- 7r0 9:.2 4"4 111 2 Li 15 1.4 0.7 LI H 17:=:A

:300 1668 5511 ie44 799 265 74 V 1 1. 1
900 375: 3 7181 24:4 6 -2''97 747 9 7 1 4 1 1 : 0. 17i041

1000 0 10521 15 4 ' 132r 13V5 1H H,,rH

1100 0 5678 5481 9 2'0 2' 9:3r 0 24 4.4 1 1 0 . "0
1200 0 2171 3-':'93 'R .6 3 229 332 27 20 5 .il i i 1
1:3 00 0 341 9%48r:- 3 291r- 160L 4011 1 E, i C '"

1400 13:34 :3841 5'-2;0 47 2024 209 :32, 1'- 4.2 1.7 0 0 5:-: 1
1500 5421 467G. 2784 24c6 10:3 r 86 1.5 6i L 161 7.rz C 0 :3674 3 '306 4218 I1 :: 148 1:-: 1 G 4.0 1 . F0 0 1-,,5 1
10 0 :3 674 ::'4 : 0 479 5 1205 14: 7 15 .6 1.2 0.0 1%uu
1200 -:34 2171 4002 60:3:3 1422 1:35 20 12 3.4 14 0.0 144F0

JUNE 28,19:36

60C 5 8-::1:8 1169 11 :-1 -::: 6 1 3" i'9 1'' 5. 0 0i ' :.li 47
700 0 1 670 957 '042 771 74 71 .3 LI ,7
800 0 150:3 11:i 2575 11 1: 1 21 2-'.':1 0 H C, J
900 0 28:39 1"0 '21-7 94 1. 90'7 1 H I :'7

1000 0 150:' 10 44 0 19 10 8 .5, 12':, 7 25 .: .. 1 4 Li H - ,=", 1 H
1100 0 1002 120.5 :463 1470 209 1:- H 1 H 4:: t
1200 0 3006 1305 41 ' 4 : 15 2.2 1 1 I 0 Inf'.

1:300 8:3 4 2338 208: : 064 1:i-,5 16 7 15 1. 9 1 1 0 LI 1'
1400 0 2505 1653' 2842 8-'689 135 1 11 1.4 0 7 HH H :
1500 4170 4342 2175 4262 2024 197 1 1 1.2: LI::: 0 u 1721u
1600 0 3674 2088 :37:30 1:350 160 1:3 10 1.3 0. 7 0 .0 110271700 0 3674 1827 2486 699 86 7 :3 0.9 0.4 0.0 '7:
1:300 3:C3 4 2505 2175 3952 1:301 160 13 :3 0.:3 0.4 0 . 109 4
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USNS LYNCH PARTICLE SIZE DISTRIBUTION

(Number of particles per cm 3 per size interval)

JUNE .,1986 Particle Diameter (microns)
GMT .01 .018 .032 .056 .100 .178 .316 0.56 1.78 3.16 5.62
TIME .018 .032 .056 .100 .178 .316 0.56 1.78 3.16 5.62 10.0 Total
800 0 2338 1479 1998 72: - 11. :3- 4. :.' j 0 Rr

90 375:3 13527 1914 2:309 699 :116 7 17 0. 11 . 22:315
915 5838 11187 13135 2142 675 il 7 c 0.0 0.0 0.0 201I.
940 0 4342 1392 1643 627 49 1:3 1-7 2 13 0.0 3G

1030 1251 204 4:35 99 289 62 7 17 .4 1 3 0.0 4861100 66 72 :3674 9 57 F --'t4 3:37 7.4 7 17 '2 . 1.,1 3. Cli 12,5!:: C-

1200 0 6:46 1 V18 : 3-' 386 " 0 14 1.7 0. 7 0 . :0 4

1:340 2919 21,1 .2 0-7t55 1- 86 0 10 1.2 .5 :-: 00 2

14103 0 .67 2 6r 9E. 217 4 1 9 1.1 , .5 0,. 0 4 41:

1500 0 ir 2 riM 1': 795 7 12 1.7 .3 0.0 21 4

1600 12 51 4:3 4 2 1 C 44 '- ' :: 3 7 49 7 1:_ 1.7 0. .0 ;:
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DROP SIZE DISTRIBUTION - USNS LYNCH

(Number of droplets per cm 3 per size interval)

V

.19:19=. Particle Diameter (microns)
GMT

TIME 2-4 4-6 k-.3 8-10 10-12 12-14 14-16 16-18 18-20 20-22
*JO Ii .:39 0 0:6 0.000 u. ,iO 0.00 0.000 . '03 L. A ui. 3 !:

1011 1.8 5 0:1.0: .31 0 ..0: .0 0 - , 0.0 2 CO 0. 00:3 0-1. 00Ci1 0. 0 0 1 0 0 I1 - 7 l I:?j
1215 0.09'3 0.025 0.007 0.00:3 0.002 0.000 0.001 0.001 0. 0 0. 0 0 1

JUNE 20 1986

:ll00 0. 10:: 0.05R 0.019 0. 006 0.002 0.002 0. 000 0.000 0 .000 0.0FiiI.
1000 0.07 0.046 0.017 0.014 0.00:: 0. 003 0. 002 0.001 0.00A 0F1
1215 0.094 0.02:3 0.010 0.005 0. 002 0.000 0.000 0.001 0. -0 0 . 0n4

JUNE 21 19368E

300. .0 0.025 0.0C6 0. 005 0. 002 0.001 0,. 001 0. 000 0. F0 0 C F
1 0:30 0. 116 0.029 0.00:: 0.004 0.004 0. 001 0.001 0.000 0.000 0 0LJ:
1200 0. 19'3 0.02:3 0.005 0 .003 0 .002 0. 000 0.001 0.000 00, FH,, l1 I

JUNE 2" 1936-

8 0 0. 09 7 0. 0::0 0.006 0. 00:: 0. 002 0.001 0. 000 0.00 0.A0001 n .000 111
1 0.124 0.02'9 i.010 0.00 0. 0 2 0 .0I 0.000 0 .100 .00 - -.:

1200 0.0':3:3 0.012 0.005 0.001 0.001 0.001 0.000 0. 000 0 .000 0.0

JI INE 2:3, 1 ' : -

0 0.0,:3 0.0:3 1 0.00 0 0.009 0.006 0. 002 0.001 0.001 0. 000- 1 71 0.F1:F,":i
340 0.08:, 0.0:31 1 0. 009 0.006 0.002 0.001 0.001 0. 00 C0 0.000 F. OFIA-

1000 0.24 8 0 109 0. 023 .0.: 0.004 0. 002 0.001 0. 010 0. 000 .000 FA"Nr
1400 0. 1:4 1. 045 0. 0 1:3 0.009 01. 0 0:-: 0.000 0.0 .0 01 0 .00 . 1 .O .17
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DROP SIZE DISTRIBUTION - USNS LYNCH -.

(Number of droplets per cm per size interval)

.,,i . ,9! ,- 198Particle Diameter (microns)
GMT
TIME 2-4 l Q- -10 10-12 12-14 14-16 16-18 18-2D 20-22
fL 07W? 0.0-T2 0-029 0" .- 0. 004 .. i 0.001 0.Oui 0 .'0 . ii
1200 0.142' 0.041 0.01' 0.00:3. 0.001 0.000 0.00'2 0.001 0.00ri C C0

JUNE 25, 19 8 6

1200 0.0:37 0.029 0.019 0.011 0. 002 0. 002 0.001 0. 000 0. 008 Fi R3A

JU1NE 26, 1986

800 0.042 0.00-7 0.002 0.001 0.000 0.000 0.000 0.000 0.000 0.000
1000 0.0:35 0.00'9 0. 002 0. 001 0. 001 0. 00 0. 000 0. 000 0.00 n .00
1200 0.0:3:3 0.020 0.00'9 0.005 0.00:3 0.001 0.000 0.001 0.000i 0 . 00r

JUNE 27 19 86

8-100 0.095 0.05:3 0.008 0.001 0.000 0.001 0.000 0.000 0 001 0.00c0

1000 0.062 0.023 0.004 0.002 0.000 0.001 0.000 0.000 0.000 0.000
1200 0.095 0.05:3 0.008 0.001 0.000 0.001 0.000 0.000 0.001 .010
1600 0.162' 0.035 0.01' 0.010 0.005 0.004 0.001 0.001 0 .0 01 0 .C0

J U N E - 1 ':3

S00 0.09:3, 0.026 0.012 0. 009 0. 002 0. 002 0. 000 0.00 0 0.001 0. 00 .I
1200 0. 111 0. 042 0.017 0.004 0. 005 0.001 0.001 0. 000 0. 000 CI ,C0F nF
1600 0. 120 0.029 0.005 0.004 0.'-, ' 0.000 0.000 0.000 0.00- 0.Ouu C1C'F-.

JUNE 29, 196:'6

'200 0.154 0. 04:. 0. 0 19 0.006 0.004 0.00 0 0.002 0.001 0.000 1.00. 0_I
10:30 0. 127 0.0:,0,0 0.007 0.004 0.004 0.002 0.000 0.000 0.000 0.000
12 00 0. 06: i. 020 0. 06 0.002 0.001 0.001 0.001 0.000 0.000 0..000
1600 0. 159 0.0.2-'5 0.006 0.00 0 0.'002 0. 0 0 0 0. 0C0 0. 000 0.00 "  0.i10
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PERCENT OF PARTICLES CONTAINING INDICATED ELEMENT

USNS LYNCH CRUISE
GMT

Date Time Na Mg Al Si P S CI K Ca Ti Fe

6/19 1006 4 6 6 16 0 4 44 38 24 4 4
6/19 1220 0 8 46 60 0 14 2 32 18 0 26
6/20 1004 6 8 96 52 0 26 20 20 6 0 6
6/20 1213 24 12 52 58 0 0 42 24 8 2 12
6/21 1011 46 6 100 18 2 6 66 10 6 2 2
6/21 1211 12 10 22 34 0 6 30 12 16 0 2
6/22 1018 40 14 58 36 6 0 38 10 6 4 12
6/22 1213 8 4 16 20 0 4 8 12 12 2 8
6/23 0838 0 4 22 18 0 0 42 14 22 2 6
6/23 1023 12 6 42 36 2 2 20 4 18 0 4
6/23 1216 22 4 22 24 0 2 54 0 14 0 6
6/24 1119 4 0 12 18 8 96 0 8 10 32 10
6/24 1205 4 2 18 26 0 0 0 12 0 0 8
6/25 1158 26 6 40 46 8 52 2 22 2 2 22
6/26 0959 34 14 34 46 0 40 2 16 16 4 20
6/26 1208 22 8 30 32 0 26 20 16 4 0 14
6/27 0958 26 24 28 48 2 8 24 16 30 12 14
6/27 1210 10 6 28 30 2 14 0 16 4 16 12
6/28 1000 72 34 16 18 2 36 16 10 14 0 12
6/28 1200 20 14 38 46 0 8 4 20 6 0 20
6/29 1003 20 2 38 42 0 6 0 12 10 0 6
6/29 1221 32 20 46 50 0 12 10 38 18 0 28
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APPENDIX C

OPTICAL DEPTH COMPUTATION TECHNIQUE

During the Gibraltar Experiment, sun photometry data

were acquired at hourly intervals, when possible, during the

cruise. Data were obtained for a 5 nm wide band centered at

502nm. For a narrow wavelength band, such as prescribed by the

502nm filter, aerosol optical thickness can be computed from sun

photometer measurements by:

jM [in I0 - lnI - In F - (-t + o )KM7o I

(From Volz: Sun Photometer Instructions)

TA = aerosol optical depth at M = 1

M sec (z) where z is the solar zenith angle

I0 solar radiation at top of earth's atmosphere
and mean solar distance

I observed solar radiation

F = correction factor for distance to sun at
observation time relative to mean solar
distance

2 = Rayleigh optical thickness (scattering by

atmospheric gases) at standard pressure,
p = 1013 mb

"tTo 2 Ozone optical thickness (gaseous absorption)

at standard pressure

p = observed surface pressure

correction factor toLR and when M>1

(supplied by Volz)

From Hoyt, D.V. (J. Appl. Met. 16 p. 432, 1977): dP
q-t

= .1402 for June and 30 N.

From Voltz (Ibid)

= .0092

C-1
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From Thekaekara, M.P., R. Kruger, C.H. Duncan, 1969:

Solar Irradiance Measurements from a Research
Aircraft, Applied Optics, 8, No. 8 p. 1713-1732,
August.

=.0139598 Langleys/minute/5 nanometers.
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APPENDIX D

OBSERVATIONS AND ELEMENTAL PARTICLE COMPOSITION

FROM THE USS AMERICA CRUISE

Data collected by NEPRF personnel aboard the USS America are

reported here. Figure D-1 shows the approximate cruise track

over which data were collected. Data is reported for daylight

hours for the period 19 to 26 June.

Optical depth was calculated from Volz sun photometer

readings in the 0.5 micron (green) channel and measured M (solar

zenith angle). Particle concentration was measured with a

Gardner Small Particle Detector, relative humidity from

temperature and dew point data, and sky cover estimation by human

observer. Significantly lower visual ranges calculated from the

HSS visibility meter, compared to the observers visibility

estimate, suggest that flight operations interfered with the HSS

measurements throughout the cruise. Visibility reported in the t
following tables is taken from the manual observations of NEPRF

personnnel aboard the America.
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SA.-A

USS AMERICA OBSERVATIONS (NEPRF)

Local Optical Particle Sky
Date Time Depth #/cc RH Visibility Cover

6/19/86 0900 0.37 - 68% 5 nm 0.2
1000 0.36 - 82% 5 nm 0.2
1115 0.44 1350 79% 5 nm 0.3
1200 0.49 1750 82% 5 nm 0.3
1300 0.47 1750 84% 5 nm 0.1
1430 0.47 1900 74% 6 nm 0.1
1600 0.65 1900 71% 7 nm 0.3
1700 0.40 1550 77% 6 nm 0.1
1800 0.42 1550 79% 6 nm 0

6/20/86 0800 0.45 - 92% 4 nm 0.5
0900 0.45 3600 83% 3 nm 0.6
1000 0.53 - 93% 3 nm 0.5
1100 1.04 3600 93% 3 nm 0.8
1200 0.55 - 93% 3 nm 0.9
1300 0.43 2700 90% 3 nm 0.7
1400 0.47 7500 78% 3 nm 0.4
1500 0.34 3000 89% 4 nm 0.2
1600 0.37 - 81% 5 nm 0.3
1700 0.36 - 61% 7 nm 0.5
1800 0.36 - 61% 7 nm 0.4

6/21/86 1100 0.28 2200 88% 6 nm 0.7
1200 0.36 1600 76% 7 nm 0.2
1300 0.43 2400 71% 6 nm 0.2
1400 0.36 - 81% 6.5 nm 0.1
1500 0.32 6200 75% 7 nm 0.1
1600 0.31 4300 69% 7 nm 0
1700 0.30 - 72% 7 nm 0
1800 0.23 - 64% 7 nm 0

6/22/86 0900 0.45 - 67% 6.5 nm 0.3 %

1000 0.40 5600 69% 6 nm 0.2
1100 0.35 - 76% 6 nm 0.2
1200 0.43 2250 82% 6 nm 0.1
1300 0.43 4000 76% 6 nm 0.3
1400 0.43 7500 77% 5.5 nm 0.5
1500 0.66 1750 74% 6 nm 0.3
1600 0.37 2250 74% 6 nm 0.2
1700 0.57 1900 71% 6 nm 0.2
1800 0.68 - - 7 nm 0.2
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USS AMMERICA OBSERVATIONS (NEPRF)
(CONT.)

Local Optical Particle Sky
Date Time Depth #/cc RH Visibility Cover

6/23/86 0800 0.30 - 82% 7 nm 0
0900 0.30 6200 75% 6.5 nm 0
1000 0.28 3600 74% 7 nm 0
1100 0.32 4400 78% 5 nm 0
1200 0.29 4000 78% 6 nm 0
1300 0.29 1900 71% 6 nm 0
1400 0.26 6800 74% 5.5 nm 0
1500 0.32 2700 72% 6 nm 0
1600 0.28 - 71% 6 nm 0
1700 0.30 10000 76% 6 nm 0
1800 0.28 - 77% 5 nm 0

6/24/86 0800 0.29 4400 76% 5.5 nm 0
0900 0.39 11000 76% 5 nm 0

1000 0.58 12500 65% 6 nm 0
1100 0.35 7200 71% 6 nm 0
1200 0.47 - 62% 6 nm 0
1300 0.39 8500 62% 7 nm 0
1400 0.39 3300 66% 7 nm 0

1500 0.70 4800 77% 7 nm 0.4
1600 0.68 4000 - 7 nm 0.3
1700 0.76 - 56% 7 nm 0.7
1800 0.79 2200 62% 7 nm 0.8

6/25/86 1400 0.26 2200 82% 6 nm 0.1
1500 0.32 2200 82% 7 nm 0
1600 0.37 3000 70% 7 nm 0.2
1700 0.61 9500 78% 6 nm 0.3
1800 0.33 - 76% 6 nm 0.3

6/26/86 0800 0.47 4800 91% 6 nm 0
0900 0.45 3000 91% 6 nm 0
1000 0.83 12000 81% 6 nm 0
1100 0.40 - 74% 6 nm 0

1200 0.59 3500 79% 5.5 nm 0
1300 0.43 2650 74% 5.5 nm 0
1400 0.50 8500 61% 6 nm 0
1500 0.61 2400 56% 6 nm 0
1600 0.40 - - 6 nm 0
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PERCENT OF PARTICLES CONTAINING INDICATED ELEMENT

USS AMERICA CRUISE
Local S

Date Time Na Mg Al Si P S Cl K Ca Ti Fe

6/19 1100 0 8 24 42 6 18 0 10 8 4 0
6/19 1330 0 4 48 52 4 16 4 0 8 0 8
6/20 1130 8 28 20 44 0 24 8 24 28 0 12
6/20 1330 24 24 44 60 8 48 0 48 48 0 24
6/21 1130 16 16 24 32 0 24 12 16 28 0 8
6/21 1315 No Sample found- --------
6/22 1240 4 4 48 64 8 36 0 12 24 16 12
6/22 1400 0 12 48 48 4 44 4 28 28 0 20
6/23 1445 16 20 56 64 8 68 0 28 40 0 20
6/24 1530 No Sample found
6/25 1045 32 36 76 80 8 32 12 80 24 0 52
6/25 1200 28 44 84 88 4 68 8 68 20 4 40
6/26 1000 2 16 40 52 4 24 22 22 32 4 20
6/26 1200 14 18 48 52 0 6 4 18 26 0 20
6/26 1500 0 2 30 46 0 46 8 44 16 2 0
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