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METEORGLOGICAL CONDITIONS QVER THE NORTH ATLANTIC OCEAN
DURING GCE/CASE/WATOX

Abstract. During the sumiey of 1988, a team of scientists abeard
the NOAA ship Mt. Mitchell and the NOAA King, Air aircraft
investigated the spatial distributions of sulfur, nitrogen, and
related speciés and their interactions during fransport from North
America. In support of these measirements, meteorclogical data
From the National Meteoro]og1ca] Center and from vawinsonde data
obtained from the ship were aréhived and back-trajectories were
calculated. A summary of the meteoro?og1ca1 cdnditiohs during the
cruise is presented using synoptfic maps, soundings, cvros§s-sections
and isebaric. and jsentropic back-trajectories: Since day-to- day
vardability of the synoptic situation wds u¢ua11y small, one
representative day from each meteorological regime was chosen to
illustrate: the overall meteorology- During the cruise, three
synoptic regimes were encolntered: (1) north of the po]ar front,
(2) the Bermuda/Azores High, and (3) the [nterfrop1ra1'Convorgenre
Zone (ITCZ). Sounding data and derived parameters from three
diffarent. days i1lustrate these regimes. Baundary layer depth .and
cloud Tayers were also estimated from all the soundings.
Cross-sections of température and wind, potential temperature,
yelative humidity, mixing watio, and -air fluxes describing ‘the:
vertical structure of the atnosphere along the cruise show the
general day-to-day unifermity except near the pelar froent and at
the ITCZ bourdary. The: back-trajectories show general air flow,
patterns and. the land mass source regions of air reaching the ship
within three days. For parts of the ¢ruise, air reacired the ship
from North America, Iceland or Greenlafpd, Africa, and Seuth
America.

1. INTRODUCTTON

The spatial distributions of sulfur, nitrogen, and related species and
their interactions during transport from North America were jnvestigated from
the NOAA ship Mt. Mitchell and the NOAA King Air aivrcraft during the Glabal
Change. Exped1t1on/Coord1nated Air-Sea prer1ment/Western Atlantic.:Ocean
Experiment (GCE/CASE/WATOX) in 1988, The Mt. Mitchell’s cruise track is
composed of 4 "Tegs": (1) Norfolk, Virginia to Bermuda, (2) Bermuda to
Iceland, (3} lealand to ‘the Azores, -and (4) the Azores to Barbados. The King
Ay F]ew in the vicinity of the Mt. Mitchell near Novrfolk and Bermuda (Gunter
-and Boatman, 1989). An overview of the experiment. is giveén by Pszenny et al.

(1990).. An extensive meteorological data archive was produced to assist
scientists in. interpreting chemical data that were measured from the ship:
The archive consists of syneptic. mags, vertical profi]es of measuréd and
derived meteerological parameters obtained from upper-air soundings taken from
the ship, vertical cross-sections of metedrological pavameters and air flux,
and isentpropic and isobaric air-parcel back-trajectories.

This. report describes the archived meteorological products and discusses
the meteordlogqy through selected synoptic maps; soundings, back-trajectories,
and leg-by-1eg vertical cross-sections. In additien, the back-trajectoriés
were used to indicate overall air flow :and source regions of atmospheric



canstituents measured on the sh1p Daily boundary layer dqpth and estimated
cloud layer heights are also given.

2. PRODUCT DESCRIPTION AND AVAILABILITY

The. GCE/CASE/WATOX cruise produced a wealth of meteovological information,
owing principally to the ayailability of forecast initialization products
archived from the Medium-Range Forecast (MRF) model of the National Weathar
Service [NWS) and the collection of rawinsonde data from the Mt. Mitehell. In
addition, cross-sections of several measured or derived variables were plotted
versus he1ght for edoh leg of the cruise, and two trajectory models (one
isentropic :and. one isobari¢). were used’to give additional information for use
in understanding synoptic-scale flow over the cruise track. Prodict examples
which i1lustrate the synoptic conditions encountered during the cruise. and the
observed flow patterns are presented in Sections 3 and 4. The following
infarmation gives a dascription of products available and their methods of
calculation or .coltection.

2.1 MRF Archive

Synoptic weather maps were archived during the experiment using data
produced by a global weather forecasting model at the National Meteorological
Center (NMC) nedv Washington, DC. The synoptic. maps were derived from the
twice~daily Aviation (AVN) run of the: MRF medel (Se]a, 1980). The primary
puTpose of the AVN run of the MRF model is to provide meteorological .guidance
¥n support of NMC's national and international -aviatiei respensibilities. The
syngptic maps in the MRF archive were.produced using the WATOX AVN plotting
routine described by Rolph and Stunder (1989).. The MRF archive consists of
six syneptic maps per cruise day beginnifig on July 15, 1988 and. end1ng on
September 7, 1988. Only the 12 GMT perijods: have been retained. Archived maps:
for the North AtTantic region include:

- mean seéa level pressure analysis
- 850, 700, and 500 hPa height. analyses
- 850 -and 700 hPa velative humidity analyses,

A1l maps are incluged in the GCE/CASE/WATOX Méteorological Compendium
available upon yequest frem the authors.

2.2 CLASS Soundings

The Cross-ehain LORAN Atmospheric Sounding System (CLASS% was develaoped
by the National Centér for Atmospheric Research (NCAR) to meet the rawinsonde
needs of the meteordlogical research community (Laur1*sen et al., 1987)

CLASS is a self-contained system which ihcludes a Taunch apparatus, an
electronics. rack for receiving the sonde radio frequency signals, and a
microcomputer for dsta acquisition and processing: During the GCE/CASE/WATOX
eruise, wind and thermodynamic data were collected one to. four times each day
using 200 gram balloons and the CLASS system, The llecation, day, .and time of
each sounding are presented in Fig. 2-1, Soundings cont1nued to be yetorded
during the south end of leg 3 (from(IceJand to the Azores), althoiigh no wind
data were recorded over this portien of leg 3 or Ffor any pért of leg 4 due to
the @bsence of LORAN signals. With @ few notable exceptions, high quality
wind data were recorded for Teds 1 and 2 and for most of Teg 3.
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Cruise track as identified by CLASS sounding
date/time (DDHH) Secundings began 17 July and ended
6 September 1988. S8olid triangle and dot show the
location of the Mt. Mitchell when It was nearly
statwonary off Norfolk and Bermuda, respectively;
see insét for list of seoundings recorded during
these periods.



Data processing by the microcomputer on the sh1p produced two files: ong
formatted to meet the WWS data repurting requirements; and a second which
contained all deta recorded a4t 10-second intervals. NWS-formatted data were
beamed via satellite to a mainframe computer on Wallops Island, Virginia,
using :a commeera1Iy avaw1nb1e.Handar Inc. Model 540 unit (J, Sch1es1
personal communication; 1988) .and subsequently were incorporated into the MRF
model farecast runs perforined at. NMC.. Tt is our beljef that the additional
upper-air - data enhanced thé initializatien data used to run the MRF model and
aventyally resulted 1n'1mproved trajectory calculatiens. Vertical profiles of
the following parametefs, using the 10-second data, are available: temperature
and dew point; relative humidity; specific hiumidity; U and V. wind components;
potentidl temperature and equivalent. potent1a1 temperature; virtual
temperatura; mixing ratio and saturation mixing ratio; and vapor pressure and
saturation vapor pressure. Plots for all available soundings. are fncluded ‘in
the ‘GCE/CASE/WATOX Meteorolegical Compendium. ‘Examples of thermodynamic data
collected using this system are shown in Section 3.2.

2.3 Crioss-Sections

The meteorological cross-sections shown in Section. 4 serve two puUrposes.
They. show meteerolngical dati in time along the ship’s .course and in the
vartical at a given time based on individual seundings. Meteornlagical
parameters displayed in the cress-sections include:

wind vectors and temperature:
relative humidity

potential temperature

mixing ratin.

!

The cross-sections were produced using the CLASS scunding data for altitudes
from the surface to 10000 m. Sounding data were extracted at I0D s {htervals
before producing the cross-sections, Meteoro1ogica1 citoss-sections: usually
are either a section in time or space; however, since the ship took soundings
while moving, the sections produced for most of the cruise are actually time
and space sectionms, THe exceptlens are the intensive periods near Norfolk and
Beriuda when ‘the ship was. nearly stationary; for these perwods trua fjme
sections were produced. Cross-sections: for the following cruise segments were
produaed and are. included in Section 4: (1) Nerfdlk, {2) Norfolk te Bermuda,
(3) Bermuda, (4) Bermuda to Tceland, (5) Iceland to the Azores, (6) The Azo?es
to the southernmost position during the eruise, and (7) the southernmost
position during the eruise to. Barbados.

2.4  Air Mass Fluxes

Air mass Tluxes must be known in order to compute fluxes of chemicals or
other atmospheric constituents which were measured aboard the Mt. Mitchell.
Air mass flux is defined as the mass of air passing through a unit
cross-section of the atmosphere in a unit time pericd, or the product of air
density and wind speed .at. a given altitude:

F=p*U (1)



where F 1§ flux, p is air density, and U is wind speed. Substituting ‘the
ideal gas law for dry air and the dry air gas constant inta Eg. (1) vreésults
in:

F=(p*Uu*x0348) / T (2).

where F is in kg/m’/sy p i$ air pressure (hPa), U is inm/s, and T is
temperature. (K).

Air flux may be referenced to an arbitrary vertical plang in the:
atmosphere; but for consistency with fluk calculations from the WATOX
experiment in 1986 (Artz and Stunder, 1987), the standird. meteorological
reference system (U positive far west wind; V positive for south wind) was
rotated clockwise 45° so that the U’ flux component is approximately the flux
component. off the North American: contiment. The rotated comporients, U’ and
v, are:

U = - WS * sin[(n/180) * (KD-45)] (3)
V/o= - WS * cos[(x/180) * (WD-45)] (4)

where WS and WD .are wind 'speed and direction (deg). This cdordinate system
was used for flux calculations: for the entire GGL/CASE/WATOX period for
uniformity because flow off Europe, Afiica or South America was not expected
to be as prevalent as that off Nerth America dur1ng the cruise. Figyre 2-2 is
a depiction of the rotdted coordinate system: U’ is positive For northwest
winds. and ¥’ positive for southwest winds.

Rir flux vertical profiles for heights up to 500 hPa were computed .us sing
nearly all the CLASS soundings during the peried 12 .GMT July 18 through 12 GMT
August 21. Calcdlation of chemical fluxes above 500 hPa would not be .af
general ‘interest as it is well above the boundary layer. Diata from six
saundings within this period were not uséd because. problems during the
sounding caused only a limited amcunt .of data to be obtaiped. Aftér August
21, ‘ho winds were obtained from the soundings because no signals were yreceived
by the LORAN tracking system, hence na Fluxes were. computed for this period.

A small fraction of the 10 s C€LASS sounding data records were deleted during
the quality :assurance priocess if pressure, wind or virtual temperature were
clear outliers.

Mean fluxes were computed using two averag1n9|methods In both cases
virtual temperature (T ) was used rather than temperature: because the ajr is
relatively maist near ¥he ocean surface and in cleouds. Since virtual
temperature is. the temperature of dry air with the same density and pressure
as the mojst air, the dry air gas constant may be used in Eq. {2). 10 s -
and V' -component flux values were computed from Eq: (2) using the appropriate
wind component. and virtual temgerature. Meah fluxes for layers 25 hPa thick
were computed from the 10 s flux values In the: other method, mean flux was
‘computed from mean p, U/, V' and T,. No differences between the two flux
-gomputation methods were. apparent.

The mean: Fluxes 'are shown in cross-sections in Section 4 using the same
tite periods as the other meteorological cross-sections. No fluxes were
computed ‘after August 21, 1988 because wind data were not available (see
‘Sec¢tion 2.2).



Figure 2~2. Air flux coordinate systenm referenced to an
idealized North American coast:



2.5. 1sentropic Trajectory Analysis

We use trajectories of hypothetical air pareels backward in time from the
samp1ing Tocations to determine the pattern of transport at Targe scales. The
calculations. use, as their basis, the NMC global analysis, which is 3 gridded
set of fields, including horizontal wind compenents and geopotential height
estimates, at 2.5 degree latitude -and longitude spacing, .available
twice- dai1y The fields are on isobaric surfaces, gererally eight of which
Tie within the traposphere. Trajectory accuracy depends on the adequacy of
the basic meteorolegical data. Meteordlogical observations used te. initjalizs
the NMC model are sparse over the poles and aceans compared to well-populated
lahd areas; however; ajrcraft reports and isatellite data supplement. where
regular radiosonde observations are not possible. Merrill et al. (1985)
discuss uncertainties resulting from sparse data.

The 1sentrop1c trajectory téchnique (Mervill et al., 1986) is a kinematic
analysis, requiring estimates. of thie winds on 1sentrepic sirfaces. These ave
1nterpn]aTed from the isebaric levéls to isentropic surfaces :at. intervals of 5
K (of potential temperature) using the teLhnique discussed by Bleck (1984).

For a good first approximation, the:air flow in the treposphere is dry
adidbatic, away from organ1zed convection and above the beundary layer
(Daniélsen, 1961). A minimum lapse rate constraint in the lowest Tayers is
used t6 insure hydrostatic stab Tity and to extrapolate to poiential
temperature surfaces that are underground“, preventing the trajectory from
undergoing prematire truncation -in a we)l-mixed beundary Tayer. Because air
parcels move horizontally and vertically along the undulating fsenfropic
surfaces, isentropic trajectery -analysis accounts for the 3-dimensional motion
without requiring explicit estimates of the vertical veTocaty of the air..
These techniques have: been used to stddy transport of various substances to
remote marine vegions. (Merrill et al., 1985, 1989). The isentropic
trajecteries are available directly from J. Mérr11T4‘Uhiv1 of R.T.

2.6 [Isobavic Trajectory Analysis

The computer model used to produce the. isobaric trajectories shown in
Sectjon 3.3 and Section 4 was developed by ‘Harris (1982). The primary input
for the Lra1ecbory program consists of gridded wind components at mandatory
pressure Tevels produced twice-daily (00 and 12 GMT) by NMC’S global
atmospheric model.

Each 10-day trajectory consists of 80 individually-computed 3-hour
trajectory segments placed end to end. To compute each segment, the
trajectory pregram interpolates the gridded wind fields in time between each
12-hour observation period to the midpeint of the 3-hour period in question.
The winds. at the previeus trajectory segitent éndpoint are calculated from the
winds at. the four grid points surrounding the endpoint to déterming the
first~quess endpoint of ‘the hext segment. A medified Eulér method (Stark,

1970) is then used to iterafe to the final endpoint solution.

Thi's trajectory methiod is best used to give an: indication of the general
air flow rather than the exact pathway of an air parcel. This model does not
take into acoount most of the vertical motions of the atmosphere:

Three-day isobaric bBack-trajectories on the four levels (1000, 850, 708,
and 500 hPa) for the sntire cruise are presented in Section 3.3. Ten-day



isobaric back-trajectories on the four levels for the same 7 cruise segments
as. were used for the cross-sections are shown in Section 4.

3. METEOROLOGICAL OVERVIEW

Meteoreclogical conditions during the cruise will be discussed through use
of representative synopbic maps, soundings, and trajectories: These products
déscribe the three meteorological syneptic regimes encountered by the
Mit. Mitciell, the vértical stiructure of the atmosphere, the genera] flow
patterns, and sourée reglons .of atmespheric constituents arviving at the ship.
The 'synoptic regimes are (1) north of the polar front, (2) under the )
Bermuda/Azores high, and (3) within the Intertropical Convergence Zone (ITCZ).
Portions. of legs 2 and 3 extended north of the poldr front. Portions of &)l
four legs of the cruise occurred under the Bermuda/Azores high pressure
system. Portions of leg 4 occurred within the ITCZ. The soundings: alse were
used to identify eloud Tayérs and boundary layers.

3.1 Synoptie Meteorclogy

Because the overall meteoralogical cohditions over the Atlantic Ocean
during the experiment were nearly constant on a day-to-day basis (see the
daily 850 hPa synoptic maps fn Appendix A), the synoptic &ituation on one
typical day, July 27, is described here. The part1cu1ar day chosen is not
necessarily representative of the synoptic situation in the vicinity .of the
ship as it approached and. depavted lceland, because more temporal variability
was observed in the vicinity of the Ice1and1c low:

Figs. 3-1 through 3-6 show the mean sea-level préssure :analysis; 850, 700
and 500" hPa height analyses; and 850 and 700 hPa re?ative humidity ana]yses
over the Atlantic Qcean -and adjacent Jand massés .at. 12 GMT July 27, 1988.

[Note that this pelar stereographic projection shows much of the Unmted States
and Canada. Iceland is near the top-=center of the map. Northwest Africa,
Spain, and part of the United Kingdom are move easily seen if the fiqure is
rotated 90 degrees clockwise. ] At the surface on July 27 (Fig 3-1), the
central pressure of the Bermuda/Azores high préssure system was 1029 hPa and
was llocated in the central Atlantic approximately midway between Bermuda and
the Azoves. High pressure covered much of the Atlantic, with regions of hlgh
pressure extending north toward Newfoundland and Europe. The Icelandic¢ low
pressure system with a central pressure of 993 hPa was centered off the
southeast coast of Iceland. Another Tow pressure systeém was centered to the
west of Hudson Bay. ATthough not clearly defined by the sea-Tevel prassure
pattern over eastern Narth America and. much of the Atlantic Ocean, a section
of the poTar front extended from the Tow préssure trough along the sguthern
coast of Hudsan Bay, across eastern Navth America and the At)antic Ocean, to
the small region of Jow pressure west of the United K1ngdom and to the
Ice}and1c low. The 1TCZ 1s not apparent from the mean sea-level pressure
analysis

The ‘850, 700, and 500 hP& upper-air maps (Figs, 3-2, 3-3, and 3-4) all
show features consistent with the mean sea-level pressure map: the large high
pressure region over the central Atlantic and two law pressure regions tg the
north, one néar Iceland and another northwest of Hudson Bay. The pressure
gradients indicate light and variable winds in the vicinity of the high and
strong winds narth of the front,
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Figurs 3-1. :Surface synoptic analysis (pressure; hPa) for 12 GMT
27 July 1988.. ‘ i

Figure 3-2.. The B50-hPa synoptic analysis (gezopotential height;
m) for 12 GMT 27 July 1988. ’
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Figure 3-3. The 700-hPa synoptic analysis (geopotential height,
m) for 12 GMT 27 July 1988.

Figure 3-4. The 500-hPa synoptic analysis (geopotential height,
m) for 12 GMT 27 July 1988. '
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Thie 850 fPa and 700 hPa relative humidity (RH) maps (Figs. 3-5 and 3-6).
chow generally much higher RH at 850. hPa than at. 700 hPa. Mueh of the regian
under the Bermuda/Azores High is af least 75%. RH at 850 hPa, but only 25% RH
at. 700 hPa. Generally, air within the boundary layer (850 hPa) is expected to
be' more humwd because of jts contact with the ocean surface through vertical
mixing, while air above the bhoandary layer under the byoad ‘area of subsidence
agssociated with the high would be relatively dry. MWear I[celand, RH greater
than 75% i3 present at both altitudes because of the. ¢louds assoc1afed with
the Tow. Another region of at least 75% RM at 700 hPa is in the southern
portion of the AtTantic shown in Fig, 3-6. This region is the ITCZ.

3,2 \Upper-Air Seundings

Table: 3-]1 gives marine boundary layer depihs and cloud layers as
determined from the saundings, and a back-trajectory categery (see Section
3.3). Typically, a relative humidity value of 70% at 700 hPa indicates the
threshold level for clouds. Cloud Tayers néar the surface are difficult te
specify accuratelyy the layer is very moist, but the existence of tlguds based
or seunding interpretation is Uncertain. Most questionable areas southk of the
polar front ane probably partly cloudy and hazy. WNovth of the front, fog is
prpvaﬂent as well, (See Appendix B.) The existence of superadiabatic layers
is noted in the table because such layers are upstable and frequently indicate
frontal activity or some ather unique feature.

Ugper-air soundings typical of the three meteorological regimes
encountered during the cruise and their representativeness are discussed. The
following eight pTots aré shawn for each of the three regimes:

- témperatire and dew point

- relative humidity

- U-component of wind

- v-component of wind

- petential temperature and equivaient potential temperature
- virtual temperature

- mixing ratio and saturation mixing ratio

- vapor pressuve and saturation vapor pressure.

On August 10, 1988 the Mt. Mitchell was betwsen Iceland and Greénland and
was north of the polar front. Sounding data are shown in Figs. 3-7 thiough
3-14. The 1Z GMT temperature/dew point vertical profiles (Fig. 3-7) show a
surface temperature near 4°C. The nearly saturated layer up to 250 m suggests
foeg ar low-level clouds; relative. humidity (Fig. 3-8) was. greater than 80%.
The maximum absolute humidity of 7.5 g/m” at about 300 m (mot shown)
corresponds to the law-Tevel relative humidity maximim of 95%. Another cloud
Wayer occuried frrom abeut 2600 to 6500 m. The driest air, as indicated by tle
idew. po1nt depression and’ the relative humidity, eccurs above the tropopause at
9500. m, near the top of ‘the sounding, altheugh absolute humidity was Jess
than 1 g/m above 5000 m. The easterly wind component (Fig. 3-9) was aboyt &
m/s up to 5000 m and increased up to 34 m/s at 9000 m. The v-component
(Fig. 3- 103} was weaker, but. steadily becamé more southerly from -6 to 10 m/s
durtng the sonde aseent. These ‘indicate. northeast winds near the surface
and east to east-southeast winds aloff. The potential temperature (Fig. 3-11)
shows a stable atmosphere except for a -shallow (100 m) unstable Tayer 3t
the surface. Strong stable layers occurred just above the umstable layer
and at the tropopsuse. The virtual temperature (Fig. 3-12). is nearly
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Table. 3-1,
trajectory category (l=hsavily populated North America,
4=oceanic polar, 5= European

North America,

7=Iceland or Greeniand NA=not a\zaﬂabﬂe1 see Section 3.3).
DOHH where DD. is date;, HH is time (h) .

3=oceanic tropical,

Marine bBoundary layer (MBL) depth, cloud layers, and back-

2=lightly populated
6=African,
Date is given as

Ocean surface=sfc.

DATE

ABL (m)*

JULY,

1600
1612
1700
1706
1712

1718.
1800.

1812
1900

1917

1918
2000
2006
2012
2100
2106
2112
2200

2212
2300
2312
2400
2412
2500
2512
2600
2606

2612
2618
2700
2706
2712
2800
2806
2812
2900

LEG 1.

ne -data
no data
2600

300, 2300
2200

200, 3000
500, 3200

500, 3400.

400, 3700
1200
1500

indeterminate

500

indeterminate

no. data

500
indeterminate

1300

600, 2500
700, 3700
1800

1800

ho data

500, 3500

500, 2400
1700;3300

700, 2400

3100
‘600, 3200

600. 2500
600, 2500
400, 3000
2400
500, 2800
500

'CLOUDS (m) CATEGORY. COMMENTS

no data la

no data, la ‘

500-2500 , 7 la no data below 500 m

1000-1300,1900-2300 NA _

R00-2200 la no data below :500 m

2000-3000 NA

moist MBL, no clouds la

1400-17060 la no data abeve 6700 m

1200-3600 1a

naneé la

‘hong NA

none 3. coastal influence

none NA

none 3 eopastal influence

no data 3 ,

600 -2000 NA ra data above 3000 m

500-1390,2800-6500. 3

500-8000 3 superadiabatic
2300-2600 m

naone 3

7G60-1000,1400-1900 3  no data above 8200 w

NORE 3 N

none 3  no data abave 9000 m

no data 3

‘none 3 no data above 6700 m

6300-6500,7700-8300 3

7400-9800 '3 )

1700-3300,6200-7300  NA superadiabatic
2300-26000m

nene 3 no data above 7000 m

500-3100: NA

600-1600 3

500-2500 NA

none 3

400-3000 3 )

1000-2400 NA no data above 7200 m

500-1500 3

none: 3

* When two Tayevs are given, the Jower depth indicates a sub- Tayer within the
boundary layer which may represent some decoupTing of the boundary Tayer when
a. layer of clouds is present near the boundary layer top.

~
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DATE

MBL (i) *

AUGUST, LEG 2

0100
0112
0200
0212
0300
0312
0400
0412

0500:

0512
0600
0612

0700
0712
0800
0812
0900

0g1e
1000

1012
11600

600, 3500

500, 3400

500

800
indsterminate
no data

300

300
500
indeterminate
indeterminate

no data

no data
ndeterminate
2500
indetermingte

2600
indetsyminate
indeterminate
no data

AUGUST, LEG 3

1512
1600
1612

1700

1712
1800

1817
1900
1912
2000

2012
2100
2112

no.-data
indeterminate
800

no data

500 |
indeterminate
2000

na data

1500
1000

indeterminate
indeterminate
indeterminate

¥ When two Tayers are given, the lower depth indieates a sub-Tayer within the
boundary layer which may represent some decoupling of the boundary layer: when

Tahle 3-1..

Cant.

CLOUDS (m) CATEGORY COMMENTS

1500-3500 le

indeterminate le

500-2600° 3 no data above 8000:m

-= 3 po data below 3200 n

.3800-4300 3 no data above 3000 m

moist sfc-3700 3

no data 2a near pplay front

none 2a north of front,

) no data abeve 7200 nt

900-72000 2a no datz above 2500 m

5500-7500 b

sfc to 2300 2a _

sfc to 4400 2b  superadiabatic

4300-4700,5000-5100 m
no data 4 near Greenland

na data 2t

sfec to at least 3700 4

sfc to 2500 4 )

400-8000 4 no data below 400 m,
0900 & 0912 may
reach Tceland oy

nane 4 Europe

1000-7300 Ta superadiabdtic at sfe

2600-6500 7a superadidbatic. at sfc

no data 7a

no data la

300-2500 7a

800-2400,3000-3500, 4

5200-6400

no. data 4

'5Q0- 5200 4 o

sfc to: 5500 4  no data above G000 m

sfc to 2000 4

no data. 4 _

sfc to 1500 4 approaching front

vone 4 near front,

_ no data above 5000 'w
sfe to 3700 3 superadiabatic at sfc
sfc to 2800,3300-5000 3 no data ‘above 8500 m
sfc to 1800 3

a layer of clouds is present near the boundary layer top.
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DATE MBL (m)* :CLOUDS (m) CATEGORY. COMMENTS
2200 400,1700 sfe to 1700,5000-5500 3 no data above 7500 m
2212° 1300 ‘600-1300 3 superadiabatic

| | o 1300-1700 m
23000 1100 ste to 1180 3 na data above 9200 m
2312 1200 none 3

AUGUST, LEG 4

2612 1100 sfe to 1100 3 B
2600 1100 sfc to 1100 3 no data above 7700 m
2612 na data. no data 3

27000 600 moist to 6000 3

2712 no data no data 3

2800 1600 nane. 3 )
2812 800 none: 3 no data above 7800 m
2900 1000 'none. 3 _ ,

29[2 800 none. 3 approaching ITCZ
3000 no data ny data 3 '

3012 900 900-1200 3 cat 6b above 1700 m
3100. 400 sfc to 6300 6¢

3112 1200 sfc to 1200,3900-4500 6¢

SEPTEMBER, LEG -4

0100 400, 1500 sfc to 1500,3000-3600 3 African influence
o o 4800- 5300 ~ possible

0112 25008 sfc to 2500,6500-7500 3 African influence
Q200" 2200 sfc 1o 6000 3 deep convection
0212 500 stc to 5000 3 .deep convection
0300 500 sfe to 5500 3 interhemispheric
0312 no data no data 3  flow, 0300-0400
0400 no data na data 3 dinterhemisphevic
0412 no data no data 3 novth hemis. flow
0500 1100 maoist to 6000 3 mixed hemispheric
0512 500 moist to 5700 3 flow, 0500-0612,
0600 no data no data _ 3 some possibly from
0612 500 moist. to 10000 3 South America

* When two Tayers are given, the Tower depth indicates a sub-layer within the
boundary Tayer which may represent some decoupling of the boundary layer when
a layer of clouds is preseni near the boundary Tayer top.
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the same as. the temperature (Fig. 3-7). The mixing ratio. (w)/saturation
mixing ratio (w.) {Fig. 3-13) and vapor pressure (e)/saturation vapor pressure
(e.) (Fig. 3- l4§ plots are similar.. They show a dry layer between 250 m and
2500 m and a near]y saturated Tayer above 5000 m

One feature unique to this sounding; compared to most of the ather
soundings north, of the front, is the shallow (100 m) superadiabatic layer at
the surface capped by a4 strong inversion up to 600 m. Superadiabatic and
inversion layers were dlso observed for the previous twe soundings (12 GMT
Rugust 9 and 00 GMT August 10) although the layers were shallowest on August
9. Surface tempéeratures (air and water (see Appendix B)) were coldest for
these three seundings which were taken at the northernmast portion of the
cruise ovar the East Greenfand curvent, a €old oceanic currént flowing to the
southwest between Greenland and lceland. The cold ocean surface cooled the.
atir, causing the inversion. In most of the eother soundings north of the polar
front (00 GMT August 6 to 00 GMT August. 9, 00 GMT August 16 to 12 GMT August
18), surface temperatures were about 10 to 15%C ‘and the ajr was nearly
saturated to at Teast a few thousand meters above the surface. The SOundings
alse show dry aiv {less than 20% RH) only above 8000 to 9000 m. The air: was
drier immediately north of the front on both legs 2 and 3 (12 GMT August 4 and
12 GMT August 19), away from the cloud-cover associated with the: Tow.

On August 1, 1988 the Mt. Mitchell Teft Bermuda for Iceland and was under
the B#rmuda/Azoves high pressure system. :Sounding data are shown in Figs.

3-15 through 3-22. The 00 GMT temperature/dew point vertical profiles (Fig.
3-15) show a syrface temperature (27°G) much warmer than that near Iceland. A
cloud Tayer 4s apparent between 1500 and 3500 m beécause .of the low -dew point
depressions and high RH (Fig. 3-16). Above 3500 m, in the free troposphere,
the air is. quite dry with dew point depressiens of ahout. 20°C and RH about
15%. The sharp inversion and meisture dfscentinuity at 3500 m suggest that
this js the. top of the boundary layer. Another moist layer observed near 600
m was seéparated from the higher moist layer by a relatively dey layer. (In
gther cases where this dry layer was also observed, the temperatuve frequently
becamé nearly isethermal through much of the layer.) The Tayer below 600 m
has high relative humidity of move than 70%. At 16 g/m, the absolute
humidity (not shown) withio the layer below 600'm is much greater than that
near Iceland. Winds ware lighter than those near lceland, but fair)y steady
with hgight during this sounding: the w-component is abdut a. m/s (Fig. 3-=17)
and. tiie v-component is abeut =3 m/s (Fig. 3-18). These result 4n generally
west to northwest winds. The potential temperature profile (Fig. 3-19) shows
@ stable atmesphere for the entire sounding from the surface to 8000 m. A
strong stable layer is present at 3500.m, the top. of the boundary layer. HNote
the equivalent, potential températuré profile has a more pranounced
discontinuity at: 3500 m. The virtual temperature, mixing ratio and saturation
mixing ratio, and vapdr pressure and saturation vapoy pressure (Figs. 3-20,
3-21 and 3- 22) also show this diiscontinuity. In the layer below 600 m, mixing
ratio (14 g/kg) and vapor pressure (22 hPa) are about three times greater than
the near-surface: values 'in the sounding near lceland 12 GMT August 10 because
of the higher ambient temperature..

Most of the other soundings under the: Bermuda/Azoves High show the deuble
mofst layer phenemenon. Table 3-1 Tists the boundary layer deépths and cloud
Tayers For each seunding. Sometimes the mojst layer below the boundary layer
may not be as humid and the boundary Jayer may not be as well defined as that
shown ¥n Fig. 3-15. Styl) (1§88) states that decoupled multiple mixed 1ayers

20



15000 5—
880801 007 -5

- 200,

10000

)

=300 #

al

a0

HEIGHT (m)

500

‘5000
= 6390

Fressure: (hP

<700

- 80O,
900

PSRRI SN S S NN N N AN T TN ZNN T TN T O N SN S T GO WY N0 N HP |

—1000

O P L P W I B T B ) B S N N R A DL B

~to0 =50 , o .20
Temperature/Dewpoint (C)

Figure 3-15. Temperature apd déw point vertical profiles from
the 00 GMT 1 August 1988 sounding.

15000 - - .
] 880801 00Z -
] 200
10000+

] SAm A~
- 1 —300 o
oy m L
= i L
I_E - ¥ 449G .
% . R 0
h‘_l _ Pl ‘-?
o 1= -

3 Ay %

i ey o
3000 - b fud

- ) . PR ~580 =~

.':‘ :‘;‘I’Mu : ) XD re o~ “ LI ) ﬂ_

: .= |=700

4 '::;u-

4 > =E0D

] -.4«._"-"_:;’,."ﬂl .. —4cn

] ) e 1000,

O—r—T—— S I I A A L Y L IS

0. 2C 40 €0 &G C1pe

RELATIVE HUMIDITY (%)

Figure 3-16. Relative humidity vertical profile from the 00 GMT
1 2ugust 1988 sounding.

21



15000ﬂ - _
i 380801 007 1150

] 7 20
i
10600 -|
i~ i =300 ’S
G S
' s e
> 1 —on
.(_'), u
e 1 5
N - D
o 50t %of'
5000 I
j *5_@‘5_
] 7
. -&00
: =500
- 1080

(9] LS S LR B S LS T M T By B S W S N BN
-50 =30 ~18 10 30 50
U COMPONENT WIND (fn/s)

Figute 3-17. U wind component vertical profile from the G0 GMT
1 August 1988 sounding.

15000+ T —
i 880801 00Z -1
I A o R ~200
4
1:.0000
' 100 £
~ 7 300 75
S T
= 1 ‘ ::,\
T 3 - 400
Q " L‘)‘
o 1 Y
- - LB00. Tr‘i
i _ 0
5000} g
| |- 800 Cf__
= ""g' ‘_
. 04 700"
:ll =00
: —~ 5,
: - 1020
0 [ L F T F -1 T T=T1 T T =T ! N

T T =
—50. ~3© =10 10, 30 50

V' COMPONENT WIND (m/'s).

Figure 3-18. V wind component vertical profile from the 00 GMT
1 August 1988 sounding.

22



15000 — 5 -
] BEOBOL QOZ -
] 4445+ POTENTIAL TEMPERATURE (9)
4oooooﬁaunAu3ﬁ POTENTIAL TEMPERATURE 3.,
10000 —
- 7 306, ~
—~ u ‘O
£ ] a
= =
1: j — 4001
x J =
) - =300 A
5000 - 8
i ‘%Mzi
i 708
1 —ANa
| B *\IG&"
O 7—|—|—|1||||W||1|-|171'v|nlﬂ_-l_l—l
200 350 200

POTENWAL TEMPERATUPt (K)

Figure 3—-19. Potential temperature and eguivalent potential
' tenperature vertical profiles from the 00 GMT
1 August 1988 sounding.

15000 — -
i 880801 Q07 i
10000

— : 300
E ] o
..‘ = E;
I T —4an u
2 ] o
T i =
o g0 )
5000 \ 4
7 -600 -
. o-

i 700

] L £an

] LIOL\O

T{ T ETTTT1T l T IrnTrrrrirT ' 1T I TTTT | I I Ty T ]
zé 250 300 250 o

VIRTUAL TEMPERATURE (K)

Figure 3-20. +Virtual temperatureée verticdl profile from the 00
GMT 1 2August 1988 soundind.

23



860801 007

oy |

-15aG
ik o+t s Ml]XlNG F-{A’TH‘_) (\N') : I
_ja@,na@@ SATURATION MIXING RATIO (Ws)
10000 -
366

~ACO,

HEGHT (ro)

-3Q0

—Ban

Pressure (P G)

—50

TR G S R PR R |

290,

L 100

[
._-C\-I411||

= T T IR i T

‘ e 20
MIXING RATIO (g/kg)

Pigure 3=721. Mixing ratio and saturation mixing ratie vertical
profiles from the 00 GMT 1 August 1988 sounding.

1 5000 JA = - - -
] 880801 007
1evsvovaAPCR PRESSURE (2)
{oo000e SATURATION 'VAPOR. PRESSURE (e,)
]
1RO
= 1 300 75
R - LL"
= “la =
% gL 400
el 4 >
. -300
5000 2
]‘3? gan &
] i,
J -3¢
100

¥

Figure 3-22. Vapor pressure and saturatlon vapor pressure
vertical profiles from the 00 EMT 1 August 1988
sounding.

24



may result from differences 1n solar heating, wind shear, .or enlrainment aboye
ard below clouds. Differéences in solar heating do not appiy here becalse the
mu1u1p1e 1ayer phenomenon was presant duv1no the day and n1ght At the
1mportant ro]e becuuse some of the sound1nqs show on1y one mixed layer when no
clouds weye. observed (i.e., 12 GMT and 18 GMT July 19). During lég 2, deep
cloud layers with tops at 6500 fo and 8000 m were observed 12 GMT Ju]y‘Zl and
00 GMT July 22, respecciVeTy, but generally clouds did not extend above 3000
to 4800 m: Immed1ate1y south of the polar fromt on both. sides of ‘the Atlantic
(12 GMT August 3, 12 GMT August. 20 - 12 6MT August 21) more clouds weve
observed than for most of the other soundings classified as umder the high.

The clouds: extended. here from near the surface te aheut 2000 to 3000 m.

On August 31, 1988 the Mt. Mitchell was about 2300 kn south of the Bzeres
and within the IICZ (approx1mate1y 19°N] . Sounding data are shawn: in Figs.
3-23 through 3-28. The 00 GMT Lemperature/dew point vertical profiles (Fig.
3-23) :show a surface temperature of 27°C, similar to. that observed 00 GMT
August 1 near Bepmuda, The prominent feature of the August 31 sounding is the
relatively moist air from the surface up to 6300 my relative humidity (Fig.
3-24) was generally at_least 60% throughout the layer and absolute humidity
(not shown) was 20° g/nF at the surface, gradually decreasing to less thanm 1
g/m at 6500 m. Tire temperature ‘and dew point discontinuities at 400 m mark
the top of the boundary layer. The poteniial temperature profife (Fig. 3-25)
shows a stable atmosphere. Potemtial temperature and eguivalent. potential
temperature (Fig. 3-25), and virtual temperature (Fig. 3-26) show a
discontinuity at 6300 m, the: top of the moist layer. The m1x1ng ratio (Fig.
3-27) and vapor pressire (Fig. 3-28), about 17 ¢/kg -and 27 g/m* in the.
boundary Tayer, cespectively, are greater than that obsevved 00 GMT August 1
undar the Bermuda/ﬂznres High because of the highér absolute mumidity observed
here within the ITCZ.

Low dew point depressions and high relative and absolute humidities ave
typical of soundings within the ITCZ. The soundings- after 12 GMT September I
have .dew point depressions of less than: appVBX1maLe]y 3 degrees anmd RH
generally 70 to. 80% up to about 5000 m; the boundary )ayers are generally
shallow, about 500 m. As in the 00 GMT August 31 sounding, the soundings
within the ITCZ before 00. GMT September 2 Show.d moist Tayer in approximately
the: Towest 1800' m, then a somewhat drier layer aboye..

3:3 Trajectoeries,

The source regions of air reaching the ship during the cruise were
assigned 4 category based on ‘the isentropic hacﬁ_trajactor1es Isentropic
rather than isobaric trajectories were used for the categorization because
they are better at accounting foy vertical motions in the. atmosphere; however,
the 850 hPa isobaric trajectories shown later in this section also tend to
give the same categories. Typically three or four isentropic trajectories
were computed for each 12:h period (00 and 12 GMT) on the available potential
temperature: surfaces. Categories. refer to back-trajectories calculated from
the lowest Tevel available for the layer of the atmosphere best representing
the sampling henght of the ship. The categories are:

1 -- Heavily populated North America
2 -- Lightly papulated North, Ameyica
3 -- Ogeapic tropical
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4 -- Qcséanic polar

5 == European
6 -- African
7 -- Iceland or Greenland

Subcatégeries ape assigned for categories in which: the trajectories reached
Tand. in (a) 1 day ey less, (b) 1 to 2 days, and (c) 2 to 3 days. Trajectories
that. reached tTand in more than 3 days are categorized as oceanic (3 or 4) due
ta cempounding, unecertainties in trajectory computatiens.

Figure 3-29 shows the trajectory category of air reaching the ship
twice-a-day during the cruise based on isentropic back-trajectories and Fig.
2-1 shows ‘the. correspund1ng back-trajectory start date/time: (DDHH) Table 3-1
(Section 3.2) also l¥sts the sgunce categories. Land source regtons are:
heavily populated Worth America fior part of the time the ship was near Norfalk
and Bermuda, lightly populated North America for part of leg 2 north of the
po1ar front, lceland or Greefnland when the ship was near Iceland, and. Africa
for 1 day dur1ng leg 4. No trajectories were categorized as European,
aTthough both August ‘9 trajectories categorized as oceanic polar (southwest of
Iceland) could have been categorized as Icelandic or European (see comment in
Table 3- 1)_ Other comments in Table 3-1 also pertain to the classification
scheme such as: another 7 days of African influence may have been gbserved;
inter-hemispheric flow was apparéent, fo the period from September 3 through 6,
except for 12 GMT on September 4; and September 5-6 exhibited flow From South
America.

Figures. 3-30, 3-31, 3-32, 'and .3-33 show 3-day isabaric back trajectories
at 1000, 850; 700 and SDD hPa, rpspective1y These arrive: 12 GMT daily at ithe
ship’s 1ocat1on duriny the entire cruise from July 17 through Septedber 6. In
the. figures .2 dot indicates the starting position of a baok-trajectory and 4
date indicates fhe end. The three meteoralogical synoptic regimes identified
earlier are apparent from the trajectories on all four pressure levels. North
of the polar fronmt (approximately 45°N), the air flow is genarally either from
Canada or circulates with the Icelandic Jow and has higher wind speeds. as
indicated by longer 3-day trajectories compared fo the trajectories south of
the front. The anticyclonic fluw associated with the Bermuda/Azores High is
apparent from the curvature of the trajectories .on both sides of the Atlantic.
Within the ITCZ, the trajectories tend to appreach the ship from the east or
sguth. TraJecter1es fram the south suggest flow from the Southern Hemisphere.
At 850 hPa (representative of flow near the tap of the boundary Tayer), the 30
August trajectory reaches Africa and those from 'September 5 and & reach Santh
America:

3.4 Mt. Mitchell Deck Log Data
The NOAA ship ML. Mitchell deck log data are included in Appendix B.
Th1s data log includes :an hourly summary of ship pesition, abserved weather,
ambient and dew peint temperature, surface wind speed and diregtion,
barametrie pressure; and sea surface characteristics.
4. DISCUSSION OF METEQROLOGY BY CRUISE LEG

Amore detailed discussion of the fietedralogy is given here by showing
10-day jsobaric back-trajectories. vertical cross-sections of variols
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Figure 3-31. As Fig. 3-30, but for 850 hpba.
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Figure 3-33. As Fig. 3-30, but for 500 hPa.
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meteorological parameters, and meteorolagical data measured from the King Air.
Isobaric trajéctories on four pressure levels (1000, 850, 700, and 500 hPa)
and up to six cross-sections of meteoroloegical parameters n&asured from the
soundings and derived products are: presented for seven segments of the cruise.
Cross-sections display temperature and wind vectors, relative humidity,
potentwa] temperatars, mixing vatio; and the votated u- and v-component (u’
and v’) air Fluxes, Discussion of transport winds emphasizes the 850. hPa
level hecause. that level most closaly represents. the boundary layer. As
discussed in .Section 2,3, the cross-sections gra hically depict the vertical
structure of the afmosphere in the vicinity of tﬁe ship. During the periods
the: ship was reTatwve]y stationary off Norfolk, VA, and Bermuda, the abscissa
of the cross-section is time. When the ship was cruising, the abscissa is
both distance and time. '

4.1 leg l: Norfolk to Bermuda

Lag 1 is divided inte three segments: (IA the: Norfolk area, (2) Norfaolk
ta Bermuda, and {3) the Bermuda area. The NOAA King Atfr aircraft flew near
the Mt. Mitchell off Norfolk and Bermuda. Additional details on the King Air
flights are found 9n Gunter and Boatman (1989). \K1nq Air data are available
from: R.L. Gunter; NOAA/ERL/ARL/Aerdsol Research Sectiom, 325 Broadway,
Boulder, CO 80303.

4.1.1 Norfolk area - Mt. Mitchell data and general overview

Figures 4-1 through 4-4 show daily 10-day back-trajectories beginning at
12 GMT for the period July 17 through July 21 on the 1000, BS0, 700, and 500
hPa levels, respectively. Al B50 hPa, the July 17 and 18 tragector igs are
over the Eastprn US with transport generally from: ihe ‘west., Far July 18-21,
transport is generally from the south for at least 2 davs, thén from the east.
The July 19 trajectory is over parts of Florida and Cuba. The July 20 and 21
trajectories are complétely over the Atlantic Ocean. Note the differences in
the trajectaries among the four pressure levels; different levels may best be
used in different applications. For all ihe 1000 hPa trajecteries during this
periad, transpart is from the east across: fhe western AtTantic, then from the
south. The 500 hPa trajectories, however, show transport from the northwest
for three of the. trajecteyries (Juiy 17- 19) transport from the south
approaching the ship on JuTy 21, and the July 20 ‘trajéctory ends over the US
but passes over the Atlantic for at Jeast 6 days.

Figures 4-5(a-d) and 4-6(a-b) are the cioss-sections for the period 00
GMT. July 17 through 00, GMT July 22. Figure 4-5(a) shows that the temperature
was constant over the E-day period (apprex1maLe1v 28°C at the surface) and
decreased un1form1y with height at a rate of about 6°C/km: This is ¢lese to
ihe rate of 6.5°C/km for the US Standard Atmosphere (e.g., Dutton, 1976).
Winds were sou?hwesterTy over much of the peridd as expected becausa of the
Bermuda/Azores High., At 850 hPa (appraoximately 1500 m), wind speeds were
about 10 m/s, Sautherly arid east to northeasiaerly winds were observed abouve
5000 m during July 18 and 20. The relative humidity (RH) crass-section (Fig.
4-5(b)) showed RM gererally greater than 70% near the surface (i.e., in the
boundary layer) and Ril' Tess than 40% above 4000 m: The poteritial temperature
surfacss (Fig. 4-5(c)) gradually slope with time. Alithough surfacé potential
temperatures were near 300 K during this period, at about 500 m, the poiential
temperature was between 300 K and 305 K on duly 17 ahd near 300 K on July 21,
The mixing vatio (Fig. 4-5(d)) was near 17 g/kg at the surface decreasing to
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about 10 g/kg at 1500 m. The: u”-flux component (positive tg the southeast,
Fﬂg 4-6(a)). was small; generally in the range -2 to 2 kg/m”/s, hut the

v’ -flux comparient (pU:Wt]VE to. thé northeast, Fig. 4-6(b)) was much gredter,
geneTaTTy 10 to 16 kg/m%/s below 1500 m. As d1scussed in Seetion 2.4, the
flux is the pruoduct of air aens1ty and wind speed. Wind speed has a greater
effect on flux because it varies more with height thanm: does density., The
greatar v’/ -Flux results because of the generally southwest winds during this
period.

4.1.2 Norfolk area - King Air intensives

Flights ef :approximately four heur duration were: flown af¥shore in the
vieinity .of the Mt. Mitchell. There were. four f]lghto for this intensive:
17, 18, 19, and 21 July 1988. Each flight departed Patrick Henry Field (PHF),
Newport News, VA, At appYOX1mately 1300 GMT. The First twa hours of each
f1ight [en route to the ship :and then back and forth over the ship) were in
the free troposphere at approximately 2590 m (743 hPa) for about 1 and 1/2
hours, then at 2285 m (828 hPa) for 15 minutes, then at 760 m (927 hPa) for: 15
minutes. Tha last part of the. flight was at ]50 m {998 hPa) for approximately
one lour, to include a 30-m (1015 hPa) flyby of the Mt. Mitchell, then
appr0x1mateTy one hour back to PHF at 150 m, See F.gune 4-7 far 1n—f11ght
Pressures,

The data taken with the instruments aboard the King Air substantiate the
meteorological data taken aboard the Mt. Mitchell. To g1ve a better
vepresentation of the.-values, pavameters weve -graphed vs: time. When graphed
vs. altitude, the variances are not apparent hecatse the aircraft was at eacl
leve]l for an extended time. Surface temperatures at PHF .and during the in-
flight 150 m Tevel wene appraoximately 28°C, and temperafures at 2590 m were

Ep,ox1mately 12°C, This agrees with the lapse rate of 6°C/km determined by
the soundings from the Mi. Mitchell. Figure 4-8 shows the temperature and dew
peint data ys. time for each flight. The RH at. PHE was approximately 75% and
over the ocean at 150 m, values were near 85%. At the highest Jevel (2590 i),
veTues were generally Tes< than 40%, except for the 21st, where the RH, was
approximately 70% and the 1Bth where values wére approximately 50%. On ihe
ascent to Z530 .m, moist Tayers were evident on two days (17 and 19 JuWy);
Figure 4-9 shows relative humidity vs. time for eaeh Flight. Wind data from
the flights indicated moderate southwest flow. The. U-component (pesitive for
westerly flow) and thé V-component (positive for: southerly flow) indicate a
fairTy constant 10 m/s each. (See Figures 4:10 :and 4-11.) Again, thess data
are in agreement with Mt. Mitchell seunding infovmation.

4.1.3 Norfolk te Bermuda

Figures 4-12 through 4-15 show daily 10-day back-trajectories. beginning
at 12 GMT for the period July 22 thrgugh .Jduly 28 on the 10600, 850, 700, and
508 hPa. Tevels, respectiveély. During the Norfolk to: Bermuda pemodj July 22
thirough 24, thP 850 hPa trajectories showed transpert over the ecean generally
from the. east,.

Figures 4-16(a-d) and 4-17{a-b) are the cross-sections for the period 00
GMT July 22 through 00 GMT July 25. Figure: 4-16(a) shows that the temperatiie
was constant over the 3-day period (approxwmately 26"C at the surface) and
decreased with height. Winds were velatively strong :and southwesterly for the
sounding nearest Norfolk, then decreased in strength approaching Bermuda
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Figure 4-14. As Fig. 4-12, but for 700 hPa.

Figure 4~15. As Fig. 4-12, but for 500 hPa.
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because of the locatian of the Bermuda/Azores High. At 850 hPa (approximately
1500 m), wind speeds were about 10 m/s close to Norfohk decreasing ta 2 m/s
near Bermuda The relative humidity cross-section (Fig. 4-16(b)) showed RH
.generally greater than 70% below 2000 m. The potential temperature surfaces
(Fig. 4-16(c)) are generally constant with tiwie. Neéar the surface, the
potential temperature: was approximately 297 K. The mixing ratise (Fig.
4-16{d)y was 17 g/kg at the surface near Norfolk decreasing to about 15 g/kg
near Bermuda. Mixing ratwo was Tess than 10 .g/kg above 1200 m. u'-flux
ranged from -7 to 3 kg/m /s (Fig. 4-17(a)). Negative u’-flux (southeasterly
wind component) ocecurred over much of the cress-section except above 3200 m &t
distances greater than 500 km from Norfo]k v/ -flux (seuthwest component,
Fig. 4~ 17(b)) was greater than 10 kg/m?/s. for much of the first two soundings
{00 and 12 GMT July :22) decreasing to near zero nearest Bermuda,

#4.1.4 Bermuda area - Mt. Mitchell data and general overview

During the Bermuda peried, July 25 through 28, the 1850 hPa trajectories
showed transport over &he ocean generailly firam the east in a similar pattern
as during the NorfoTk to Bermuda period (Fig. 4-13).

Figures 4-18(a-d) and 4- 19(a b) are the cross-sections. for the period 00
GMT July 25 through 00 GMT July 29. As fiear Norfolk, temperature was. constarnt
with fime (approx1mately 27°C at the surface) :and decreasedluniform1y with
he1ght at a rate of about 6°C/km. The winds were Tighter than earlier in the
cruise, but tended to have a southerly component. for heights: below zbout
5000 m and & northerTy compenent above 5000 m. At 850 hPa, wind speeds. were
about 3 m/s. The depth of the layer Kaving RH greafer than 70% (Fig. 4-18(b))
was about 2000 m, or about three times as deep as that near Norfolk. The
potential temperature surfaces (Fig. 4- 18(c)) are constant with time. Near
the surface, the poteptial temperature was appreximately 297 K. The mixing
ratio. (F]g 4- 18(d)) was near 15 g/kg at the surface decreasing to abeut 10
g/kg at. 1300 m. Both the u’- and v'-flux components (Figs. 4-19(a and b))
were small with magnitudes less than 6 kg/m*/s.

4.1.5 Bermuda area - Kipg Air intensives

Flights of approXimately four hour duration were flown hpwind of Bermuda.
Dates for these flights were: 26, 27 (2 flights), and 28 July 1988, The
f1ight plans were identical to thﬂse flown: of f the east coast of the U.S. (see
Section 4.1.2). Figure 4-20 shows in-f)ight pressures for these flighis.

The:meteorological data from the Kirig Air once again substantiate the Mi.
MItChET findings. As for the first four flights, the: parameters are graphed.
time. Surface temperatures at Bermuds, and at 150 m (1004 nb) were
approx1mate1y 27°C. Temperatyres at 2590 m (747 mb) were approximately 11°C,
once again 1nd1cat1ng a lapse rate of 6°C/km (see Figure 4-21 For temperature
and dew point vs. time). The surface RH at Bermuda averaged 75%. Values at
2590 m were less than: 25% for the first fhree flights, with relatively moist
layers (up to 50% RHJ on the 26th, and values at 150 m were approximately 75%.

On the 28th, RH on the ground was 80%, and on ascent, a layer at 90% was
evident. At 2590 m, RH values remained on the average .at 60%, wjth values of
:80% at the. 150 m 1eve1 See Figure 4-22 ‘for .RH vs time. Winds were. Tight and
variable (about 5 m/s. or less) during this time, and the U and V components
(Figs. 4-23 and 4-24) indicate a general southeasterly flow, which is in
agreement with the Mi. Mitehell soundings.
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4.2 Leg 2: Bermuda to leeland

Figures 4-25 through 4-28 show dajly 10- day back-trajectories beginning
at 12 GMT for the peried August 1 through August 10. on the 1000, 850, 700, and
500 hPa levels, respectively. The 850 hPa trajectories show thyee transport
zones for tramsport about. a day before reaching the ship. .South of the polar
front (August. 1 through 3), transport was from: the west or south. WNorth of
the. front (August 4 through 6), transport was from the west or northwest, with
the trajectaries crossing the Nerthein Canada/Atlantic Ocean border w1th1n a
few days of the trajectory origination at the ship. When the influence of the
IceTandic low was dpparent (August 7 through 10), transport. was from the north
er-.east with the northeynmpst trajectories crossing Teeland.,

Figures 4-29(a- d) and 4-30(a-b) are the crass-sections for the period 00
GMT August I through 12' GMT August. 10. The polar front is ¢learly evident
because of the temperature and wind discoertinuities about 2000 km from Bermuda
(45°N) Surface temperatures were:gver 25°C and winds were comparatively weak
south of the front (6 m/3 at 850 hPa), while temperatures were about 10°C and
winds were stronger near Iceland (14 m/s). Winds were strengest (18 m/s)
during this 10-day period in the vicinity of the front 1700 to 2700 km frem
Bermuda (43 to 50°N). Wind direction varied over this 10-day perind because
of the ship’s position with respect to the Frofit and the Icelandic Tow. As
the ship approached Iceland (distances greater than 3500 km from Bermuda),
winds veerad from northerly %o northeasterly to easterly. Relative humidity
(Fig. 4-29(b)) was Tower (less than 60%) just north of the frent (2000 to 3000
km from Bermuda) compared to the B0% region farther north, closer to the low,
as. shown in the August 10 sounding (Fig. 3-8). The potential temperature
surfaces (Fig. 4-29(c)) a1so :show the front. Near the ocean surface, the
potential Ltemperature was approximately 297 X south of the front and 287 K
north of the front. South of the front the:mixing ratio (Fig. 4-29(d)) was
near 15 g/kg at the surface, but only about. 7 g/kg north of the front. The
u’- and v’-flux components (F1gs 4-30(a and b)) show generally constant flux:
with height, but change wsth Eime as the ship travelled north. u’-flux ranged
from dbout -5 to 15 kg/m‘/s, with the strongest qux ¥n the vicipity of the
Front v/ -flax vangad from about =10 to 10 kg/m /&. The sirongest positive
v/-flux was on either side of the front, and the strengest negative v'-flux
was mear Iceland.

4.3 Leg 3: Iceland to the Azares

Figures 4-31 through 4-34 show daily 10-day back-trajectories beginning
at 12 GMT for the period Augusf 16 thiough August 23. on the 1000, 850, 700,
and ‘500 hPa levels, respectively.. During August 16. thrgugh I3, the sh1p Was
north of the polar front and 850 WPa transpert with and through the Tcelandic
Tow occurved, During this perfod the low was farther south than that shown in
Fig. :3-2 oh July 27. During Angust 20 thraugh 23, the ship was south of the
frofnit, and 850 hPa tramspori within the: Bermuda/Azores High oecurred. For all
the 850 hPa ‘trajectories, transport was. ovef the ocean for at least 5 days
befare reaching Lhe ship.

Figures 4-35(a-d) and 4-36(a-b) are the cross-sections for the period 00
GMT August 16 through 12 GMT August 23. These are: similar to the leg 2
cross-sections because the ship crosses. the pglar front again (Fig. 4-35(a)),
here about 1750 km sputh .of 1¢e)and (approximaté]y 46°N), Temperatures at the
surface were -about 15°C rorth of the front and 25°C south of the front.
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Figure 4-25. Daily 12 GMT 1000 hPa 10-day back-trajectories
begirning at the ship's: position from 'L August 1988
through 10 August 1988. A dot is at the beginning
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Figure 4-26. As Fig. 4-25, but for 850 hFa.
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Figure 4-27. As Fig. 4-25, but for 700 bPa.
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Figure 4-28, As Fig, 4-25, but for 500 hPa.
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Figure 4-31. Daily 12 GMI 1000 hPa 10-day back-trajectories
‘ beg1 nning at the ship's position from 16 August
1988 through 23 August 1988. A dot is at the
beginning and the date is at the end ¢f each
back-trajectory. + symbeols are at 24-=h intervals.
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Figure 4-32. Aas Fig. 4-31, bilt £or 850 hPa.
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Figure 4-33. as Fig. 4-31, but for 700 hPa.

Figure 24-34, As Fig. 4-31, BUt for 500 hpa.
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Figure 4-35 continued.
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During this period, winds were strongest just narth of the front (25 m/s at
850. hPa, 1500 km from I[céland, or appraximately 499N) and weakest South of the
frant (R m/sy. A dry regjom, (]ow RH, Fig. 4-35(b)) was also apparent just
north of the front as was observed in Teg 2. As discussed in Seetion 2.2 1o
winds were abtained From the soundings. neav the end of this leg and for the
vemiainder of the cruise. because of insufficient LORAN s1gna1s, The petential
temperature surfaces (Fig. 4-35(c)) also show the front. Near the surface,.
the potential temperature was approximately 287 K north of the front and 295 K
sguth of the front, Mixing ratio (Fig. 4- 3o(d)) was near 8 and 13 g/Kg at the
surface north and scuth of the fpont. The u’- and v/-=flux comperents (Figs.
4-36(a and b)% again show generally constant flux with height, but change with
timeg_as the: ship travelled south. U’-<flux ranged from about -10 to 25
kq/m?/s. The strongest 9031t1ve flux was just north of the Front where the:
'W1nds wene naorthwesterly. v -Flux was weaker, rangihg from about -5 to 15
kg/nl/s The strongest positive v/-flux was about 850 km from lceland (novth
of the front), where strong southwesPerMies occurred.

4.4 leg 4: The Azoves to Barbados

The irajectory and cross-section figures for leg 4 are divided inta two
sections -at the southevnmost point on the cruise ("South Station").

4.4.1 The Azores to Soyth Station

Figures #-37 through 4-40 show daily I0-day back-trajecteries beginning
at 12 GMT for the period August 25 through Septémber 1 on the 1000, 850, 700,
and 500 hPa levels, respectively. The influence of the Bermuda/Azowes h1gh 13
apparent because of the curvature of the trajectories on Algust 26 and 27 when
850 hPa. trapsport winds were weak and on August 25, 28, and 29 when the winds
were stronger as implied by the: Tonger distances of the. trajectories. The
August 30, 31, and September I .850 hPd trajectories :show tramsport from Africa
after at least 2 days..

Figures 4-41{a-d) are the tross-sections for the period 12 GMT August 25
through 12 GMT ‘September 2. Discontinuities near 2000 km from the Azores
(about 72°N) indicate the boundary of the ITCZ. Day-to-day temperature
variability (Fig. 4- -41(a)) was generally small, aTthough surface temperatures
of 30°C were warmer at the southern end of thxs cross-sectian within the ITCZ
(3000" km ‘(approximatély 13°N) to 4000 km from the. Azores) compared to the rest
of the ecross-section (25°C). Relative hum7d1ty (Fig 4-41(b)) was also higher
in the southern third of this cross-section as Suggested from the
rapresentative: ITCZ sounding shown in Fig.. 3-24. Note that the region of RH
greater than 70% extended only up to 1000 m within 2000 ka of the Azoresy but
extended up te 5000 m between 3500 and 4000 km from the Azores. The,potenti@]
temperature surfaces (Fig. 4-41(¢)) also show the: ITCZ; near the surface, the
pogﬁntwa; t$mg§ratﬁre was apgrox1mate]y 295 K noyrth: of the ITCZ and 300 K
within the 17 arth of the ITCZ the mixing ratio (Fig. 4-41 ab the
surfdce was near 13 g/kg and mixing ratios greater than ?O g/kg(gzgurred for
altitudes Up to 1000 m. Within the ITCZ, the mixing vatio at the surface was
near 17 g/kg and mixing ratio greater than 10 g/kg ocourred up to 2000 .

4.4.2 South Station to Barbados

Figures 4-42 through 4-45 show daily 10- -day back-tra
Jectories beginnin
at. 12 GMT for the periad September 2 through ‘September & -on the 1000, gBSG ;
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Daily 12 GMT 1000 hPa 10-day back-trajectories
beginning 'at the ship's position from 25 August
1988 through 1 September 1988. A dot is at the
beginning and the date is at the end of each
back-trajectory. + symbols are &t 24-h intervals.

Figre 4-37..

As Fig. 4-37, but for 850 HPa.

Figure 4-38.
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Pigure 4-39. As Fig. 4-37, but for 700 hPa.

Figure 4-40. As Fig. 4-37, but for 500 hPa.
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Figure 4-42.

Figure 4-43.,
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As Fig. 4-42, but for 850 hPa.



Figure 4-24. AsS Fig. 4-42, but fer 700 hPa.
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Figure 4-45. As Fig. 4-42; but for 500 hPa.

78



700, and 500 hPa levels, respectively. At 850 hPa the trajectories indicate
transport from the east or south. On September 5 and 6, the trajecteries
¢ross the South Amaricanm coast.

Figures 4-46(a-d] are the cross-sections for the period 00 GMT September
3 through 12 GMT September 6. These are quite similar to the ITCZ partion of
the Azares-to-South Statien cross-sections. The temperature structure (Fig.
4-36(a)) was constant over this. time peried. -As in Fig. 4-41(b) within the
1T¢Z, high RH of at least 70% extended up to about 4000 to 5000 m for most of
this period (Fig. 4-46(b)). As. with the temperaiure cross-section; the
potemtial temperature surfaces (Fig. 4-46(c)) were unifarm with a Va1ue_near
the ocean surface .of about 200 K. Thie mixing ratio (Fig, 4-46(d)) at the
surface was hear 16 g/kg. Mixing ratio greater than 10 g/kg ocecurred up to
approximately 2000 m.

5. SUMMARY

ocean during GEF/CASE/NAIOX was. g1ven Synuptic maps, sound1ngs, and
cross-sections of temperature, wind, relative humidity, potential temperature,
mixing ratio, and air flux were shown to illustrate the typical .averal
symoptic situation and the three meteoralegical regimes encountered during the
éruise: north of the polar front, under the: Bermuda/Azores High, and upder the
I7C2. The cross-sections typ1caﬂiy showed overa)l day-ta- day uniformity
except in the vicinity of the polar froot and whein the ME. Mjtchell crossed
inte the ITCZ.. South of the froai under the Bermuda/Azores High :and the ITCZ,
winds were relatively Tight; north of the front, winds were stronger:
Temperatures wera coldest north of the front and|warme<b within the ITCZ.
SimiTarly, mixing ratios were lowest nerth of the front and highest within the
ITCZ. Daily isobaric back-trajectories showed general air flow features fov
the entire crulse. Landmass source regions of atmosphieric constituents
reaching the ship within 3 days were determined from twice- dailly Jsentropic
back-trajactories, MeteoroTogical data from the King Afr intensives (U.S.
east coast, and near Bevmuda) were presented, and compared to Mt. Mitchell
data over the same time frame.
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Appendix A - B50-HPa synoptie analyses

This -appendix contains 12 GMT BS0D-hPa synoptic analyses. (geopotential
height, m) for tie period July 15, 1988 through September 7, 1988.

A-1



MRF(AVN). MODEL

]
Pl P

emah

850,00 MB. HGT ANALYSIS' VALID AT 88~07—16 127

coweor e GR0,0 0 Te 169 CEGAR INMERNC W DOD ML S0

MRF(AVN)Y MODEL

P e A N A Ty
X, ‘ ." r & _ o . 4
oy ALY, ~/
o8 O Y L 8
¢l Q tay B /
A J 2

850.00 MB: HGT ANALYSIS VALID AT 88—07—16 127

CRTER TEN 0 [RDD) CRTRAINEWL: £ S.am fudas s

N-2



MRF(AVN) MODEL

'850.00 MB' HGT ANALYSIS VALID AT 88-07—17 1RZ

comm FEm, 28000 TD 4200 CMTRE MR & 00D MG @2

B50.00 MB. HGT ANALYSIS VALID AT 88—07-18 {22

CNTBa FER  LZD:G T8 1 fTRE IR & 0000 rag DL

A-3



—

L_\ ! X 4532
. A= 1532

850.00 MB HGT ANALYSIS VALID AT 88~07-19 12Z

CHTAR TN RN R CHZND GETNA INDORE DUID FLE.Re  1GH.6

850.00 MB HGT ANALYSIS VALID AT 88—07—20 122

CETOL R 00 T R0 CHTERINERR. S W.0E RTELA=  [69

A-4



MEF(AVN)} MODEL

~ 19 .A

N

850.0d

MB BGT ANALYSIS' VALID AT 88-07-21 12Z

CRTRG R B0 W WU GRTHE WOSTR T B RGN (66

HMRF(AVN) MODEL

i R
]

)
g ol
S

T
'G

B

,

X~

1>
N &\ SOl
fE) W

850.00 MB HGT ANALYSIS VALID AT 88—07-22 12%

CWrRE OB LERO W A0 GTER IACERu B G0 M (e,

A-5



850:00'MB HGT ANALYSIS VALID AT 88-—07—-23 12%

TRUBR Fom WD @ 500 CUWieS INDTR B DT TS 163500
MRF(AVN) MODEL

AN
W AN

850.00 MB  HGT ANALYSIS VALID AT 88-~(07-24 127

CoiTRZ AN HEGG P, G200 ROBE UIMHE B NG PR3 180

n

A-6



lmF‘(AVN) MODEL

SRS
NI 1) 1N
h'\:, N ~— ,7:,2;; % - ,

850.00 MB. HGT ANALYSIS' VALID AT 88-07-25 13Z

L@l FREN  LS0.0 W 1EELa CERR R IS D0 NGE. Do LELSIL

URF(AVIN}) MODEL

850.00 MB HGT ANALYSIS VALID AT 88—07-26 [2F

CHTRR T8, 12%.0 ™ a0 CRqRN 1ML BLOD FDe L7 2

b7



MRF(4VN) MODEL

3 ), '. ,j_!

= LG o © G
\ -l,‘ ) !

860.00 ME" HGT ANALYSIS VALID AT :88-07-27 127

mERRAm L0 W W ORRR MBWRCE MO FTmae 15t

850.00 MB HGT ANALYSIS VALID AT 88—07-28 127

CROMR FRM L2end W SEL0-  CANAN DNDWRLIF 3,000 MRE.aw  ISBN

A

[l

8



B50.00 MB.  HGT ANALYSIS VALID AT 88-07-28 127

XTRE FREl 2D TN S0 UWERR IMTOR F AT Mdue (&

850,00 MB HGT ANALYSIS VALID AT 88-07-30 12Z

UMK RN, AFD0  TH SN0 GSObE DIOBRUE  AUIE PTG (SN

-9



WMRF(AUN) MODEL

. .

850.00. MB: HGT ANALYSIS VALID AT 88-07-31 12%

CeTPR P fEDO TE QL) CROR IODNVIL W D00 MAss (50,4

A-10



EL

MRF(AVN) MOD

0y v g g T T

§50.00 MB HGT ANALYSIS VALID AT 88—08—01 12Z

STRE PaE, 2.0 B SXL0 GETRE IOV ALADT FTIEE BR07

L
1511

B50.00 MB- HGT ANALYSIS VALID A7 88—08-02 127

Pewr PPN 1200 W HADLO  RIARLLNEDW W AT M O.H- (FEE

A-17



URF(AVN) MODEL

850.00 MB HGT ANALYSIS VALID AT 88—08-03 12%

CEOA M 1Z0.0  JE MRG0 GWrms IOV R A IpR.d

850.00 MB HGT ANALYSIS VALID AT 88-08-04 127

CWTEE Pt 1A M (0.4 CWED NECF @ Froale  lew?



YRF(AVN) MODEL
‘;, \g \ — 'A\'-_’ ;

$50.00 MB. HGT ANALYSIS VALID AT 88-08-05 127

CATEN TEM D5 W@ G0 CETER NMRAL 6F A0 MU LERD

MRF(AVN) MODEL

650.00 MB- HGT ANALYSIS VALID AT 88~08—06 122

cOTRS RN LMO0 W (4S80.00 | (OWTES IXFOAWL W D30.0m i f- RTINS

A-13



MRF(AVN) MODEL

i

TN ST TE N e R ¢

§50.00 MB. HAT ANALYSIS. VALID AT 88—08-07 122

CWTER FREI 1100 o 1526.0 NI UTERAL & S04 KLEW4 0 168.2

MRF(AYN) MODEL

I
APy

§50.00 MB  HGT ANALYSIS VALID AT 88—08-08 127

BIRRTEM U0 W 192L0 CmOMN IO F  MGD,  FaSle (B2

A-14



YRF{AVN). MODEL,

ALYSIS' VALID AT 88—08—00 127

AN

b [ X ]

T

HG

LHTER DTV I 3aAm

850.00 MB

16z Y

3.8

.o

= 4] L gg: 1

—086—10 122

(AVN) MOD

850.00 MB. HGT ANALYSIS' VALID AT 88
W 1Ea

ME. e

CHNPALUTRYN. & gLOD 1820.9

oo

maR FEm

A-15



MRF(AVN) MODEL

» I\‘

B50.00 MB HGT ANALYSIS VALID AT 88-08—11 127

MRS M0 TR AR DR INCEWA W SLOD MmO 610,

R M S0 TB S0 CWIRE TGS 00 Aok LG



B50.00' MB. HGT ANALYSIS VALID AT 88—08-13 {27

QTR [T IED0 0T A (KR OG-S BUED M 0EiIRE

B850.00 MB HGT ANALYSIS VALID AT 88-08—14 L2Z

CRAE SR (B0 W LSS0 CTRR INTEXYAL B XD MR (R0

A=17



MRF(AVN) MODEL

- PO P TR NN 5 S, G S A ‘ T
1 X i1 R~ - A )TN~
5 _ O\ 3 \ pd . ¥ '

_.:l 14 :.\ \
_;_ . . =\
L .

P\ Sans e

850.00 MB HGT .ANATYSIS VALID AT 88—08-15 127

oeTHR FEn 1250.0 W 0.0 CRTRR INEMAL F X0 MEJ 1550

MRF(AVN) MODEL

860.00 MB  HGT ANALYSIS VALID AT 88-08-16 127

TR G0 W M50 MM TTBTR: B DD FESH  1BIES

A-18



MRF(AVN). MODEL

§50.00 MB' HGT ANALYSIS VALID AT 88-08—17 122

CaTR 7om M0 TN W00 CETNE KRR SO0 LI 628

MRP(AVN) MODEL

T4 1\"&/ ‘*{i - e!:

850.00 MB HGT ANALYSIS VALID AT 88-08—16 122

CHTES R 1ZDS, TW 16N ONEE NEOR € D00 MEDs 690



MRF(AVN) MODEL

< 4‘5

TR
oo

Nk

\ W
At
AN

B50.00 MB  HGT ANALYSIS VALID AT 88—08—16 127

MORE AW B0 T M0 SRR IKEEML F SDLam MOk I

'850.00 MB HGT ANALYSIS VALID AT 88-08-20 1272

T B 200 T8 ML COTEE DO F  0.00 a0l 8220

A-20



650:00 MB HOT ANALYSIS' VALID AT 86-08—21 133

DRTRA PR 290 TR GM0 OWIKR INRYAL & B0 FTILh (@67

MRF(AVN) MODEL

550.00 MB. HGT ANALYSIS VALID AT :88—-08—22 12Z

CETER.FON 130.0 8 60 OMTRRIGETH. FORaD mEdi iSiLg

A-21



N o g
AT 5 -
R - v A ™
;! - 'y.\‘,_L J
' i 1500 __

850.00 MB

caiv . 2edo

=S

MRF(AVN) MODEL

12

HGT ANALYSIS VALID AT 88—08~23 12%Z

AR DHERTLF RO

FTGES)E

CONTES 7aml 12000

B @m0

Fioae

850.060. MB HGT ANALYSIS VALID AT 88-08-24 137
15700

COATRE IRTERTR. &F IO

A=22



MRF(AVN) MODEL

PV

‘850.00 MB HGT ANALYSIS VALID AT 88-08—25 127

omiTiEe fige 1200

P wmo  oWERMEWAfE WEC  MED e

MRF(AVN) MODEL
EAN IS

850.00 MB HGT AMALYSIS VALID AT B88=08—26 127

CMTHOR P 42960 D0 16300 CleME UM & BLOD FULIE  LeeE

A=23



MRF(AVN) MODEL

\ALARES

850.00 MB. HGT ANALYSIS VALID AT 88-08-27 12Z

CMIAB SEWT WG W 00 GNER IR G WO Amde e

MRF(AVN) MODEL

850.00 MB HGT' ANALYSIS VAL AT 88-08-28 137

CMTAR AN 1A00 W RA.p  CMGAR INOMLE MO0 Ra (@0l

A-24



MRF(AVN) MODEL
i i

TEAVE R

L%,J! h
"N
&y

850,00 MB HGT ANALYSIS VALID AT 88-08-20 12Z

GATRE TR 11RO TR, U0 ORTHR INODAL F Sk Raape Hoesd

L
—J4r7

850.00' MB° 'HGT ANALYSIS VALID AT 88—08-30 12Z

INR R L0.0 W 18.0  OWTRE DWERYRL F  SOMD  FlE.Re  1sas.

A-25



"

MRE(AVN) MODEL

-

)3 %-{f&»« NS

B50.00 MB HGT

oI FOM IO

ANALYSIS VALID AT B8—08-31 12Z

‘W 8200 DTRR DTEYR & M MBS 148

A-26



3

o, >
PN r. -‘ . £
o A a.'.lr

§650.00 MB HGT ANALYSIS VALID AT 88-09-01 12Z

‘GAfER N N0 I @00 GETER IMIRVL B OO MoLdie L.

MRF(AVN) MODEL

Ce 7 2/ IR ~S
e, ’( @;‘,‘P :

850.00 MB HGT ANALYSIS VALD AT 88-09=02 127

C=dmg AEm UAK0. W (MG cMTRR NEBYVAE  DCD PGS (e



MRF(AVN) MODEL

@i

850.00. MNB- HGT ANALYSIS' VALID AT 88—09-03 127

W foel LSS T 200 HIDA DTDRR 6 BMGD  Fumes el

850.00 MB  HGT ANALYSIS VALID AT 88—09-04 127

CEPARTYS DEN0 0 10 COTAR MOV F ZLGD TS U7

A-28



d T . N
i 4 b
. |
\ ’ e N
\ - N
- e A L-

860.00 MB HGT ANALYSIS: VALID AT 88—09—05 122
CoMER [BW 120.0 Th 60,0 CENTER TNNEVL F 5EaD  FIchas f29:9

MRF(AVN) MODEL

850.00 MB: HGT ANALYSIS VALID AT 88—09~06 127

TMWE P LUALD Y8 ISH0 CNMO IMTBORL B oD MmN 1607

A-29



850:00 MB HGT ANALYSIS VALID AT 88—Q9-0%7 127

CAEY FE LAL6 B 1200 omTER DIDNAL E- Shem PTED=r 1480.0

A=30



Appendix B - Mt. Mitchell deck Tog data

The Mt. Mitchell deck log eontains the following hourly ship
position, weather, and oceanic data: '

- date:

~ time _

= {ime zone with respect to GMT

- latitude

~ Tongitude

- present wedther:

- visibiliiy

- wind direction and speed

- wave hieight minimum and maximum
- swell direction

- swell height mirimum and maximum
- sea temperature

= barometrie pressare )

- dry and wet bulb temperature.

B=1
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