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I, Introduction

In July 1977 the Naval Postgraduate School (NPS) conducted a cruise
aboard the R/V Acania of approximately two weeks duration (7/17 to 7/28)
to the Los Angeles air basin. The basin is of great interest for meteor-
ological studies because of its cohfiguration, which, in conjunction with
the prevalent marine inversion causes a severe air pollution problem.

The purpose of this cruise was to conduct initial overwater studies of
the area within 40 nautical miles 6f shore from Santa Bérbara to Long
Beach. There is a need for this type of work since very little data has
been collected on thé seaward boundary of the air basin. This means that
there is insufficient data available to: establish boundary conditions for
current air pollution models. Since the westward boundary of the area is
far out to sea, data must be collected from some type of overwater plat-
form.

One of the main purposes of this cruise was to collect turbulence data
on the boundaries of the California Air Resourges Board (CARB) numerical
air pollution diffusion model and at several locations within the boundary.
This data was to be collected at several different times of day, and if
possible, under different meteorological conditions. At the same time a
fairly complete set of parameters were measured in‘order’to specify the
local atmospheric conditions. These data will be used to adjust the
parameterization of the CARB model.

The second main endeavor of the NPS effort was.to participate in an air
flow trajectory experiment conducted by the California Institute of Tech-
4nology (CIT). 1In this exéeriment a tracer gas (SFG) was released from the

smoke stacks of the El Segundo power plant and the air flow was traced by

monitoring stations along the shore and by the R/V Acania. Thus, the ship




provided a pertion of the tracer effort and the overwater meteorological
support. Of course, the mefeorological data was also used to expand the
data base for the model studies. |

A complete list of the various activities performed on the cruise is
given in Section II.'.

This report will describe in detail, and report the reéults for the
NPS effort on this cruise. Other groups, in particular the Air Resources
Board, were major participants in Ehe cruise and their results are reported
elsewhere. Here we describe the other projects only very briefly, and no
results are reported{ Of course, the R/V Acania was the vehicle for all
overwater experiments.

This was planned as the first of é number of cruises whose purpose
would be to collecﬁ overwater data which would direétly relate to air pol-
lution studies. The period of time chosen was not necessarily the best
for performing some of the studies (in particular the relgase of SF6 from
the power plant) but was a target of opportunity. However, since we hope
to conducﬁ several such cruises dufing different times of the year in
order to test a wide range of conditions, the dates used are entirely

appropriate. Also, as shall be seen below, the prevailing conditions were

excellent for all of the experiments planned.




II. Participants, Experiments Performed
The various organizations other than NPS which pérticipated’in this

cruise were:

California Air Resources Board (CARB)

Calspan Corporation

California Institute of Technology (CIT) -

Naval Weather Service Facility (NWS)

Science Application, Inc. (éAI)

Western Oil & Gas Association (WOGA)

The principal activities of these groups were as follows:
CARB? ~ Collect data oh air pollutants, coordination between
shipboard and shore personnel, logistic support in

the Southern California area.

Calspan: Collect aerosol data, maintain meteorological conditions
log.
CIT: Conduct release and collection of tracer gases both on

ship and shore.

NWS : Perform radiosonde releases twice daily.
SAI: Observe shipboard operations and maintain a log for WOGA.
WOGA : Coordinate with oil tankers and drilling platforms.

The various experiments and the dates and times on which they were
rerformed were:
17/0900 - 18/0230 Monitor open ocean aerosol and pollutant back-
ground levels.

18/0300 - 18/1000 Monitor aerosol and pollutants in Santa Barbara

" ' ' Channel, measure oil platform emission levels.




18/1945 - 19/0345 Near shore turbulence studies in Santa Monica Bay.
T1 19/1100 - 19/1200 = Monitor tanker emissioné during non~-transfer 4
period. -
19/1430 - 19/1500 Cross check ship and shore instruments at Catalina. ,
M1 19/1545 ~ 19/1730 At sea turbulence data. )
i) 20/0430 - 20/0820 Monitor emiésions dﬁring tanker transfervoperation.
P 20/1710 - 20/1800 Monitor drilling platforms.
M2 20/1820 - 20/2200 Turbuiehce data on Southern edge of CARB model.
M3 21/0000 - 21/2115 Santa Monica Bay CARB model studies.
Gl 21/2300 - 22/ilOO , Track tracer gas released from power piant on
shore. |
T3 22/1700 - 22/2100 Mbnitorvemissions during tanker transfer operation.
22/2100 ~ 23/0830 Monitor polluténts and aerosols along coast from

Del Mar area to Long Beach area.

S 23/1400 - 23/1800 Check turbulence results for various ship maneuvers.

G2 23/2300 - 24/1030 Track tracer gas released from power plant on shore.
125/2100 ; 26/0320 Turbulence study during light wind conditions.

G3 2670530 - 26/1730 Release of tracer gas from ship along shipping

" lanes west of Los Angeles up to Santa Barbara area.

2770000 - 27/0445 Monitor oil drilling platforms in Santa Barbara
Channel.
© 27/2030 -~ 27/2230 Monitor aerosols and natural pollutants in

vicinity of coal oil point.

28/0500

28/0715 Release of tracer gas from ship west of Santa

Barbara.

The letters and numbers preceding some of the times are codes used

below for easy reference to the various experiments.




IiI; Equipment and Data Acquisition

The R/V ACANIA is 126 ft. long, and of narrow béam and low profile,
which makes it ideal for meteorological work since disturbance of the
local air flow is minimal. Sensors are located at four levels on two
masts, one at the ti§ of the bow, and the‘second 15 ft. aft of bow, The
for&ard mast has' sensors located at 4.2 meters and 7 meters, those on the
rearward mast are at 14.7 meters an§ 20.5 meters, where all heights are
measured above the mean water line. Each level contains sensors for de-
tecting both mean and fluctuating parameters, and on the top two levels
the mean sensors are 0.7 meters below the fluctuation sensors.

A sea surface temperature sensor was suspended from a pole which
extended 10 ft. beyond the tip of the bow. This sensor is mounted in a
300 gram brass plug in the end of a 6 ft. long by 3/4 inch piece of tygon
tubing. The tubing floats and keeps the sensor on the surface ( a depth
of approximately 1 ft. is averaged because of bobbing caused by the ship's
motion) and also protects the sensor from the sea water. The brass plug
has # high heat capacity and smooths fluctuations in temperature that
would be caused by the bobbing of the sensor.

An acoustic. sounder for monitoring the temperature inversion was
mounted on the ship's fantail. A’special enclosure and mounting were con-
structed to attenuate the rather severe shipboard acoustic noise, which
limits the usefulness of the device when the ship is underway. The normal
range of the sounder is 1 kilometer, which is limited to approximately 500
meters when the ship is at full speed.

The mean sensors at the four levels above the surface are for wind

speed, temperature and humidity. Wind speed is measured with cup anemometers




which have a threshold‘of 0.5 knots. Humidity sensors are Li Cl cells
which have an accuracy of 3%. The temperature sensors are quartz ther-
mometers (including the sea surface) which have an accuracy of 0.01°C.
Thé temperature and humidity sensors are placed in aspiratois-which,protect
them from the environment. Thevaspir;tors include radiation shields so that
the temperature sensors are protected from both direct andireflected’radié—
tion from the sun and also from heat radiated from the ship. With this
system the precision of temperature measurements is about 0.07°C.
Fluctuations of temperature and wind speed are detected with cold
wires and hot wires respectively.  The cold wires are 2.5‘ﬁ x 2 mm platinum.
The hot wirés are 60 ﬁ X 2 mm platinum film on a quartz substrate and are
opefated at 20%>overheat,‘which'ia high enough to make them insensitive to
. temperature fluctuations. The wind speed bridges are constant temperature‘
anemometers. The temperature bridges are operated at 3 kHz and very low
current so that the wires are not heated, thus, they are not sensitive to
wind speed fluctuations. The hot wires are aligned with their axes verti-
cal so that they are sensitive only té the horizontal component of the wind.
The mean signals are averaged for times that are determined by the con-

ditions (usually either 10 or 20 min.). Acquisition, averaging, and recording
oﬁ a teletype and magnetic tape are accomplished by an NPS developed system,
designated MIDAS.

" Fluctuation data was acquired in two forms, using either a single
sensot, or paired sensors at a separation of 0.3 meters. We used paired
. sensors for temperature and a single sensor for wind speed. Paired sensors
result in‘spatial filtering of the signal. When a single sensor was used,
‘the resulting signal was attenuated above 200 Hz ‘and below 5 Hz giving tem-

poral filtering which is equivalent to the spatial filtering with paired

sensors.




The resultant signals were recorded on magnetic tape for later pro-
cessing in the laboratory. The signals were also précessed to give the
RMS values which were acquired and recorded by MIDAS and also recorded on
strip charts. The strip charts are used on shipboard to obtain real time
€ and CT2 values.

The acoustic soundef output is a strip chait record of the height
from which the return echo occurs, giving a real time presentation of the
inveision height. This height is compared with the twice a day radiosonde
results which identify both the height and strength of the inversion. Agree-
ment to within 20 mefers was consistently obtained.

Even though the R/V ACANIA is very well suited to meteorological
measurements its presence can disturb the local air flow sufficiently to
compromise acquired data. This effect can be reduced sufficiently to be
negligible by keeping the ship pointed into the wind. Of course, this
cannot always be done so we acquire data only when the relative wind is
within 30° of the bow. The second problem with a ship platform is motion
due to roll. Roll can cause two adverse effects: introducing an extra
component to the wind speed fluctuations and increasing the rotation rate
of the cup anemometers. Since fluctuation signals are analyzed only at
frequencies above S Hz and ship motions are much less than 1 Hz, there is
no observable affect on the fluctuation signal. Under conditions of severe
roll (20° roll, 4 sec. period) the mean wind speed measured at leve1.4 is
elevated by about 1 knot when the relative wind is from the bow. When the
_relative wind is from 90° off the bow this effect is reduced to zero. The
wind speed results given in this report are not corrected forfthis effect.

Complete descriptions of the NPS shipboard equipment and the analysis

methods can be found in the references.
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IVv. Data Reduction

As described in the pfevious section the data acquired includes;
Profiles of temperature, humidity, and wind speed, sea surface temperatﬁre,
aﬂd records of the temperature and wind speed fluctuations. This data is

reduced to obtain the following parameters:

U, Friction velocity

€ Dissipation rate of turbulent kinetic energy
CT2 Temperature structure function

D Diffusivity

Ri Richardson Number

Fu " Sensible Heat Flux

FM Momentum Flux

There are several possible methods to evaluate these parameters by utilizing
both thé profile and fluctuation data. Here we describe only the method used
to process the data presented in this feport.

All of the data cbllected have not been analyzed. There were many time
periods when the relative wind was from an unfavorable direction, and these
data were not analyzed. Also, there are periods when the results obtained
are obviously in error and they have been discarded. These errors are due
to extraneous noise, such as ship radio transmission and power éurges.

We use the profiles to obtain potential temperature (°¢)
=T+ 0.0098 2 ' (1)
‘and the virtual potential temperature

6,=0+061qT , (2)
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and their gradients with height. T is the absolute temperature, 2 the_
height above the mean sea surface in meters, and g tﬂe specific humidity
in grams of water vapor per gram of dry air. The gradients are gbtained
by fitting 6 and 0, with a log profile and then evaluating the gradients
at a height of 10 meters,

The specific humidity is found from

- T o .- B ' ’
q=6.5%x10 H explo[A -7 € log Tl , (3)

where H is the relative humidity (%), A'= 23.84, B = 2984, and C = 5.03.

In calculating é for the various heights we use a single value of H
which is the average of the four méasured values. Thus,the dependence of
q on height comes from the temperature variation. This is done because
the humidity sensors are not accurate enough to allow a profile to be
specified.

Three methods have been used to analyze the fluctuation data: dif-
ference, RMS, and spectral. The structure functions CT2 and CU2 are

obtained directly £rom the analysis, and € is found from
C, =2¢ . . S (4)

In the difference method the structure function is found by measuring
the variance of the difference in the variable x at two points separated

a known distance, d:

¢,? = <Ix(x) - xlr + @)% > a3 | (5)

\

The spectral method is based upon the assumption of "local isotropy" ‘

and the Kolmogorov -5/3 slope of the one-dimensional power spectral density,

¢x(k)=




: ey o ac A2 .=5/3 ‘ - : :
; . ¢, (k) = 0.25C ° k ' - (§)

where k is the wave number. Using Taylor's "frozen turbulehce? hypothesis

(k = 2 T£/U ) we can find Cx by performing a fourier spectrum analysis of

a signal in the frequency domain (f):

' L : e —2/3 .
| £0.(5) =k ¢ (k) = 0.25 ¢ (55 . o
Therefore, |
_ 2/3
2 2T -.5/3
c, = 4 (-}7-) [£ ¢x(f)] - | (8)

Here U is the mean wind speed averaged over the analysis time to perform
the spectral analysis. This expression is expeéted té be valid in the
inertial hubrange; which covers a frequency rangequ approximately 0.1 to
100 Hz.

The RMS method is based upon measuring the variance of the signal

fluctuations between selected frequency limits:

mp——

3
f ¢ ) d k= x'? = (zvm.>2 (9)
k

b A
where x' is the flﬁctuatiﬁb component of x. The upper and lower frequency
limits, f_and f,, are determined by a filter, and are related to the

respective wave numbers by Taylor's hypothesis. Using equations (6) and (9):

1 2
- 2/3 (x rms)

(10)

. x 3 ' U -2/3 —2/5




The advantages of the difference and RMS methods are that the output
voltage cén be presented and averaged on a strip chart for real time
analysis. The spectral method is more time consuming and is normally per-
formed in the laboratory from tape recorded signals. However, it has one
distinct advantage in.that the spectrum can be viewed and obvious noise
can be ignored (such as 60 Hz and its harmonics).

For the data presented in this report CT2 was found using the difference
method, and € was found both from tﬂe‘RMS and spectial methods.

Using €, 0,, and ev* the other parameters are dbtained from the following

equations:

u, = (x z )*/3 , - (11)
D =k 2U, (neutral stability) ’ (12)
R =Zx g2 | (13)
i T 2 !
U*
Fy=pC (6, U, , {14)
and
Fy =0 (U2, , (15)

where p is the density of air at STP (1.29 kg/ms), C the heat capacity of air
(pC = 1.31 x 103 Joule/k m¥), g the acceleration of gravity (9.8 m/sec?), and
k is Von Kayrmans constant (0.35).

Most of the above p;rameters depend on height. We arrive at final values

for all of the parameters for an assumed height of 10 meters. To be specific,

8 and 6 are fitted by a log profile, Gy’ is fitted by 2™>/>, and € by 2.

The 10 meter values for €, 6, and'ev* are calculated, then D, R,, F, and Fy

H

are calculated directly.




V. Results
A. Acoustic Sounder and‘RAdioéonde o

The acoustic sounder and radiésonde séundings show the presehce
of a stioﬁg‘mariné inVersion fof fﬁé full cruiée. The height.and'strength
of the inversion variéd with time and/or location. The bottom of‘each
acoustic sounder strip chart (Figures 2aT- éd).is marked with letters
which correspond to radiosonde graphs (Figures 3a - 3u) to show thé-times
at which the radiosondes were released. Examination of both sets of data
shows good agreement, except for 0200 PDT on 7/24, for which the radiosonde
shows the inversion base approximately iSO’m hiéher than the sounder. The
reason for the discfepancy is not known but we assume that ;n error was made
in reducing the radiosonde data. | |

In Table I we list the height of the base of the inve:sion and the
strength of the inversion, taken from the radiosonde data. fhe data are
coded with letters A thru U. Examination of the graphs shows that it is
difficult, in many cases, to identify accurately the height and strength of
the inversion since temperature changes occur gradually. In‘generalbthe
base of the inversion is taken to be the height at which thg minimgm.temp—

erature occurs; the strength is from minimum to maximum temperature regard-
. ,

~ less of the height difference, unless there is a subsequent increase in

temperature identifying a second inversion. Good examples of ‘difficult to
interpret profiles are Figures 3b and 3c. There are several inflections’on
each profile and interpretation is very subjective.

The acoustic sounder is most useful for continually monitoring the
inversion height, and hence the mixing depth. Figure 2a shows the begin-

ning portion of the cruise, including the initial investigation of the

Santa Barbara Channel. The inversion was quite stable for the entire time,




TABLE T
Height and Strength of-the‘Maxiné Inversion
taken from Shipboard Radiosonde Data
Times are PDT ' S | .

Code Date/Time Inversion Height (m) | Inversion Strehgth °e) .

A 7/17/1700 360 g 14.5

B 7/18/0500 - g 0.5
“240’ Jl l3%.

c 7/19/0200 - 280
. - : . - 85 o

D 7/19/1900 » 450

Y , L eto-

.0
680
F  7/20/1900 200

‘ R ) .. 650

G 7/21/0200 ‘ 450

H 7/21/1900 200
470

I 7/21/2300 330
= R : . 440

610

7/22/0200 = o 240
7/22/1900 o . 380 : 11.9

. 7/23/0200 360 o | 13.4
7/23/1900 360 ' 9.5

7/23/2300 520 : - 5.8
700 N 3.0

7/24/0200 S 650 ~ 8.
©7/26/0200 : - ‘170 ‘ . 8.3

Q 7/27/1900 ~ R 100 o ~12.6
530 1.2

7/28/0200 T 110 14.8

s 7/28/0500 20 o 2.8
180 10.5

o 7/28/1700 ’ . 230 " 16.3

LS |

O W We I

E. 7/20/0200

[ .

*

s e ¢ o

W &3O by O HN VO WO MO
+

w

2 2 0 R"R y

s

U 7/29/0500 : 120 : 13.5
- ~500 ' 1.8




varying from 200 m to 400 m. The exception was when the ship rounded Pt.
Conception at 0230 on‘7/18; 1he presence ofbvery intense thermal plumes
indicates the region of mixing pf marine air and air that has passed over
lénd and been warmed. The region of disturbgd air extends well into the
channelbfrom Pt. Conéeptién.

From approximately 0900 to 1300 on 7/19 an oil tanker which was
not in.the procésé of transfering oil was m§nitored. fhe inversion height
was approximately 600 m for the first 3 hours, then dropped to 200 m during’k
the last houf; At 2;30 of the same day the monitoring was resﬁmed, but»
during lightering operation, and continued until 0930 on 7/20. The inver-
sion heiéht ﬁas 600 m to 600 m. Thé lightering operation was approximately
50 kmi from shore and the inversion was much higher thén that found near
shore.“ ”

During ﬁhe monitoring of platform Eva the iﬁversion was below 100 m,
The change in inversion heiéht appears tq have been augeographical effect-
since the height was greater both as the éhip approached and left the shore-
line. |

We then proceeded to do a thorough study of the turbuleﬁce in the’
Santa Monica Bay, the study taking approximately 24 hours. The inversion
was at 200 m to 400 m during all but the last 5 hours, when it dropped to
the surface, split into more than one level, ‘and became difficult to inter-
pret, {around 1900 on 7/21). |

The first power plant SF6 release at 0100 on 7/22 occurred when the
inversion was 150 m high and not sharp. :(See Figure 2a). Multiple returns
were obtained from complex thermal structure up to 700 m. At 0400 the inver~

sion either dropped to the surface or a new inversion rose from the surface,

réaching an elevation of 250 m by 0600. This variation in the inversion

21




height appears to be a change with time'rather than position since the
ship was in the same locatibns at different times, with different invei—
sion‘heighfs béing obtained. The height and intensity of the inversibn
reﬁained stable through the remainder of the SFé tracer experiment, which
ended at ~~ 1200. |

The sounderbwas not in operation‘during the period when data was
beihg takeh albhg thé coast from Del Mar to Long Beach. The one radio-
sonée ﬁaken duringkthis period (Figure 2e) shows an inversion height éf
approximétely 450 m.

' >Whén.SF6 was released from the power plant the second time the ‘
inversionlhéiéht was approkimately 600 m { ~ 0200 on 7/24). The inveréion
remained;fairly high ﬁntil 0800, at which time it was ~ 500 m, thereupon
it dropped to 200 m by the end of the experiment at 1100. Again the
chénges that occurred were'tempofal father than spatial.

o The remainder of the experiments were performed under similar con-
ditions. The inversion was hear the surface (within 200 m) and for much

of the time it was difficult to distinguish an inversion from thermal

plumes.

B. Calculatéd Results

~. .- Appendix B presents a table of the results that were computed from
the basic data {(Table VI). The data includes dissipation»rate, temperature
étructure function, turbulent eddy diffusivity, Richardson's number,
momentum flux, and heat flux. Figures 4a and 4b show plots of Richardson's
'number and the momentum flux versus time for most of the cruise.  The codes

on the time axis refer to the various experiments listed in Section II. It

must be emphasized that these numbers give estimates of flux parameters,
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based on measurements of inertial subrange parameters, not direct measure-
ments.
Difficulty can be encountered in evaluating temperature profiles

to obtain 6, and ev*. The following two examples for temperatures obtained

from the four levels:have been taken from Table V and illustrate the prob-

lem.
'I‘l T2 | | .T3 T 4
17.85 17.79 17.70 17.54
17.72 17.52 17.85 l7t46

The first set of temperatures shows a good profile and it is easy to fit ©
with a log profile to obtain'e*.‘ T3 for the second set (underlined) appears
to be in error since it certainly does match the gradient shown by the other
temperatures., The reason for this discrepancy could be ship influence, or
it could be real, this is unknown: but ship influence is most likely.' ' How=-
ever, it would be inappropriate to include the value when fitting the log
profile, so the point was discarded. Level 3 temperature data was not.used-
for calculations for a large percentage of the data.

Discarding experimental data is a hazardous thing to do and raises
questions about the validity of the final results. To this point we must
recall that we are trying to make flux estimates, and determine the stability
of the atmosphere in a land sea boundary region. The data we have taken
indicates that the land influence extends well out to sea in this area. We

did not encounter the homogencus, equilibrium atmosphere on which the theory,

‘and hence data evaluation methods are based. However, reasonable estimates

can be obtained by fitting-an averaged profile, and this is what we have
done by discarding level 3. We expect a 50% error in the final result for

measurements made this close to land, and on a non-stationary platform.
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A few general conclusions can be drawn for the cruise as a whole.
The Z = 10 m value of Richardson's number varied from’slightly positive to
as low as -1,3, and was in the range of -.1l to -.5 the majority of the time.
Hencé, conditions were generally slightly unstable (the sea surface was
warmer than the air within the first 20 meters for the full time the ship
was in the Southern California area). Since small temperature gradients
were present small errors in tempergture measurements, sﬁch as those.due to
ship influence, could have resulted in large perturbations in the final |
results. This could account for some of the fluctuations evident in Figure
4. |

Note that Table VI contains a dashed line at 0420 on 7/26, This is
due to the poor quality of the data that was obtained at subsequent times.
The waves were extremely high during this period; part of level 1 had been
destroyed by waves breaking over the bow, and all of level 1 was removed.
The table shows positive Richardson's numbers from 0725 to 1030, but the
numbers ‘are undoubtedly too large. The zeroes indicated for heat flux are
due to the fact that for Ri > 0.2 heat flux will be zero. The numbers given
for momentum flux for this period are good estimates.

Because of the variations in the data Figure 4 shows two shperimposed'
representations of the data. Individual data points are shown, which are fit
by an average curve (heavy lines), and are also fit by a curve which shows
fluctuations about the average (light 1inés). Note that the curve for fluc-
tuations is only used in those regions of the graphs where fluctuations were
quite-rapid. Where the fluctuations can be easily identified from the indi-

vidual points no curve is included to reduce the clutter on the graph. The

.

average is an estimate, not a computed curve.
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Refering to Equations 11 through 15 we see that all of the calculated
results depend on two parameters, 6 and €. (In actuality C 2., was derived
directly from fluctuatlon data, not from 6*, although it would have been:
possible to do so) Examlnationwof Figure 4 1llustrates»the mannexr 1n‘wh1ch
Ri and F 'are related. A large temperature gradient (unstable case) results
in a large negative Richardson's number (Rl N *), whereas a large momentum
flux (F o u*) results inia small Richardson s number (Ri a u*zf. Thus, when
the flux is large Ri will be small unless compensated by large temperature or
humidity gradients. This hehavior is evident in the figures,

Not all of the fluctuation ev1dent in the results are measurements
effects. The- most striking example is shown from 0400 to 1100 on 7/21 hi
and Fn;vary in somewhat of an oscillatory manner, the variations being'almost
a factor of 4. The values obtained durlng this time are reasonable estimates,
for 20 minutes averages. .However, a more reasonable estimate of the flux,
for example, would be obtained from an hourly average.‘ As has been p01nted>:
out.by others, any aueraging time shorter;than one hour is probahlf too short
for processing atmospheric turbulence:data. We use the shorter averaging.‘
time out of neceSSLty because of the shipboard platform and changes in course,
position, and condltions; Longer averaging times could be used for those
periods when conditions remain constant. Because of the short experimental
averaging time it is more appropriate to use.the average curve through the
data shown in Figures 4, than the individual points in order to obtain final

results.

C. Diurnal Variation and Land Influence

In Figure 5 we have plotted momentum flux versus time for the 24 hour

day, where data from all time periods of the cruise have been averaged. The




numbers ﬁhat were used to cobtain this ﬁiguke were obtained from the
average curves in Eigures.4, not from the individual data points.
One expects very little diurnal variation for open ocean conditions,
énq this has been confirmed on previous cruises. In‘Eigure 5 we see a
significant diurnal variation of the flux.

Data was taken on this cruise for a wide rangé of distances from i

shore, as close as 1/2 mile and as far as 30 miles when the ship was south

of Catalina Island. In Figure 5 we divide the averaged data into two
_groups, all data, and at sea data. The at sea data is that taken in the
neighborhood of Catalina Island. The at sea data shows a much smaller
diurnal vaiiation, but the variation is large‘ehqugh to indicéte signifi-
cant land influence in the area. | |

- In Figure 6 we show the variation of mOmentum flux with wind speed.
The points on the graph were computed directly from the data in Table VI
and then averaged. When there was not much data available at a particular
wind speed, data from more than one speed waere averaged in order to improve
the statistics. The error bars were obtained from the square root of the
number of points in each sample. The solid points are for data near the
shore, the open points are for at sea (south of Catalina Island). The two
solid liﬁes afe theoretical curves obtained from |

2
Fp = P [ku/fnlz/2 )1 (16)

for values of the roughness length zo = 0.01 and Zo = 0.1 cm. Previous

measurements over the open ocean give values of zo near 0.1 cm and the

results presented in Figure 6 are somewhat in aéreement with this value.




The data is much higher than the-prediction for wind speeds below
5 knots. Obviously the shear'préduced momentum £lux WOuld bé zero at zZero
wind speed, but we measure valuéé ofuthe order 10"2 kg/ﬁsécz. The mgaéure,
ments can be partially exﬁlaiﬁed‘by convective fldw and the‘ioll of thé ship.
The convective flow could be enhancéd by‘the shipis presence since its‘meah
temperature is greatéf than thé watei temperatufe; Qﬁéntiﬁative comparison
with the results are not fe;sible. h o |

Careful evaluation of the results shows that some, but not all, of

the diurnal effect is due to an increased wind speed near land during those

periods when high values of Fm were obtained. The data base reported here is

not sufficieritly large to separate the effect of wind speed from the influence
of the nearby land mass.
It is interesting to note that these data imply that the "Los Angeles

air basin" is an area that extends at least 30 miles to sea.

D. - Pollution Model Parameters :

Figure ld shows the course followed by the ship to obtain parameters
forvthe CARB air pollution model. Data taken on the westward leg on the lower
part of the figure is labeled M2 on Figure 4a. The remainder of the data is-
labeled M3. 1In addition thé da;a_labeled Ml was obtained in the heighborhodd
of Catalina Island in the hope of finding open ocean conditions for comparison
purposes. The model experiment was perfofmed'on 7/21. -On 7/22 and 7/24 we
performed the tracer experiments in the same area and the parameters presented
here are averages for all of thé data. Comparing all Qf the déta-shows that
the variations in the parameters which we observed were temporal rather than

spatial.
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We cannot stress‘too strongly that the parameters preseﬁtéd below
are averages that were obtained during a pariicular~tiﬁe of the year) under
a particular set of ciréumstances. As the weather changes the parameters
will change. The following are our best estimates:

Ri: Thé wéter was warmer than the air leading to slightly unstable
conditions, Expected vaiues are in the.range ~-0.3 < Ri < -0,05.
This is consistent with the Richardsonls‘numbers obtained for J
other overwater experiﬁents‘which #ve:age to Ri = ~0.08 (open
ocean) . | | |

F : Figures 5 ané 6 can be ﬁsed; recalling that the solid curve in
Figure 5 includes at éea data and that values as high as 6vx 10_2
kg/msecz were obtained near land in the late afternoon. The
diurnal/wind speed variéﬁion is significant and should be taken
into account. For simplifiéation one could use F, = 1.5 x 1072
for all periods except 1400-1800 where a value of 4 x 1072 would

- be appropriate. Alternately, Figure 6 can be used to obtain Fm as

a function of wind speed.

D: The turbulent eddy diffusivity can be found from Fm using Equations

12 and 15 (assuming near neutral stability and a height of 10 meters).

We obtain:

b= (F /0.105)%/% | (17)

Near land this gives the range 0.3 <D <0.8 mz/sec. This is much
lower than overland values.
€:  The dissipation rate can also be found easily from F_ . Using Equa-

tions 11 and 15, for a height of 10 meters, we obtain:
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e = (Fm/2.97)3/2 . | (18)

F_: The sensible heat flux varies quite widely since it depends both

on the turbulence and on the temperature profile. Of courselF#

can be either positive or negative depending on the direction of

the gradient. We obtained valueé that ranged from -~50 to +20

watts/mz. A reasonable average would be ~4 watt/m2 forv

Fm ~ 1.5 x 10"2 and Ri ~ -,3, For the same stability a momentum

flux of 6 x 10°2 will give a heat flux of ~ -20 watt/mz. For a

much larger thermal gradient (Ri ™ ~3) a momentum flux of ~ 1 x 10“2

will produce the same heat flux. Further extrapolations can be

made but it is best to refer toiTable vI.

E. Stability Corrections

As has been described above, the data was reduced assuming. neutral

stability. Conditions were slightly unstable, the average Richardson's num—
ber being -0.3. This value of Richardson's number leads to. a stability cor-~
rection of 20 to 30% for the calculated results, depending on the pérametet.
This correction is within the errors associated with the measurements and
has, hence, not been_applied.
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APPENDIX A: BASIC‘DATA
In this appendix we preéent data on a) the ship's speed and course
and cruise charts, b) wind speed and direction, c) aéoustic sounder strip
chaits and interpretation, d) radiosonde results, e) sea sufface témperar

ture and air temperatﬁre and humidity.

A. -Ship Coﬁrse

Table II lists changes in the sﬁip'svheading and épeed,‘the informa-
tion being obtained from the ship's log and the NPS scientific log. Tﬁe
ship's normal cruisiné spee&:is éppioximateIY'9.1/4 knots and is désignated'_
as full ahead in the tgble.ﬂ,No;correction is made for currents or winds.b
Charts of the ship's posifion a:e;showh in Figureslla —\lj.. Small course
changes which are occasiohally necessary for maneuvering purposes are not

shown in either the table 6r the charts.
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7/17/77

7/18/77

7/19/77

TABLE II

Changes in Ship's Speed and/oijcéufse

0815
0850
0924
1126
1400
1500

1655

0100
0220
0335

0345

0355
0615
0654

© ‘0815

0822
0835
0855
0915
1135
1230
1355
1550
1630
1845
1930
2242
2350

0215
0255
0345
0500
0750
0900
0945
1120
1140
1149
1205
1425
1455
1545
1730
1800
1935

2120

Departed
c/c 210°
c/c 168°
c¢/c 150°
c/c 148°
c/c 143°

~c/c 144°‘

c/c 126°

" ¢/c 079°

Downwind leg of platform Helen TUNn
Start 360° pass of platform o
Underway to Holly c 100°

‘Stop for true wind, maneuvering near Holly

c/c 105° Depart Holly

Stop for true wind, 1.5 mi from platform C
c 090°, 1/2 ahead near platforms

c¢/c 145° into clean air

c/c 070°, 1/2 ahead run by platform -
¢ 133°, full ahead :

c/c 115°

c/c 110°

c/c 104°

Drifting

Head into wind, 1 engine dead slow
c/c 060°

c/c 270°, port engine slow ahead

c/c 080° :

c/c 270°, starboard engine slow ahead

Underway to beach

Drifting

Underway to Catalina

c/c 148°

c/c 205°

maneuvering near Edinburgh

c/c 345°, full ahead

Downwind Edinburgh, 160° at 2 knots
Finished downwind leg

Upwind, 160° at 2 knots

Finished tanker data, underway to Isthmus
In fisherman's cove '
Underway easterly

Heading into wind

Underway to tanker

c 133°, full ahead

c/c 165°

Drift neighborhood of tanker
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7/20/77

7/21/77

7/22/77

0820
1015
1445
1710
1800
1815
2200
2205
2300

2325

0010
0100
0250
0315
0345
0410
0445

0510
0540-

0606
0635
0640
0700
0810
0900
1110
1245
1410
1440
1515
1555
1620
1700
1725
1800
1823
1925
1947
2011
2038
2110
2135
2212
2217
2305
2310

2333 -
2350 -

0001
0050
0055
0115
0150
0200

c 348°, full ahead
c/c 345° o ‘
Underway to platform}Eva

. Arrive at Eva

¢ 210°, half ahead
c/c 270° v

Stop for true wind
¢ 030°, full ahead
Stop for true wind
¢ 000°, full ahead

c/c 345°°

Stopped for true win
Stopped :
Underway, c 180°
Stopped

Underway, ¢ 177°
Stopped

Underway, c 175°
Stopped B

¢ 180°, full ahead
Stopped

¢ 240°, dead slow
Stopped - y

c 090°%, 2/3 ahead
c/c 000°

~ Stopped

Underway, ¢ 265°, 1/2 ahead
c/c 182°, full ahead

- At position, head into wind
* Underway-to new position, full ahead

At new position, head into wind
Underway to new position, full ahead
At position, head into wind

: Underway to new position, full ahead

At position
Underway, ¢ 078°

" At position, dead slow into wind, ¢ 270°

Underway, c 000°, full ahead

_ At position, c 235°, dead slow into wind '

Full ahead, c 010°

At position

Full ahead, c 053°

Stop for true wind
Resume course and speed
Stop for true wind

¢ 000°, full ahead

c/c 180°, 1/2 ahead
Stopped

¢ 350°
c 009°
c 026°

. c/c 168°

c/c 208°
¢ 200°




0211 c/c 336°
0222 Underway, c 336°
0258 c/c 023°
0330 ¢/c 012°
0350 c/c 270°
0415 Stop for true wind
0420 Underway, ¢ 216°, full ahead
0450 - ¢/c 200°
0510 ' Stop for true wind- R A T
0530 : Underway, ¢ 135° SRR : .
0615 Stop for true wind . '
0634 c 000°, full ahead
0710 Stop for true wind
0756 Stop for true wind
0759. ¢ 000°, 1/2 ahead
0805 c/c 150°, full ahead
0818 c/c 170°
0831 2/3 ahead
0835 - c/c 090°, 1/2 ahead
. 0845 Full ahead
0850 c/c 180°
7/22/77 0910 c/c 270°
(cont'd) 0945 Stop for true wind
0948 c 260°, full ahead
1005 Stop for true wind
1040 Stop for true wind
1044 c 122°, full ahead
1130 -~ Stop for true wind
1150 c 085° -
1305 -~ Rendevous at Redondo Beach
/1315 - Underway to Catalina, c 215°
1405 - . . ¢/c 155°
1700 ‘¢c/c 180°
1800 ‘Drifting near Edinburgh :
2100 Underway, c¢ 100°, full ahead 1
7/23/77 0100 c 095° ;
' 0200 . - ‘¢c/c 085° k
0235 - Stop for true wind E
. 0245 Underway, ¢ 325°, full ahead :
0500 ¢ 300°.
0530 8/c 304°
0625 c/c 292°
0845 c/c'240'
0915 c/c 305°
1130 Reduce speed to slow ahead
1150 Drifting
1420 Ship stationary p01nt1ng into wind
1450 Underway, ¢ 215°, 1/2 speed into wind
1510 Full ahead into wind
1530 c 035°, full ahead o
1550 ¢ 000° ~ .
1630 Stop for true wind

-..1650 No motion, point into wind




7/24/77

7/25/77

7/26/77

1720
1745
1810
1812
1820
1932
1943
2315

0100

0110 -

0150
0210
0240
0300
0450
0455
0530
0548

0600 .

0707
0745
0855
0905
0946
0951
1112
1130
1140
1150
1245
1330
1800

1900
1938
2027

0100

0345

0445
0530
0630
0930
1200
1210
1310
1330
1425
1430
1501
1530
1645
1650
1700
1735
1800
2312
2400

.. Dead in water
" Move closer to beach

c 265°, 1/2 ahead into wind
¢ 265°, full ahead into wind
Stop for true wind
¢ 025°, full ahead

‘¢/c 100°

c/c 090°
Stopped

“Underway, ¢ 316°, 1/2 ahead

Drifting
Undetway, ¢ 092°, 1/2 ahead

Underway, ¢ 245°, 1/2 ahead
¢ 245°, full ahead

Stop for true wind

Underway, ¢ 050°, full ahead
c/c 038°

Stop for true wind

¢ 150°, full ahead

Stop for true wind

Underway, ¢ 150°, full ahead
Stop for true wind

¢ 055°, full ahead

Stop for true wind

Underway, ¢ 330°

Stop for true wind

Underway, ¢ 265°, full ahead
c/c 220°

c/c 100°

Drifting

Underway to LA Seabuoy
Maneuvering in LA harbor

Depart pier LA harbor
Clear harbor entrance, C 198°
Stop engines

Drifting

‘Underway to Pt Fermin

Arrive at station
Underway, ¢ 270°, full ahead
c/c 300°

Stop for true wind

c 298°, speed 9 knots

c/c 285°

Stop for true wind

¢fc 278°

Reduce speed to 1/2 ahead
Resume speed

Stop for true wind

Reduce speed to 8 knots
Dead slow

Resume full ahead

Speed 8 knots

c/c 080°, 1/2 ahead

¢ 075°, slow ahead

1/2 ahead for oil platforms
Nearing platforms
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7/27/77

7/28/77

7/29/77

0448

0535
1145
1345
1630

1800
2020

2235

0100
0420
0500
0719
1055
1225

1255

1435

0245
0340
0600

1200

- Complete working platforms

Underway, c 185°," full ahead

Drifting ,

Underway, ¢ 122°, full ahead

Arrive channel island harbor

Underway for Coal 0il Point

c 292°, full ahead . ,

Stop for true wind, near Holly =

Leave Coal 0il Point area, c 180°, slow ahead

Drifting
Underway to station, c¢ 245°
Drifting on station

- Underway, c 292°

c/c 303°
c/c 330°
Heavy seas, 3/4 ahead
Heavy seas, 1/2 ahead

c/c 320°

c/c 325°, speed 5 knots
c/c 349°

At Cypress Point
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B. Wind Speed and Direction

Table:iII lists ship's heading and speed, relative wind direction
and séeed, and ﬁrue wind direction and speed. Aall épeeds are in knots,
and directions are in degrees measured clockwise from true North for the
ship heading and‘true wind, and clockwisevfrom the ship's bow for the
relative wind. The ship speed was obtaihéd from'therbridge and is based
on the speed of the ship's screws. Relaﬁive wind was measured both from
the sﬂip's anemometer and from the éups on level 4 of the NPS scientific
equipment. True wind was calculated-froﬁ the other data and is no more

accurate than + 1 knot and + 20°, especially at low wind speeds.
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Time
7/17
1000
1100
1200

1300 .
1400 -

1500
1600
1700
1800

1900

2000

2100

2200

7/18
0000
0300
0330
0400
0500
0600
0630
0800

0830

Ship

Heading

168
168
150

150

148
143
143
144
144
144
‘144
144
144

144
079

100
102
075-

097

095

Speed

10
N
10
10
10

2,5

TABLE IIX

Relative and True Wind

Relative Wind

Direction

013
010
010
030
020
038
087
092
082
090
006
349
011

300
001

012
028
000

023
020

A-18

Speed
12.5
9.5

6
5

3.5
4.5

1.5

5.5

8‘5
16.5

13.5

True Wind
Direction

220
279
316
306
310
307
310
303
296
300
322
326
319

001
258
295
211
206
075
075
154

125

. Speed

- - S T




7/18
0900

1000

1100

1200
1300

1400

1600

1700
1800
1900
2000

2100

2120

2140

2220

7/19 .

0000
0020
0040

0100

0120

0140
0200
0220

0300

070
133

133

113

111

104

277

275

073

264

265

265

" 265

260

265

270

270.

270

265 .

275
270

090

020

03:2’
047
047

019
031

063 :
075 |
079
345
340
000
000
315

010
020
018
018
060
012
350
270

aA-19

6.5

6.2

10

8.5

106
272

297

© 270

264
276

265

351

004

234

244
222
265
265

186

283
308
317
317
025-
011
241
312

194




7/19
0400
0440
0500

0520
0600
0700
0900

1000
1100
1140
1200
1330
1430

1540

1550

1610
1630
1650

1710

1800
1900
2000 -

2100

2120
2140

2300

180

180

150

148

140

140

353

‘175

155
168
305

254

320
320

290
285

275

133

133

167
147 -

350 -

000
355

- 000

004

- 350
355

226
357
017

000
000
340

000
340
355
350
000
058 -
327
053
028 .

328

A~-20

11
12

10

- 11,5

11.5

3.5

180

161
150

166
045

048
200

201

161
192
168

125

234
328
320

294

283
272
275
301
338
277
290

005

318

315

~0




7/20
0000
0100
0200
0300
0400

0500

0555°

0640
0700
0830
0850
0920
1000
1020
1100
1200
1220
1300
1400
1500
1600
1700
1710
1720

1740

295

- 345

350
350

350

" 345

343
340

340

332

152

102

094

187
350

000

340
340

335

5}5

340
040
345

340

338

068
181
146 -

068
285

A=21.

9.5

5,5

11.5

183

067
- 290
090
280
280 .

270

205
285
210
250
248

245

218
117

177

193" -

206

280
274

282
261
260

255

275

RN - SRRV N

o

s B OO

3.5

10

15
14

12

11.5




7/20
1800
1820
1840
1900

1920
1940
2000 -

2020

2045

2050

2100 .

2120

2200
2300
2325

7/21

0000
0040
0100

0120

0140 .

0200
0215

0250
0345

0350

0447

210

270

275

275
250

270
270

270
270

270
270

000 -

000

345

270

270
270

100
095

342

000
359
000

000
1000
000

000

000

000

000

000

330
333

350.
348

350 -

000
350

A-22

(,19 :

17
16

17
';’ 14

14

16
15

11

14
12

10.5 .

186

270
274
275
250
270
270
270
280

270

270
270

280
302

180

255

259
305
141

112

102
120

100 - -
100 .

085

142

14
12

11
12
14

14

11
10

& A




0500
0545
0635
0830

0850

0900

0930

1000 -

1030

1050

1115
1220
1245
1300
1400
1445
1600
1700
1800
1925
2010
2115
2215
2300
12320
2350

095
- 095
360

360
360

330

330

265

265

260

018

350

et

030
o0

020

000

- 000
355:.;f

‘0;5

12
13

6 © ~ ® @

16
1
o

..‘IQ;

125
160

: calm

072
' ges

091

135

1235

270

.
265
258
285
280
260

270
265

250

225
220

120

100

076

050

L ~O

1.6

- 10
11

14

13

15
14
11

11




7/22
0004
0030
0045

0100

0130

0211

0215
0245
0300

0330

0415
0515
0615
0645
0715
0800
0825
0910
0930
0950
1010
1045
1055
1130
1200

1307

170
180
270

125

052

340

035

- 010

004

011

000

000

126

o A-24

10

i0

8.5

o040
010
025
020
Cosr

180

calm.

095 |
123
: 122

015
120

130
113

calm
calm
179

307

270
260

260
240

305

- 230

178
250




7/22

1430

1500
1600
1640
1700

1910

1950

2120

2200
2220
2300

2320

7/23
0000
0100
0200
0235
0315
0400
6450
0630
0730
0830

0900

1000
1100

155
155
155
155
179

100

100

100

100

100

100

095

090

325
324
325

300

300

290

335

300

320

© 0 . W

w0

9.1

‘341

052

| Qesl |

006 .

s
s
042

047

035
o040
045

005 -

016

353

025

010

025

030
o
290

75

RN -
9.5

;1,$   J
s
-217 |
18,5
f.?lé S

s
12

9.5

4.5

w25

278
278
331
012
282

145

150
'.‘184
132
172
175
181

175
184

199
160

139
122
152
1099
Fit
. 085 :

139

092

159

10
20

5.5

7.5
:4 .5

2

12

[







7/24
0300
0330
0400

0430

0450

0500

0530 -

0550

0600
0630
0700
0720
0800
0825
0900
0945
1000
1100
1200
1300
1400
1500
1600
1700

7/25
2100
2200

245

245
246

050
038

150

147

167

150

150

325
330
100

195
193
115

080

295
285

2.5
2,5

340

s
334

o0
347

025
023

B
000

- 350
350
035

o0
307
185
_,205"

34q'1

340

: 8,5».‘..

10 -
13

10
10

4.5

13

» 5727  .‘

136

135
- us
210
207
2
s
e
265
097
> 130'
086
330
o 075
300
261
1299
265
275
269
127
". 298
275

273
262

18.5

 :12




7/25

2300

7/26

0000
0100
0200
0300
0400
0500

0530

0600

0700
0730
0800
0900
0930
1000

1100

1200

1305

1400~

1500

1600

1700

1800

1900

285

340

270

270

297

295

295

295

295

295

295

280

278

278

070

9.4

9.4°

9.4
9.4
9.2

9.2

9.4

000

000

000

000
333
000

020
005 -

005
005
355

352

317
342

235

A-28

11

11

10-5
12

13.5
13.5

18.5

18.5

13.5°
23 |

16

280

285

045
225
240
340
300
270
090

162

115
018

315
315
310
311

285

285

265

245
200

251

315

300

12

N

10
11.
10

16.

15.
18

17




7/26
2000

2100

2200

2300

7/27
0000

0100

0156
0218
0300
0412
0500
0600
0700

0800

0900
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000

070
070
080
080

090

117
113

295

290
280

‘:235 - ‘:{13v,

255 14

2451 ﬁ.v >v1o'

o8 7

047 g5

s 12,5

325 85
005 5

ﬁ3é29-  >">

298

NS
SR b I
302

130
R L
240 R

calm

‘f'ozo X
a5
o0
255
250
225

250

260
246
230

230
160

'zsoz'
341
260

175

14

15

11,5

5.5




7/27
2045
2115
2155
2230

2300

7/28

0000 °

0100
0200
0300
0400
0500
0600
0700
0800
0900
1000
1100
1200
1300
1400
1700

2200

180

180

290
290
290
290
300
330
330

330

330

3.5

3.5

9,2

7.5

5.5

325

025

000
355
350
005
030

015

345
345
010

A=30.x

7.5

5.5

19
14
15
25
27

22

100
085

085

095

122

237
210
210
215
250
255
265
230
110
144
122
299
357
353
310
312
342

(=)
[24]

(=)}

10

10
19
23

18




7/29
0600
0700
0900
100b
1100
1200

325

325

325

347

47

022

8.2
- 8.8
8.8

355

355
000 -

343

33

323

a-31

19
23
19

| vlau'j»

s

s

316

317

s
s
330
310

11

15

10

90'5




C. Acoustic Sounder

Repréductions'of the acous;ic sounder étriﬁ charts are shown in
Figures 2a - 2d. Each strip ih the photographs shows a 24 hour period
and the vertical.sban is 1000 meters. Betﬁrn echos aré readily apparent
and in ﬁost caseéé;he'strqng r;turn idenfifies the §resence'of a_temperatute »
inversion. The,ﬁeight of the 5;3e of the'inversion i; identified on the
charts from the io%er most portion of thei;eturn echo signal (dark horizon; B
tal baﬁd on chart). The vertical dark areas on the charts are éaused by the
increased noise when the ship is in motion. Thermal plumes are evident on
many of the charts and can be identified by a return at the surface and
extending up%ard, at times to heights of nearly 300 meteré. The times at
which radiosondes were launched are shown at the bottom of each chart by a
letter, which corresponds to the letter designation on the radiosonde graphs.
Experiment codes are also shown.

Table IQ is a compilation of data taken from the acoustic sounder charts.
We present this table because it is much more difficult to identify weak
returns on the reproductions of the charts than on the originals, and at
times as many as 5 or 6 distinct returns can be identified. The table lists
the height of top of thermai plumes, when present, and the height of the
base of non-surface return regions, all heights being in meters. There are
also code letters associated with the listed heights. The letters "W" and "S"
refer to weak and strong return echos, respectively, when they precede a
number., A "W" following the listed height for a return height indicates that
echos are obtained over a wide band. "Dark" means that there is too much
background noise, giving a dark trace, to allow determination of the presence

of a return.

A-32



Pigurs 23







Fig{zre 2¢
A-35




o739
73
{1eAY ;
0
§
o I
m
-l

a1

S




TABLE IV
SUMMARY OF ACOUSTIC SOUNDER RESULTS
DATE/  THERMAL RETURN HEIGHTS |
" TIME PLUMES . . 1 20 3 4. .. COMMENTS . .
_ 7/16/77
1120 $290 ‘ :no thermal plumes untl 1400
1140 5360
1200 8370
1220 $340 460 © divides
1240 | 5380 420 :
1300 . S400 460
1320 w300 380 480 ~ return at 300m
: appears - 2nd return
1340 W300 w400 480 getting weak - 3rd
return rising, weak
14oo. 260 $360 N 480 return 1 § 2 merge
1420 200 380 ? 510 can't tell where #2 begins
1440 W160 360 ? 520
1500 220 300 .? - W520 seems to be 4 returns but
' can't tell where it starts
1520 160 300 7 540
1540 200 | 260 ? 520
1600 160 $320 420 | . return 3 § 4 merge together
1620 160‘ $300 400 500
1640 Wi30 280  merged  W480 .  W580
1700 250 320 500 600
T 1720 240 300  merged 520 580
. 1740 260 ~ 290 5-360 VW540 plumes merge with 1st
return
1800 240 320 ~ 400 | 530 return #2 merges with 1

around 400 m

A-=37




1820
1840
1900

1920

1940
2000
2020

2040

2100
2120

2140

2200
2220

2240
2300

2320
2340
2400

7/17/77
0020

0040
0100

290
120

5100

S100

140

140

VW 100

~120

VN200

180
220
180

360
180
160
180

~200
260
140

140

240

150 -

240

160

160

260
200
260
260

$270

w200

230

dark 560

300  ~360
320
300 340
260
merged
280 320
260 320
300 340
200
combined
290 340
290 ~ 340
‘~310.  ~330 -
_ merged .
~ 300 _ 400
280
280
280

A-38

620
560
VW580-600

Wv580

340
VI420-

400
410
VW450

~ 420-460
440
W460

460
360
400

380
400

may be another return at
460 m

#3 merges with 2

inversion rising from
surface

return 3 seems to have
split .

may have 5 return heights

3 is combined with 2 and
another one

return 4 is hazy - not clear

no plumes

return 2,3,4 merged

inversion rising from
surfaces

no plumes




0120 W80 320 | 420 an't discern return
¢ 1§3
0140 ‘W100 280 310 ~410(?)
) 0200 260 280 merged
- 0220 | w100 290 460 | there are now 4 returns -~
.. all merging ,
0240 w120 260 - not clear
0300 W160 240 ‘ " no 5 returns
0320 W140 220 300
0340 . : 240 280 320 ~ 460
0400 220 460
0420 ' 240 merged 330 ~ inversion from surface
0440 80 220 1280 320 #5 hazy
0500 . 120 220 270 310 4 § 5 merged together
0520 140 250 310
0540 160 260 340
0600 60 260 310 420
0620 80 280 merged » can't tell #3 § 4
0640 160 280 320
0700 : 260
0720 260 .300 | no plumes.
0740 100 . §200 . 340
0800 160 210 - 390 350
0820 - 200 300 350
0840 ~210 300 340
~ 0900 240 _getting too dark to
. 0920 320 see much
0940
1000

A~-39




1020
1040
1100
1120
1140
1200

1220

1240
1300
1320
1340
1400

1420

1440
1500
1520
1540
1600
1620
1640
1700
1720

1740

1800

1820

1840

1900

W80
100

- 100

120
120
120

130

120

140
215

130

90
110
120
140
110

140

110

130

120
140
160
140

280

300
200W
200 *
180W
1600
180
220
210
220
220
210
260
240
240
240
210
270
280
280
300

300
260

280

300
320

340

240

300
300 -

305
300
320

380
360

380

A-40

'~ may have 2nd return

very faint second return

have 2nd return but can't
judge - too dark




1920
1940
2000
2020
2040
2100
2120
2140
2200
2220
2240
2300
2320
2340

2400

7/18/77
0020
0040
0100

0120

0140
0200

0220

0240

0300

140
140
150
140

260
- 160

120

200

160
150
130
180
120
200
160

140

120

120
125

160

300
280
-~ 300
300
280
320
310
300
300
300
280
280
300
- 290
280

260W
260
255
145

can't tell - too dark

(?) 220W

A-41

return 1 descending to
surface

may be 2 or 3 returns

inversion - going to
surface - plumes become
darker, rising up blotch
so can't tell which is
which

may have 2 or 3 returns




0320
0340

0400
0420

0440
0500
0520
0540
0600
0620
0640
0700
0720
0740
0800
0820
0840
0900
0920
0940

1000

1020

1040
1100
1120
1140

1200

140
140

120

80.

160
120

80
140

120
180

120
130
100

90
100

100
120

140

130
150
160
150

160W
180 400

100 180 360
140 - 240

1100 240
220
160

- 100 250

220
200
20@ - 310

160
200
240 - 340

210 340

240

220
200
160W
180

200
230

260

A-42

inversion rising from

surface

plumes rising to combine

- with inversion at 120-140m

too dark to see 3rd

‘too dark to. see anything

2nd return ﬁhy'have
combined with 1st




1220
1240

1300

1320

1340
1400
1420
1440
1500
1520
1540
1600
1620
1640
1700
1720
1740
1800
1820
1840
1900
1920
1940
2000
2020
2040

2100

160
100
120
170
160
160
160
130
-140
100
180
100
120
100

120

120
120
160
130

100

120

180

W100

W100

W120

220

. 230

250

210

- 240

240
260

240

320

300

320

330
360

340
360
340
340
350
360
360
390
400
390

380
400

410
400
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2120 NI00 420
2140 W100 420 |
2200 120 380 R S | ]
2220 120 380 et
2240 100 - 380 i
2300 110 340
2320 320
2340 140 - 340
2400 160 280
7/19/77
0020 140 330
0040 300 |
0100 320 _: | S R dividing into 3 returns
0120 w150 270W . ' ‘} | _ plumes are very faiﬁt
0140 W150 ~ 190W. 360 ' o " can't tell where 3 returns
E . \ : L : _ start
0200 120 240 - 480 520 |
10220 160 240W DARK
0240 100 DARK
0300 120 180 . 380
0320 130 140 ; 340W | .460 540 inversion descending to
- ~ surface
0340 140 ~145 370W | 34 4 merged with 2
0400 100 360 DARK -
0420 | TOO _ DARK ' | too dark to see until 0850 -
0440 |
0500 )
0520

0540




0600
0620
0640

0700 -

0720
0740
0800

0820

0820

0840
0900
0920
0940
1000

1020
1040
1100
1120
1140
1200
1220
1240
1300
1320
1340
1400

220-

220
240
240

160

140

210

180
180
160
200

200

160
140

S580
590
620
370

300
DARK
DARK

W240

at surface

disappeared
260
220
300
340

580

620

610
600
600
580
420

- only 1 inversion now

another return appeared
at 370 m'

1st return at surface

#2 dropping -

almost at surface

A-45




1420 170 200W: o : o 4 ~ inversion very wide not
- o . sure if it's part of
plume or inversion (200-660)

1440 190 2000 ’
1500 180 TOO  DARK .
1520 160 ®
1540 180 _' ~ 500 /
1600 - 190 500 -
1620 200 470 seqij' . o 2nd return appeared
1640 220 500 j, 2 merged with #1
1700 220 s0 |

1720 220 480 56
1740 240 a0 sie
1800 220 a0 e
1820 w0 460 |

1840 160 510 -
1900 160 540
1920 160 DARK
1940 © 180 500
2000 220 s00-
2020 40 s
2040 200 540
2100 160 560
21200 180 580 |
2140 200 600 L | - : S
2200 180 590
2220 140 600 )
2240 200 . 580
2300 130 650

A-46.




| 2320 150 650

| 2340 200 640
. 2400 \
E
) 7/20/77 |
0000 140 620
0020 140 635
0040 180 630
0100 180 620
0120 140 640
0140 140 640
0200 120 690 ,
0220 200 720
0240 320 750
0300 - 380 760
0320 380 790
0340 400 760
0400 380 740
0420 360 720
0440 360 740
0500 300 720
0520 320 700
0540 280 - 280 690 another return appears at
‘ ' 280 m
0600 can't tell where 708 . very faint - may have
- plume ends & : merged with plumes
inversion begins ‘ '
0620 180 120 690
0640 ? 160 620
0700 ? 160 615

A-47




0720
0740
0800
0820
0840
0900
- 0920
0940
1000
1020

© 1040
1100
© 1120

1140
1200
1220
1240
1300
1320
1340

1400

1420
1440

1500

160
180

200

140
140
120

140 -

120
140

180
140
120

140
130
160
180
100
100

110

- W90

110
100
100

220
230
280
200W
DARK
W160
180
160
210

disappeared

DARK

360
360
360
280
260

320
260
~ DARK
280

615
600
640

660

700

700

DARK

DARK

"
"

L1

"
"
"

LR

420

440

400

440
450

440

T00 DARK
T00 - DARK
700

570w
560

DARK

A~48

700

620

plumes are there but
inversion is overlapping
with it

may have 2 or 3 returns
between 300-500 m

return became clear at 420 m

may have another return
at 360 m and another
between 520-610 m




1520 160 200 240 420 ?

1540 120 120 300 ' #2 overlapping with #1

same with #3 § #4
- 1600 - 100 120 300 #2 & 3 oferlapping with #1
- 1620 90 - 100 235

1640 80 120W ' return dropped to surface
became one pig return

1700 70 BOW

1720 ? - T0W - 4 inversion - overlapping with
plumes '

1740 ? 80OW

1800 ? : 80W

1820 100 120W

1840 100 130W

1900 100 140W may have 2 wide returns

: : - overlapping
© 1920 100 160W |

1940 120 260W

2000 120 280W

2020 200 W240 380 : another return appeared
at 240 m

2040 120 w200 360

2100 140 W220 300

2120 150 240 ' " #2 overlapping with #1

2140 160 240

2200 120 280

- 2220 140 340
2240 140 320

2300 130 300

2320 200 270

2340 140 300"
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7/21/77

0000 140 280
0020 150 290 JREEOE - I -
0040 160 310 | |
0100 160 290 ‘
10120 130 270
0140 120 270
0200 140 280
0220 150 280
0240 160 300
0300 320 200
0320 320 220 R S | ; ;
0340 ? _ 260 el o dark band covering plumes |
0400 R 240 T S inversion covering plumes
0420 ? 320 [ e band covering plumes
'0440 ? 380 ,f  ’_ % 'band covering plumes
0500 210 360 ) | |
0520 dark band 450
0540 " 485
0600 320 460
0620 150  dark band .
0640 120 480 640
0700 - 260 460 560
0720 260 460 560 - )
0740 300 460 520W
0800 320 420 : o

A~50 /




0820
0840
0900
0920
0940
1000
1020
11040
) 1100
1120
1140

1200

1220

1240
1300
1320
1340
1400
1420
1440
1500
1520
1540
1600
1620
1640

1700

220

240

200
160

160
200
210
180
100

200

1200
210

200
180
140
140
140
100
100
140

200

140
120
150
140
140
120

460

475

430
420

360

310

300
280

260

220
220

230

200

180W
210
200
200
280
220

200

200
220
220
200
160
140

340
360
-~ 300

~ 330

320
biotch

ended

290
290
280

400 #1 split into 2 returns
400
400
dark

ended

#2 overlapping
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1720
1740

1800
1820
1840

1900
1920

1940
2000

2020
2040
2100
2120
2140
2200

2220

- 2240

2300
2320
2340

7/22/77
0000
0020
0040

90

100

120
140
160
140

140

140
130
100
140
100

110

100

110

140

160
110
100

120

~110

100
80
140

200
240

250W

200W

160W

140

300
310

3200
330W

220 |
220 420
250

240 overlapping

340W

DARK
DARK

290

190

200
140
140

‘with #2
overlappiﬁgfv "
with #1 :

" g ‘.“n
endgd." ‘énded
3900
~80 400
DARK DARK
460
480W
200 4400
370 480N
380  470W
? 460W

. Ass2

440
440

i
380

500

 return at surface over-
. ‘lapping with plumes

© #2°& 3 combined (?)
» with #1 - so did 4

may have another return
~ 400 § ~540 m

~ #1 stopped

~ #2 combined with #1

may have 2 returns




0100
0120

0140

0200

0220
0240
0300
0320
0340
0400
0420
0440
0500
0520
0540
0600
0620
0640
0700
0720
0740
0800
0820
0840
0900
0920
0940

1000

100

80

100

110

100

130

100
130

110

100

110
100
110
160
110
100
100

80
100

120

120
120
160
180
1250
200
180
80
140
220
at surface
"
120
140
190
220
220
240
240
240
240
260
230
230
200
220
220

220

320
DARK
320
DARK
340
340

DARK

DARK
DARK
DARK
290
240
300
290
280

DARK

DARK

DARK -

DARK
DARK
360

DARK

460W
DARK
DARK
S500W
410
390

400 -
DARK

380
360

DARK

a-53

510n . - another return at 410 m

480W

580

#4 combined with #3

#2' combined with #1




1020 100 260

1040 100 260 |
1100 120 20 S T -
1120 140 220 ERON B S |
1140 140 220 )
1200 140 210
1220 150 210 |
1240 150 200 L - | j
1300 160 180 o S |
1320 110 160
7/23/77 | ‘ |
1400 - 160 260 - 530 | |
1420 21b"; s '_5605,. ;. o S #2=¢bﬁbined with #1
1440 280 580 o |
1500 | 310 580
1520 . DARK | |
1540 5260 290 t 560 " nay have 2 more retumns
1600 90 260 combined 640 |
' with #1
1620 120 300N  DARK
1640 160 320
1700 140 320
1720 - 120 355
1740 120 350
1800 110 400 '
1820 120 320 - B - :
1840 100 270W . |
1900 | 400
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1920 480

1940 | 400 |
. 2000 240 390 W610
2020 110 360 W410 W610
] 2040 ' 260  combined 500
with #3 L
2100 210 540
2120 170 1520
2140 1008 500
2200 ‘ 80 500
2220 _ 80W 300 555
at surface
2240 at surface 390 500 580
| 2300 " 460 «“ 620 5(// |
2320 160 490 e -
’ 2340 260 500
| 2400 160 weak
F 7/24/77
| 0020 150 too weak
0040 155 580
0100 120 560
0120 100 170 550
0140 100 140 560
0200 120 ~125 560
0220 120 ? 550
0240 100 120 240 S 570
0300 120 160 ? 540
0320 100 at surface DARK 540"
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0340
0400
0420

0440

0500
0520
0540
0600
0620
0640
0700
0720
0740
0800

0820

0840
0900

0920

0940
1000
1020
1040
1100
1120
1140
1200

1220

100
120
100

120
100
90

100

150

DARK
110
120
120
110
105
160
100

110

100
120
120
140
140

120 Ry
140 " 500
140 "o .§bAnk

‘at surface Sfopped o W

"o s
© oAk
" "
" 480 -
DARK 500
A 500
" 540
140 520
175 - s0
M DK
” : " ’
" 490
" - 400W
" DARK
" "
~165 300 400
DARK .
" 280
" "
200w 460
260M 500
220N
180W

" DARK

550

‘ ‘overlapping with plumes




1240 . weak

| 1300 W250

) 1320 160 220 350 640
1340 180 220 320 580
- 1400 160 - 200 320 580
1420 140 220 320
1440 1200 160 300 . return between 160-300 m
1500 140 160 260  ~305
1520 160 240
1540 160 1260
1600 180 220
1620 140 200
1640 120 180 260 350
1700 ? 100 200 310
1720 o o | at surface . DARK
1740 " ? 220 360
1800 " ? 340
1820 180 200 DARK
1840 $200 300 ‘
1900 180 340 400
1920 - S210 220 340
1940 5220 . 220 360
2000 S240 280 360 DARK
2020 120 140 280 500
2040 S200 - 240 340 465
2100 S260 280 380 440
2120 5280 320 ? 480
2140 5280 340 ? 470
2200 5240 260 380 460
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2220 S200 2 B 400  ¢74807  "'

2240 $200 ~195 300 420 fwesoofff" "z'"

2300 ~140  ~1000 300 420 ~s500

2320 ~ 100 at surface = 240 440 ? .

2340 90 1200 =240 440 7 |

2400 120 130 © 220 ¢ -‘w3oo:' ' "58o,t Jv 16 returﬂs.he#e'
460 560

7/25/77 |
0020 140 160 240 380 420

| . o se

0040 110 160 2400 440 sS40

0100 110 at surface 260N 480 560 |

0120 140 " 260 f,‘34o;f - f4so,;:;f,  #5_:9t#rn at 560
0140 140 W 260,‘_: 445 o . |
0200 150 "o 280

0220 110 oo _ 2 .3 4 npay have as many as 6 or
: ‘160 - 260 . 350 7 returns

| 400 a0 o
' 0240 120 "o 10 360 450 ;.<. “'#§;s's combined with #3
0300 180 " 260 360 440 | |
0320 - 140 "o 320 - 370 7. #4 combined with #3
0340 140 " 260 ssw 1 |
0400 110 " 280 3100 480
0420 160 " 2800 465 N
0440 . 100 " 210 2800 SERER S N .
0500 100 " 200 30 470
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0520 90 at surface 200 300W 460

0540 100 " ~ 200 280 360 ' #5 return at 460
- 0600 150 220 280W 480 |
0620 120 145 230 290
. 0640 100 120 230 overlapping
| with #2
0700 90 at surface 160 " w340 |
0720 120 " 180 330 #3 combined with #2
0740 130 " 180 300 420 #5 return at 500
0800 140(?) | " 180 320 400
0820 200 - DARK 200 380 500 ~ plumes covering #1 return
0840 200 DARK 240 300 440
5
660
0900 220 DARK 240 300 430
5
640
0920 240 240 300 400W
0940 260 ~ 240 360W
1000 ? 160 270 380
1020 220 260 overlapping 400
1040 - 280 360 " combined
o with #2
1100 260 380 420
1120 320 420
1140 260 400
1200 260 360
1220 240 ~ 380
1240 200 400

- A=59




1300 280 400

1320 ~ 300 400

1340  ~200 _
1400 190 w320 L
1420 200 weo  wao s JERUR
1440 200, W300W o
1500 180 N300
1520 200 W240
1540 ? e : | AR plumes and return over-
' . lapping
: 160>0 o ? at surface |
1620 180
1640 220  WA40
1700 240 w360
1720 220 at surface :601
1740 180 340
1800 150 300
1820 .. 160 340
1840 160 360
1900 140 320
1920 -~ 20007) 260 ’ , o may be plume or return -
_ o ' not sure
1940 ? st surface DARK
- 2000 %0 " no plumes |
2020 0 220 si00 |
2040 100 220 320 .
2100 R ~110 210 340 '
12120 100 . 250 380
2140 | 90 230 370
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2200 : 170 240 . 380
2220 160 ? 340
- 2240 140 ? 340
2300 110 140 300
) . 2320 W100 160 300
2340 | 160 '» 260W
2400 160 280
f 7/26/77
| | 0020 at surface S150 ~260
0040 wo S150 250
0100 " $160 ? return #2 § 4 may have
: become 1
0120 100 | " S140 ?
0140 v 585
0200 " S80° 200 320
0220 at surface 180 ‘/ 280
0240 " ? ~ 220
0300 " 240 6’4/
0320 " : 260
0340 110 250
0400 100 110 270
0420 90 DARK
0440 90 160 "
0500 at surface 180 280 340 4_20
7 0520 90 160 280
0540 stopped DARK DARK
. 0600 200 DARK
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. 0620

0640
0700
0720
0740
0800

0820

0840

0900
0920
0940
1000
1020
1040
1100
1120
1140
1200
1220
- 1240
1300
1320
1340
1400
1420
1440
1500
1520

90
110
110
120
130

100

120

DARK
220
80
90
240
200
200
140
160
~ 140
110

at surface

"
"

"
80

at surfiace’

"
"
"
"
"
"
"n.
"
n
"

"

DARK
"

"

200

260

no plumes

110

120
DARK
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1540 at surface 180
1600 " |
) 1620 100 110
1640 at surface
- 1700 ' "
1720 120
1740 120
1740 120
1800 140 160
1820 120 at surface S may have another return
1840 120 - " |
1900 ? " 440
1920 ? ‘ " 380
1940 - ? ? 300 T don't know which is
/ S ~ return or plume
2000 160 170 S
2020 120 140
2040 at surface
2100 "
2120 100
2140° . at surface
2200 ' ' "
2220 "
2240 "
2300 "
2320 "
’. 2340 "
2400 "
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7/27/77

0020 at surface
0040 | 890 e ' may have another return i
o0 - s80 260 |
0120 580 250
0140 386 "DARK
0200 | S80 w250
0220 870 too wesk
0240 L S90  'W300

10300 §90 200

0320 ' ]’880>.9verlappink

0340 | s§0 140
0400 s70 120 - another return above #2

o . - ‘ o but is overlapping
0420 | STOW ? 5150
0440 at surface  200W “r/f . #2 seems to have merged
. o - with #1
0500 80W 180
0520 100 ‘ §120 210
0540 80 0 110 200
0600 ‘ 80 200 . ~ #2 is too low - seems to
» ' - be at surface

0620 90 | 100 220
0640 at surface. ~ 210
0700 o w220
0720 880 200
0740 | at surface 220 ‘
0800 ' S80 220
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0820

0840
0900

0920

0940

1000

1020
1040

1100

1120
1140
1200
1220
1240
1300
1320
1340
1400
1420

1440

1500

1520
1540

1600

100
110

120

80

90
80
90

90
70

70
70
'701
80
100
at surface
"
80
90
90
at surface
80
90
S80
90
110
130
150

160

150
100
~ 140

~ 120

120
120
~100
DARK
n.

"

160
100
140
130
5230
S200W
260W
290
210

- 210

200
160

T
overlapping

- 190
- 150

160
oVerlﬁppigg.ﬂ
200
230
220
oK
"
"
"
190
220
200

W400
W400
400

A~65

~ W400
W300

-N250
200

-200

W340
W380
w380

may have another return
under #1

#2 is partly under #1,
#5 at 300

#5 at 320




1620 150 . 180 250 400

1640 160 DARK 260 340 B | S |
1700 160 180 *'/f: 3oo-“f(" L . S -
1720 140 DARK 300 . [ | 3
1740 100 120 2000 | ' %
1800 g0 v  inversion rising from
v » ‘ = o surface
1820 S a0 190 |
1840 T 80 1m0 2600
1900 at surface. 130 240
1920 . 80 120 240
1940 100 S160N
2000 at surface S140W
2020 | " S1200
2040 " S120W
2100 oo S100W | |
2120 " S100W o ' may have another return
~200 m
2140 ' " S90W 220
2200 "o SQ5W 210
2220 " SI0ON  DARK
2240 " " 51008 DARK
2300 | 80 110 220
2320 ‘at surfac:./ 200‘/ Coe D mayv have return between
‘ ’ L 110-200 m
2540 100 190 .
2400 at surface 110 200
7/28/77 |
0020 at surface DARK 200 | ~ 400
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0040 at surface 160 280
0100 "o 200 - 270
‘ 0120 " 160 . 260
0140 100 180 280
i 0200 © gOW  ~240 300
0220 - '80W 260 overlapping
0240 80 190 290 380
0300 at surface ~200 280 380
0320 " 160 280 ~400 5 returns
0340 " 150 290 380 6 returns
B .
560
0400 " 140 280 320
5 6
380 560
0420 " 120 240 320
5 6
440 560
0440 " 170 260 380
5 6
480 560
0500 no 200 340 400
g
580
0520 | 80 200 280 360
| 580
0540 80 190 280 340
q | 5
| 580
0600 80 210 300
0620 80 100 230 300 360
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0640
0700
0720
0740
0800
0820
0840
0900
0920
0940
1000
1020
1040
1100
1120
1140
1200

1220

90

110
90

“100

90

90
80
110

120
100

140

180
90

100
80

- 80
80

100

120
90

100

100
160,
140
180
160

overlapping

180

200
200
210
200
250

240

300

a0
2§oj”

300

A=68

‘ ‘38‘0'
400

400




D. Radiosonde

Pigures 3a ~ 3u show tﬁo radiosonde results up to elevation of 1000
‘meters. Results are not shewn above this height because we are primarily
intereéégduih fﬁe marinélinVexsion;\.Thése :iguxeilweré dérivéd airéctly
kfrom ﬁheiradiosondé readout strip Ehnrt prescntﬁtioh sokthat fine'degail‘
can be observed. A good exawple is shown in Figﬁ?e 3b where the rgéults
show a surface invérsion. an elevated inversion with a zaovm hase,‘and’lo
changes in slaope above the inversion. pitnilnot this type is not awni1~k‘
able in the normal presentation of iadiasonde reaulﬁl‘whpre.only.major

features are plotted on a much larger height scale.
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E. Temperature and Humidity Data

| Table V lists sea surface temperatgte,"air‘temperatﬁie‘at the four
‘shipboard levelsvand the aﬁerage xéiative humidity frgm the fOur»;e§els.
Pue to inherent inaccuracies in_thevhumidityvsénsors it/wbuld be iﬁapprogw
riate ﬁé list the\fbﬁrvvalues ébtainéd f:6m¥the>ie§els;4 Ail températuies
are in °C. The«only'data‘presented”in Tabl¢~IV is for thosavtime periods
when it was possible to obtain goqéjprofiles,and fluctﬁation data-(those
times when the relative_wind‘waé*from a»favcrable~directiqn); Data

" entries are missing for some times'due-tO;malfﬁnctioﬁsvof*the,telegype or,
in the case of the sea surface an&rlevelﬂl‘fo: the latter part of‘the

cruise, due to system damage by high-waéeé.
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~‘Sea Surface Temperatuxc and Atmospheric Temperature

| TABLE v L T
and Rnlativu Humidity :

Time T, T, . T, . T,

7/18 | | |
2025 le.41  16.37  16.3¢  16.25 90 - ?
2120 17.11  16.45 - 16.42  ° 16.36.  16.27 90
2145  16.49  16.49 16,47  16.42  16.33 90
2200 . 16.56  16.53  16.49  16.40 89
2220 16.42  16.51  16.47  16.42  16.3¢ . 90 = g
225 . 1647 1642 1633 90

7/19 o | Sl e e e o .
0000 19.11  16.53  16.44 . 16.36 90
0020 18.54  16.34 16,47 16.28 © 90
0100 16,13 16.08  16.06 16,01 . 92
0140 - 16.70 15.80  15.89  15.94 15,90 93
0245  16.06  16.03  15.98  15.95 15,92 100
0420 17.04 16,58  16.56  16.51  16.43 90
0440 17.4 167 16,67 16.62 16.53 90
0500 17.70 16.71 16.63  16.33 .89
0520 - 17.7 16.8 16.73  16.67  16.58 . 87
0600 16.81  16.92  16.90  16.89  16.80 85
0620 = 19.20 17,31  17.08 . s4
0640 19.00 17.51 . 17.40 - 17.34 17,24 83
0700  18.80 ~ 17.63 17,59  17.55  '17.44 - 83
0720 | 17.82  17.76 17.75  17.62 82
© 0740 19.40 17.55 17,71 17.70  17.53 83
1350 20,4  18.46 183 82
1410 21.8 18,58 18.77 18.58 - 79
1620 . 21.1 18.7  18.59  19.12  18.71 79
1650 21,07 18,69  18.44  18.83 - 18.50 79
1710 20,99  18.56  18.35  18.58 18,27 719 . .
1730 | 18,25  18.43 18,13 79
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Time

A~93

s 1 2 T T

7/19
1940 18.5 18.47 18.42 18.31 86
2000 18.76 18.03 18.17 84
2040 17,85 17.7%  17.70 17,54 87
2120 17.76  17.71 17.64 17.54 87
2140 19.88 17.77 17.70 ~ 17.65  '17.55 87
2200 o 17.78 17,60 87
7/20

0700 18.70  17.41  17.32  17.29  17.03 86
0740 19.2 17.51 . 17.47 17.27 86
0840 19.22 17.76 17.70 17.72 - 17.48 85
0900 19.3 18.02 18.02 17.98 17.84 85
0920 19.3 18.08 18.07 18.19 ~ 17.88 85
1020 19.63 18.33 18.33 18.40  18.12 84
1040 19.92 18.77 18.92 18.61 80
1240 20.2 19.1 19.19 19.25  19.0 78
1300 19.81 19.12 19.24  19.22 19.03 79
1320 19.67 19.08 19.22 19.24 19.04 88
1800 18.24 18.80 18.84 19.16 18.80 84
1900 17.80 18.86 18.78 18.87 18,28 83
1920 17.70  18.77 18.70 18.79 18.35 84
1940 18.40 18.70 18.65 18.28 84
2000 18,30 18.32 18.38 18.21 85
2020 '18.40 18.27 18.18 17.74 86
2040 18.14 18.06 17.85 87
2120 18.24 18.11 18.08 18.00 17.83 88
2140 17.97 17.90 17.71 89
2200 18.63  17.91 17.84 17.79 17.64 8o
2220 19.00 17.89 17.83 - 17.62 90
2230 7.1 17,7 17.55 91
2300 18.23 17.38  17.39 17.23 a1
2400 17.20 16.59 16.59  16.58 16.57 94




18.45

A~-94

18.18

Time = . ‘TS“' Tl 5 ':T3 4

7721

0040 16.9  16.39  16.37  16.32 - 16.20 94
0100 6.6 . 16.01 16,04  15.88 93
0120  16.1  -15.83 15,67  15.66  15.58 % -
0405 17.7 16,42  16.47  16.38  16.24 %8
0425 16.62 16,61 - 16,52 . 16.40 97
0445 18.4 17.04  17.08  16.97  16.83 9%
0505 18.4 17.19  17.20 = 17.13  17.07 94
0545 18.2 17,55 17,57  17.51 = 17.39 o1
0605 17.67  17.65 17,59  17.41 89
0625 16.75.  16.69 89
0645 18.3  17.59  17.56 = 17.53  17.34 89
0705 18.19 17.52  17.48  17.33 89
0725 17.60 . 17.56  17.43 89
0745 17.87  17.79 17.77  17.63 89
0805 : 17.73  17.75 17.64 89
0825 1701 17072 17.57 %0
0845 19.04 ‘17,93 . 17.93  17.73 91 -
0905 ©17.99 18,03  17.76 89
0945 18.75  17.75  17.67  17.75  17.49 89
1005 18.16  17.63  17.53  17.73  17.44 88
1025 18.46 ‘17.60  17.92  17.58 88
1045 18.4 17.76  17.63 17.97 17.60 " 88
1105 - 17.72 17.44  17.42  17.79 17.39 89
1305 17.66  17.51  17.94  17.66 90
1325 17.7 17.72 17.52  17.85  17.46 90
1345 17.86  17.97 17.80 17.97  17.46 90
.1405 18.23 - 18.06 18.05 18.14 17.69 90
1505 = 18.9 18.53 18.29 18.60  -18.22 .88
1620 18.40 18,79 - 18.34 86
1720 18.72 ~18.51 18.26 18.55  18.03 85
1945. 19.93 '19.93 18.69  18.86 18,63 79
2030  19.84 18.39  18.31 85






















































































































































































































































































































































































































