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ABSTRACT

Data from Automatic Weather Stations (AWS) on
Adelie Land, Antarctica, were analysed. These data
were collected on a year-round basis, simultaneously at
different stations on the ice-covered slope, where no
such data have been previously obtained. The findings
are:

1) The high directional constancy (ratio of
resultant wind speed to mean wind speed) of the surface
winds has been reported and explained by the inversion
strength and steepness of the terrain. In summer,
however, when the inversion 1is weak or destroyed, a
high directional constancy of approximately 0.9,
comparable to the mean annual value of 0.92, is found
at the slope stations. An analysis of data and model
simulations of diurnal variations of katabatic winds in
summer show that synoptic geostrophic winds and eddy
viscosity also effect the constancy of the wind
direction in summer.

2) Wind directional constancies at the slope
stations in winter, when the inversion is expected to
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be stronger than that in summer, are sometimes lower
than the mean annual constancies. These low
constancies are associated with warm air advection from
maritime air brought into Adelie Land when the
continental anticyclonic ridge, connecting at times
with New Zealand and Australia anticyclone, lies to the
east of Adelie Land.

3) There 1is a superadiabatic surface temperature
change between the high plateau and intermediate
plateau stations. Station D80, a ﬁigh plateau station
showed a distinct flow pattern in winter, which
suggested the importance of the influence of three
factors on the total pressure gradient force: the
inversion strength, the slope angle, and the surface
potential temperature gradient along the slope. Total
pressure gradient force is divided into three

components, (buoyancy, surface temperature gradient,

and boundary depth change) and their relative
b
importancesAevaluated. The results showed that the

superadiabatic surface temperature change along the
slope could be of importance when the buoyancy
component is balanced or nearly balanced by an increase-

in depth of the katabatic wind layer.



4) The entrainment of blowing snow particles
increases the density of the katabatic flow layer by
two mechanisms: first, by the addition of snow
particles to the air column; and second, by the
sublimation of the snow particles, with the
corresponding loss of latent heat from the air, which
decreases air temperature and thereby increases’air
density. This increase 1in density in the katabatic
flow layer leads to increased wind speed as a result of
the change in air density in the boundary layer
relative to the air density in the free atmosphere at
the same height further down the slope. This
accelerative effect occurs primarily at wind speeds
exceeding 12 m/s, since at those high wind speeds there

is usually a large amount of blowing snow.
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1. 1Introduction

The role of Antarctica as one of the principal heat
sinks is very important in the complex global climate
system. It is essential to investigate the heat
budget of the polar regions in order to understand the
mechanisms of global climate and its change. Since
surface winds affect the heat fluxes at the ground and
vice'versa, the study of katabatic winds in Antarctica
assumes great importance.

Mawson and his 1912 expedition were awed by the
strength of the katabatic winds along the coast of
Antarctica. They experienced the most violent surface
winds ever recorded; episodes of wind storms exceeding
44 m/s (100 mph) lasting for days and even weeks were
common. Gusté up to 112 m/s (250 mph) were observed
(Mawson, 1915). This led Mawson to entitle his book
"The Home of the Blizzard," which describes the area
around Cape Denison.

Like Mawson and his party, many explorers and
scientists who have traveled on the antarctic mainland
have left numerous records, descriptions, and comments
regarding the wunique character of the surface wind.
They observed that the surface wind has a strong

1



preference for certain directions, dependent upon the
topography of the terrain. Ball (1960), in a study of
the high winds along the coast of Adelie Land, found
that topography determines the wind direction.

The main reéson kfdr’ the topographic dependency of

the surface wind lies in the frequent occurrence of an

inversion layer, a layer where the temperature

ﬁékéaéés §ith,height;f The formation of a very stable
témperature stratificatioe’ a characteristic of an

inversion layer, acts to ‘inhibit convection. The

‘: mixing process in the surface layer is thus

sﬁﬂétéhfiélly reduée&;'xlrln this ‘fashion, the lowest
 layer‘of the: atmosphere becomes decoupled from the
effects,of large scale pressure gradients. Since the
Antarctic is ,éharacterized by a negative radiation

buaget most of the timé,. inversion conditions are
.strohg; persistént, and exist over nearly the entire
'kiébntinent for much of the year. This phenomenon
:éxplains why explore:s early in this century observed

_sﬁch high consistency‘in the behavior of surface winds.
Mathet and Miller (1967) inferred the pattern of

-surface wind flow'o&ér Ahtarctica from prevailing wind

e am   :6i£ectibn’and,sastrugik formation (Fig. l.la). Parish

_;(1980) estimated the mean surface winds over gentle
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slopes in the interior of Antarctica, using simple
diagnostic equations of motion, the terrain slope, and
the strength of the temperature inversion (Fig. 1.1b).
Generally, good agreement was found. The differences
in the two figures are, as Parish (1980) argues, due to
the fact that data in Fig. 1l.la were obtained from a
sparse station network, which precluded any detailed
analysis, and from the sastrugi reports, which have a
seasonal bias since most observations were made during
the summer months. The increased accuracies in the
topographic maps of the Antarctic 1ice sheets used by
Parish, relative to the one Mather and Miller used,
would also help explain the differences in wind
directions. However, do the differences depend only on
these accuracies? Are there important factors other
than the slope and the inversion strength factors,
which would control surface winds in Antarctica? Is
the topographic dependency of the surface winds true
for summer, when the inversion 1is weak (Phillpot and
Zillman 1970) or sometimes destroyed (Allison 1982,
Sorbjan et al. 1985)? This study attempts to answer
these questions.

Automatic Weather Stations (AWS) provide
simultaneous data on a year-round basis at different

locations on the continental slope, where no such data
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Fig. 1.1b Time-averaged winter flow pattern over
Antarctica based on results from the two layer
model by Parish (1980). The pressure gradient
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have been previously obtained. Manned stations are
sparsely distributed and there 1is rarely more than one
station on the «continental slope. Data from field
trips are not obtained simultaneously at different
positions on the slope, or on a year round basis. The
AWS, however, only provide surface data and do not
supply information on the vertical profiles of
temperatures or winds. This shortcoming is a big
disadvantage in katabatic wind studies, because the
katabatic wind is known to be mainly dependent on the
inversion strength. Much effort was made to overcome
this disadvantage in this study.

Chapter 1 reviews the theories of katabatic winds
and the definitions of katabatic force and its relation
to thermal wind, and describes the topography of Adglie
Land and the AWS. Chapter 2 outlines the general
climate of Adelie Land, with emphasis on the annual
variations of the meteorological components.
Questions concerning katabatic winds in Adelie Land are
brought up in chapter 2, and answers to the questions
are offered in chapters 3 to 6. The diurnal variations
of katabatic wind are treated in chapter 3, and in
chapter 4 warm spells during winter months and their

relationship to katabatic winds are discussed. Chapter



5 describes the large surface température gradient in
Adelie Land, which influencesv katabatic flow, and in
chapter 6, the effect of blowing snow on the katabatic
wind is discussed. A summary and guidelines for future

studies of katabatic winds are given in chapter 7.

1.1 Theories of Katabatic Winds

The word "katabatic" consists of two Greek words:
"kata", which means "downwards", and "batos", which
means "moving beyond" (Fairbridge 1967). Katabatic
winds are winds which are due to the effect of gravity,
and‘thus have the alternative name, "gravity wind."
The term is in contrast to anabatic, meaning "moving
upward."

Theoretical development of the subject of katabatic
winds began relatively early. The analytic approach
taken by Prandtl (1942; see Sutton(1953)) regards the
katabatic winds as being in a steady state and having
identical profiles anywhere on the slope. By taking
exchange coefficients to be constant and the slope to
be small the equations of motion can be solved to

obtain the velocity and temperature fields as functions



of distance normal to the slope. The predicted
functional forms for the Qelocity profile agree well
with experiments (Defant 1951, Lettau 1966). Gutman
(1953) extended Prandtl’s approach to include diurnal
variations, height dependent exchange coefficients, or
nonstationary conditions. Later, the Coriolis force
was also included (Lykosov and Gutman 1972).

Another approach to wunderstanding katabatic flow
was first taken by A. Defant (1933, quoted by F. Defant
(1949)) and later by Fleagle (1950). They considered
only the "average" flow within an identified cooled
layer. All internal structure of the flow was
eliminated and only variation with time was considered.
Petkovsek and Hocevar (1971) extended Fleagle’s idea to
include a stable temperature stratification but
obtained the anomalous result that predicted katabatic
velocity to become infinite as the ambient
stratification approaches adiabatic lapse rate.
Streten et al. (1974) have compared their wind
observations with the model of Petkovsek and Hocevar,
and concluded that more detailed observations were
required. For a model of drainage flow down a slope
from a cold source, Ball (1956) drew on the similarity

of Fleagle’s approach to the theory of open-channel



hydraulics, and modeled a steady flow that depended on
the thickness of the layer. Weller (1969) used Ball’s
theory successfully to explain the surface wind vector

© East meridian in MacRobertson

profile along the 62
Land, Antarctica.

Lettau and Schwerdtfeger (1967) placed an important
limitation on the possible extent and occurrence of
pure downslope or drainage flow. When the trajectory
length approaches 10 - 100 km, continuity of flow
cannot be maintained since it does not occur under-
equilibrium conditions. This means that steady
downslope winds in Antarctica may generally be expected
on the steep coastal slopes up to 100 km inland. On
the 1less steeply inclined interior slopes, they
suggested the use of the term "thermal inversion wind”
to replace the term " katabatic wind."

When an .inversion layer 1is present over sloping
terrain, a horizontal pressure gradient force becomes
established (Fig. 1.2). This is an additional pressure
gradient force which is induced by the thermal
structure of the boundary layer over the slope. The
magnitude of such a pressure gradient force is
dependent upon two factors: the inversion strength and

the slope of the terrain. A term combining these two
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Fig. 1.2 The sloped-inversion pressure gradient force.
The inversion strength and the terrain slope
determins the magnitude of the horizontal

pressure gradient force.
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factors is called by different names depending on the
researcher. Ball (1956) called it "katabatic force",
Parish (1980) "sloped-inversion force", and Gosink
(1981), and Turner (1973) "buoyancy". The names
express, respectively, its result, its cause, and its
character.

Since the pressure gradient force can be expressed
as a geostrophic wind, the katabatic force 1is
frequently related to the slope-induced thermal wind
(Sorbjan 1982). The geostrophic relationship 1is

expressed as follows:

> 1
g =% x 5 "yp = 8, - [0,vy] (1.1)

where ¢ and at are the geostrophic winds at a height

and in the free atmosphere, k 1is the vertical unit
Qector, p 1s the air density, f is the Coriolis
parameter, Vhp is the horizontal pressure gradient. Vo
is the thermal wind induced by a slope. It should not
be confused with the thermal wind produced by the
synoptic baroclinicity. The last equation in Fig. 1.2
expresses the same relationship as Eq. 1.1, but the
former is described by forces and the latter by.

velocities. Thus the magnitude of a thermal wind is

the katabatic force divided by the Coriolis parameter.
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1.2 Topography of Adelie Land

Antarctica 1is almost entirely covered by a

6 ka

permanent ice sheet. Less than 3 % of its 14x10
is free of snow or ice for at least part of the year.
The average. elevation of Antarctica’s surface is a

6 ka

little more than 2300 m. About 3.5x10 of the
high plateau of East Antarctica lies above 3000 m. The
slope of the major part of the plateau is very small,
less than 1/500 (Schwerdtfeger 1984). The slope
increases towards the edge of the ice continent, so
that the antarctic continent can be represented
approximately by a parabolic ice dome. A simple
mathematical equation for the parabola gives
surprisingly realistic values (Miller 1974).

Adelie Land is a sector 1located betweem George V
Land to the east and Wilkes Land to the west (Fig.
1.3). An elevation profile from Dome C to D10 is shown

in Fig. 1.4. The slope varies from less than lO'3 in

the vicinity of Dome C to approximately 10'2

at D10
(Table 1.1). The determination of the slope is subject

to the distance taken for the calculation. Therefore
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Fig. 1.3 The locations of Automatic Weather Stations

and topographical features in Adelie Land,

Antarctica.
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Fig. 1.4 The elevation profile of Adelie Land ice

sheet on the line from D10 to Dome C.



Table 1.

1 The geographic setting of the Automatic

Weather Stations

in Adelie Land, Antarctica.

15

The distance is measured along the line
between Dumont d’Urville and Dome C.
STATION LOCATION HT. DISTANCE SLOPE AZIMUTH
(m) FROM MAX.
COAST (km) UPSLOPE
D10 66242's 240 5 2x10° 2 210°
139°48'E
D47 6722375 1560 110 .5x10 3 210°
138%43'E
D57 68011’S 2103 210 .5x10"3 210°
137°327E
D80 7020175 2450 440 .8x10°3 210°
134°43'E -
Dome C 74°930's 3280 1080

123%00'E
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it is extremely difficult to calculate an exact slope
angle. The wuneven terrain in the vicinity of D10
presents an additional difficulty. ' The direction of
maximum slope also depends on 1local features in the
area, but is approximates 210° from true north.

Dome C is 1located at the highest point of its
surroundings, and the area is flat. D10 is on the ice,
about 5 km inland from the coast, while Dumont
d’Urville is located on an island about 5 km from the

coast.

1.3 Instrumentation

A better wunderstanding of the katabatic wind in
Antarctica has been hampered by the lack of
observational data, although the phenomenon has been
described and studied for many years, e.g., in the
classic work of Mawson (1915). Data in the past were
generally recorded either at manned stations at fixed
points on a year-round basis or, during a number of
field trips in summer, at different places on the same
slope, but at different times (Weller 1969). Automatic

Weather Stations (Renard and Salinas, 1977; Stearns and
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Savage, 1981) have changed these procedures by
providing simultaneous measurement at different fixed
places on the same slope on a year-round basis.

In the 1late 1970s, A. Peterson at Stanford
University developed AWS, which are able to record
meteorological information on a year-round basis. In
contrast to earlier versions of such stations which
recorded the data in place (Sumner 1965, 1966), these
newer stations are interrogated by satellite. This
interrogation is carried out by polar orbiting
satellites (NOAA 6, 7) which pass at intervals of less
than two hours over the station. Normally, two
satellites are used. Data are transmitted to Toulouse,
France (Argos System), where they are recorded on
magnetic tapes. The data tapes are sent to Stanford
University, and, since 1981, to the University of
Wisconsin at Madison, where they are transcribed inté
meteorological units, and sent on to us at Fairbanks
for further analysis, usually about two months after
the initial reading.

Dome ¢ station, powered by a radioisotope
thermoelectric generator (RTG), can run a full year
without servicing, as do each of the other stations,
powered by an array of automobile batteries charged by

solar cells.
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Four AWS were installed between 5 km and 440 km
inland from the coast on the slope of Adelie Land
(Wendler and Poggi, 1980) at alfitudes ranging from 240
m to 2500 m above sea level. Another station, called
Dome C, 1080 km from the coast, was installed on the
top of an ice dome (3280 m) (Fig. 1.3). Their
geographical settings are given in Table 1.1. The
stations, sending information on meteorological
conditions along the slope of Adelie Land on a year
round basis via satellites, provide more comprehensive
information than can be obtained by sporadic traverses.
No manned stations exist in the area except Dumont
d’Urville on the coast.

The data collected by the AWS are temperature,
atmospheric pressure, wind speed and direction. Also
reéorded for maintenanée purposes are the temperature
in the instrument boxes and the voltage of the power
supplies. The station has a storage capability of four
consecutive values of all meteorological parameters,
sampled at 10 minute intervals. Therefore, under the
best conditions, with two satellites in orbit, a steady
data flow at ten minute intervals can be obtained.
Notwithstanding the harsh environmental conditions in

which they operate, 1i.e. temperatures below -80°C and
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wind speeds of nearly 40 m/s, the AWS in Adelie Land
transmitted data successfully during 60% of the time of
the study. Of these data, the satellites missed
roughly 10% due to periodic low angles of reception.
Hourly data were compiled by wusing the observations
closest to the hour. The air temperature was measured
with a platinum resistance thermometer (Weed
Instrument Co.), the atmospheric pressure with a digi-
guartz pressure transducer system (Paroscientific
Inc.), and wind speed and direction with a Bendix
aerovane. The limits of accuracy of these sensors are

as follows:

Temperature 10.3°C
Pressure +0.1 mb
Wind Speed +0.2 m/s (0 ~ 4.4 m/s)

+0.5 m/s (8.6 ~ 89.6 m/s)

Wind Direction :20 over the full 360° range



2 GENERAL CLIMATE OF ADELIE LAND

To set the stage for the main topic discuseed in
this dissertation, namely the factors affecting the
katabatic winds, the climate of Adelie Land will be
briefly reviewed in this chapter, especially the annual
variation of mean monthly values of temperature, wind
speed, and wind diréction. All available data obtained
by AWS were used to analyze these components.

In section 2.1 the AWS are classified according to
geographic 1location, temperature, wind speed, and
degree of slope. The annual variations of temperature
and wind are discussed in sections 2.2 and 2.3,
respectively, followed by a discussion of their
combined effect in section 2.4. In section 2.5, the
importance of blowing snow on the climate of Adelie
Land is introduced. Finally, the questions, which are
brought up in this chapter and are discussed further in
following chapters, are summarized in chapter 2.6. our
motivation for choosing the topics discussed in

subsequent chapters will also be explained.

20



21

2.1 Classification of the Stations

Mather and Miller (1967) classified the
geographical location of stations on the antarctic
slope into three groups; high plateau, intermediate
plateau, and coastal region, reflecting differences in
mean annual temperature and wind speed (Fig. 2.1).
Radok (1973) also defined three zones on the antarctic
continent in terms of surface slope. The latter
classification system results in groupings similar to
those defined by Mather and Miller.

The high piateau stations, Dome C and D80, show
relatively low temperatures (-50°C), light winds
(5m/s), and slopes less than 2.0x10 3.

D47 and D57, the intermediate plateau stations are
located closer to the coast and have stronger winds
(10 m/s), higher temperatures (-30°C), and steeper
slopes (2.0x10°° to 7.0x10°3) than the high plateau
stations.

The wind speed at the coastal stations varies
greatly depending on the station’s 1location (Parish

1980), such as near the foot of an ice slope or on an

offshore island, etc.. However, the observed mean
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Fig. 2.1 Mean annual wind speed versus temperature for

antarctic stations. The data are from Mather
aﬁd Miller (1967) and Schwerdtfeger (1970)
except for the stations in Adelie Land,
Antarctica. The abbreviations are; MRN -
Mirny, DDU-Dﬁmont d’Urville, MSN-Mawson, WKS-
Wilkes, SYW-Syowa, DVS-Davis, BRD-Byrd, PIO-
Pionerskaya, CHA-Charcot, SPO-South Pole, VST-
Vostok, PLT-Plateau, SOvV-Sovietskaya, KOM-

Komsomolskaya, DMC-Dome C.
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annual temperature of all the coastal stations is
close to -lOOC, much warmer than the other two zones.
D10 belongs to this group and is located on the ice 5

km from the coast.

2.2 Temperature

The graph in Fig. 2.2 shows the annual variations
in temperature at the stations. The temperatures of
D47 and D57 are combined, as they are similar. As
would be expected, however, the average annual
temperature at station D47, the 1lower of the two, is
4.0°C warmer than station D57. The month-to-month
variations at D80 are larger than those at the other
stations, because the measurements at D80 were only
for one year, while those at the other stations were
averaged for 2 - 3 vyears.

The coldest temperatﬁre in AWS of Adelie Land ever
observed was -84.6°C at Dome C. Temperatures at Dome
C always stay well below the freezing point, while the
coastal station D10 has temperatures above the freezing
point in midsummer.

Fig. 2.2 shows the typical ‘"coreless" winter

temperature pattern, the flattening of the temperature
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Fig. 2.2 Annual variation of temperature of Automatic
Weather Stations in Adelie Land. Data for
stations D47 and D57 were combined. The
measurement at D80 was only for one year,
while those at the other stations were

averaged for 2 - 3 years.
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curve in winter. This pattern will be discussed in
chapter 4 in relation to the synoptic pressure pattern.

The large temperature differences between Dome C
or D80 and the rest of the stations in winter indicate
a strong surface inversion at Dome C or D80 relative to
the other stations. The lower temperatures at Dome C
and D80 are more pronounced than would be suggested by
an adiabatic temperature gradient. Note that the
elevation difference is smaller between, for example,
D80 and D57 than between D57 and D10 (Table 1.1). This
implies an above-adiabatic temperature gradient between
D80 and D57 for all months but midsummer. This
phenomenon will be discussed in chapter 5 in relation

to the katabatic winds.:

2.3 Wind

The annual variations of mean monthly wind speed
aré shown in Fig. 2.3. The wind speed at Dome C is
very light, with a mean wvalue of 3.2 m/s and no
pronounced annual cycle. Compared with other inland

stations, Dome C experiences the lowest wind speeds of
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Fig. 2.3 Annual variatioﬁ of monthly mean wind speed

of Automatic Weather Stations in Adelie Land.
Data for stations D47 and D57 were combined.
The measurement at D80 was only for one year,
while those at the other stations were

averaged for 2 - 3 years.
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all inland stations of Antarctica (Wendler and Kodama
1982). This is wunique, as an exposed station at a
height of 3280 m on any other continent would have
higher wind speeds than those at lower elevations.

The wind speed steadily increases farther down the
slope towards the coast (Fig. 2.3). Data for D57 and
D47 are combined in the graph as they have similar
annual patferns. On the average, however, the lower-
lying station D47 had a 19 % higher wind speed than
D57. The increase in wind speed from D57 to D47 and
the decrease from D47 ‘to D10 suggests a wind maximum
somewhere around D47. The decrease in wind speed at
D10, where the slope is greater than at D57 or D47, can
be explained by hydraulic jumps (Ball 1956) and
uneveness of the terrain. When hydraulic jumps occur
upslope from D10, tranquil flow is observed at D10
rather than shooting flow (Streten 1963, Gosink 1983).
Another explanation for the lower wind speed at D10 is
its position on a ridge in the uneven terrain of éhe
coastal area. The extremely strong wind on the Adelie
coast experienced by Mawson was explained by Parish
(1981) as a funneling effect often found in uneven
terrain. The flow at the top of a ridge is
characterized by a lower wind speed than that at the

bottom of a valley.
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Fig. 2.4 shows the monthly resultant wind vectors
for all stations except Dome C, where the magnitude of
the vectors is small and no systematic variations are
found. The x-axis of the graph represents the down-
slope component of the wind vector and the y-axis
represents the éross-slope component. Arrows show the
mean annual wind vectors. Each of the integers
represents an average of wind vectors for each month of
the year. Generally, the wind blows about 45° to 60°
to the 1left of the fall 1line, and the monthly
resultant wind vectors veer away from the down-slope
in summer and toward the down-slope in winter. This
veer in winds indicates the presence of a stronger
thermal wind in winter than in summer. Compared with
the mean annual resultant wind vectors of the other
stations (arrows in Fig. 2.4), the vector at D10 points
most closely in a down-slope direction. The angle
between the vector and the down-slope direction
increases from D10 to D57, which is expected, because
the angle is inversely proportional to the steepness
of the slope (Ball 1960). However, the angle between
the resultant wind vector and the down-slope direction
decrease from D57 to D8O. This phenomenon will be
dicussed in conjunction with the temperature gradient

along the slope in chapter 6.
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With the exception of Dome C, all other stations
show a strong constancy (@) 1in wind direction (Table
2.1). g is defined as a ratio of the resultant wind
speed to the mean wind speed. A value of g=1.0 means
that the wind blows only from one direction, whereas a
value of g=0.0 means that the winds blow from all
directions with equal strength and frequency. There
is, of course, no place where g=0.0 is found, since the
general circulation also has preferred directions.
The strong directional constancy indicgtes that gravity
is the most important factor in determining the
direction of flow at all slope stations. However, two
questions remain: 1) Why does q stay high during summer
when the inversion is weak or destroyed? and 2) Why
is the lowest value of q observed in winter instead of
in summer? These questions are addressed in chapters

3 and 4, respectively.

2.4 Temperature and Wind

Lettau et al. (1977) showed that the inversion

strength increases with decreasing temperature in

Antarctica. This also holds true for the arctic and



Table 2.1 Wind direction constancy of Automatic

Weather Stations in Adelie Land, East

Antarctica.
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Month D10 D47 D57 D80 Dome C
Jan .93 0.98 0.96 0.93 0.43
Feb .92 0.93 0.95 0.90 0.54
Mar .95 0.96 0.93 0.94 0.47
Apr .94 0.95 0.91 0.98 0.50
May .93 0.96 0.83 0.99 0.28
Jun .86 0.93 0.73 0.84 0.56
Jul .90 0.95 0.90 0.83 0.36
Aug .94 0.95 0.94 0.96 0.67
Sep .93 0.89 0.92 0.90 0.41
Oct .93 0.94 0.94 0.97 0.55
Nov .87 0.88 0.93 0.90 0.72
Dec .88 0.90 0.92 0.79 0.60

Annual .92 0.94 0.91 0.92 0.51
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subarctic areas (Wendler and Nicpon 1975). Further,
the driving force of katabatic winds is proportional
to the inversion strength on inclined surfaces. Hence,
with lower temperatures, stronger winds are expected in
areas dominated by katabatic winds. Fig. 2.5 shows
this well for D10 and D57, whereas Dome C does not show
any systematic relationship between temperature and
wind speed.

The combination of an increase in wind speed with
decreasing teﬁperatures results in an environment
extremely hostile to humans. The lower the surface
temperature, the stronger the wind becomes, resulting
in extremely low 'equivalent chill temperatures.’ An
opposite condition, for example, is found at Fairbanks
in the flat interior of Alaska (Fig. 2.5). As the
inversion builds up over this flat area, no gravity
flow is experienced and the inversion layer suppresses
transmission of the wind aloft to the surface. Hence,
during cold spells no winds or very weak surface winds
blow. Occasionally stronger winds aloft partly
destroy the inversion layer and bring warmer air to the

surface.
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plotted against the wind speed of the same
station. For Dome C no relationship was
found. For the coastal (D10) and the
intermediate plateau (D57) stations the wind
speed increases with lower temperatures,
whereas for Fairbanks, Alaska, Jjust the

opposite trend was observed.
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2.5 Blowing snow

Katabatic winds with blowing snow are common
phenomena in Adelie Land. Mawson (1915) nicknamed the
area around Cape Denison "Home of the Blizzard."
Prudhomme and Valtat (1957) observed high-reaching or
strong blowing snow at Port Martin for 45 % of the time
with mean visibility of 350 m; for a quarter of the
time snow drifts reduces the visibility to a mean of 35
m. Ball (1957) characterized katabatic winds carrying
vast quantities of suspended snow as "large scale
avalanches of low density."

Ball (1957) also estimated that a snow load of 10
g/m3, which is not rare with strong winds (Loewe 1956,
Budd et al. 1966), means an increase of density
equivalent to a cooling of 2°c. He further stated that
blowing snow 1in katabatic winds acts to keep air
saturated or near saturation with respect to the ice,
and to increase the surface friction. Loewe (1974)
stated that blowing snow contributes to the high
velocity of katabatic winds in Adelie Land.
Yamamnouchi and Kawaguchi (1985) studied the effect of
blowing snow on the radiation balance at Mizuho Station

in East Antarctica.
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We will treat the effect of blowing snow on

katabatic winds in depth in chapter 6.

2.6 Summary

The climate of Adelie Land is heavily influenced by
the steepness of the slope. Strong katabatic winds and
low temperatures at the slope stations produce an
inhospitable environment for human life, whereas Dome
C, on a flat area at the top of an ice dome, has the
lowest wind speeds of the interior plateau stations
and the lowest temperatures among the AWS of Adelie
Land. |

The following guestions are raised in this chapter:

1) How can the high directional constancy
of winds in summer, when the inversion
condition is weak or totally destroyed, be
explained?

2) why is the directional constancy
sometimes low in winter? Is this phenomenon
related to the «coreless winter temperature

pattern?



3) Does the temperature difference
between the interior and the coastal area ’
which is larger than the adiabatic temperature
change, affect the katabatic winds?

4) Is there any effect of blowing snow,
which occurs frequently on the antarctic

coastal slopes, on the katabatic winds?

These questions will be discussed in the

following chapters.
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3 DIURNAL VARIATION OF KATABATIC WIND IN ADELIE LAND
3.1 Introduction

The diurnal variation of katabatic winds in summer
is one of the nmost frequently studied fields in
antarctic meteorology, mainly because summer
expeditions providing meteorological information have
outnumbered winter expeditions. Changes in the diurnal
variation of katabatic wind as a function of the
steepness of the slope and the distance from the coast
had seldom been investigated previous to the present
time. Earlier Mather and Miller (1967), from data
gathered from most of Antarctica’s weather stations,
showed that maximum wind speeds occurred in the morning
in coastal area, and at midday on the interior plateau.
Loewe (1974) analyzed the winds over the interior of
Antarctica and Greenland, and found a mechanism to
explain why stronger winds frequently occur near midday
rather than during the colder part of the day.

In this chapter, wusing thé data from AWS, the
behavior of the wind in summer on the slope of Adelie
Land is analyzed. Also, the —change 1in the diurnal

37
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variations of the meteorological components with

respect to the steepness of the slope is discussed.

3.2 Mechanism of Diurnal Variation of Wind

The surface wind vector on a slope is a result of a
summation of three acting forces: the pressure gradient
force PF, the Coriolis force CF, and the stress force
SF, resulting in a non-zero local acceleration of wind.
In this section, for convenience, we treat the problem
only for the steady state during daytime and nighttime,
although it is in non-steady state for the transition
periods from day to night and vice versa. The balance
of the three forces is based on the steady-state

momentum budgef, which can be written in the form:

9
-%% = -k x f0 + & x £Q (3.1)
SF . CF PF

where 3 and 8 are the wind vector and the total

geostrophic wind vector including the thermal wind,

respectively, 3=(u,v), a=(ug,vg); k4 is the stress
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vector, ¥=(-u'w’,-v’w’); f is the Coriolis parameter; ?
is the unit vector of the z-axis. The x-axis of the
coordinate system is oriented down the slope.

Above a sloping terrain, the thermal activity of
the underlying surface generates an additional
component of the geostrophic wind (thermal wind),
VT=Be'w/f, where B is the buoyancy parameter, y is the
slope angle, o’ is the difference in potential
temperature between the boundary iayer and the free
‘atmosphere. The slope-induced thermal wind Vo is z-
dependent and oriented perpendicularly to the slope

vector. In this case, the total geostrophic wind is

expressed in the form:

2(z) =E§t— [0,vy(z)] (3.2)

where at'is the synoptic geostrophic wind. Since Vep is
positive at night, and very small and positive, or

negative during the daytime, the geostrophic wind
vector G at a height turns to the left or to the right
with respect to the vector at at the top of the

boundary layer. 1If we assume that both at and SP are
constant, the change in the thermal wind o from day to

night modifies the balance of forces (Eq. 3.1).
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As a result, the wind vector U near the surface would
turn toward the down-slope direction at night and more
toward a cross-slope direction during the day.

In the special case Loewe (1974) discussed, the
daytime maximum of Et could be observed when the

magnitude of Vo is comparable with at. Fig. 3.1 shows
an example of Loewe’s case. The condition Loewe

derived is:

(an + de) < 2G_cosy (3.3)

t

where Von and Veq 2fe the thermal winds during the day

and.ét night, respectively. v is an angle between the
thermal wind and Et.

The SF also varies with the time of day. Since the
stability changes mainly as the result of changes in
the heat budget at the surface, the diffusivity and the
gradient of the Reynold’s stress also vary. The
stability, higher at night than during the day, reduces

the turbulent mixing and allows the flow near the

surface to decouple from Et. This stability also helps
to develop a low 1level jet (Wipperman 1977). During

the day the turbulent mixing increases, and therefore,
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The schematic diagram of the geostrophic wind
vectors and the thermal winds for day and

night. Note that the suface geostrophic wind
for day, ad, can be larger than En for night.
Et is the synoptic geostrophic wind. gTd and

3Tn are the thermal winds during day and

night, respectively. v is the angle between

.9
Vo and at.
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the transfer of energy from the upper wind into the
surface layer is facilitated by the low stability

within the boundary layer. Thus, the flow in the

boundary layer is closer to at (Loewe 1974).

3.3 RESULT

Figs. 3.2a - e show the diurnal wvariations of
temperature, pressure, wind speed, wind direction,
pressure gradient force, friction coefficient, and the
number of observations at D10, D47, D57, D80, and Dome
C, respectively. Fewer transmissions are received
around local noon than at other times, as is shown at
the bottom of the graphs.

At station D10 (Fig. 3.2a), the temperature
variation is a smooth sinusocidal curve with its maximum
at 1500 LST and its minimum at 0300 LST. The pressure
variation is somewhat irregular, possibly due to the
variation of the number of observations. The wind
speed has its maximum at 0400 LST, which is about the
time of the lowest temperature observed. The weakest

wind is observed a few hours after the time when the
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3.2a The diurnal variations of temperature,

pressure, wind speed, wind direction, pressure
gradient force, friction <coefficient, and the
number of observations at D10. The method for
calculating the diurnal variations of pressure
gradient force and friction coefficient is

explained in Appendix A.
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highest temperature occurs. The wvariation of wind
direction correlates well with the inverse pattern of
the temperature graph.

The fifth curve in Fig. 3.2a shows the diurnal
variation of the pressure gradient force, which is
calculated from the diurnal oscillation of the wind
vectors (see Appendix A). Since the pressure gradient
force divided by the Coriolis parameter is a thermal
wind, the diurnal component of the pressure gradient
force arises only from the horizontal temperature
gradient which is induced by the heating or cooling at
the surface of the slope. 1In other words, it indicates
the diurnal wvariation of the slope-induced thermal
wind. According to Fig. 3.2a, the graph for the
pressure gradient force agrees well with that of the
wind direction.

The sixth curve in Fig. 3.2a 1is the diurnal
variation of the friction coefficient, which is also
calculated from the diurnal variation of the wind
vectors assuming that the <cross-slope component (y-
direction) of the pressure gradient force is negligibly
small and that the friction coefficient is constant in
any horizontal direction. The friction coefficient

indicates the stability of the boundary layer as well
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as the intensity of the turbulent mixing. According to
Fig. 3.2a, an inverse reading of the friction
coefficient graph matches well with the graph of the
wind speed variation.

From these graphs of wind speed, wind direction,
pressure gradient force, and the friction coefficient,

the following statements concerning D10 can be made:

1) At night the wind speed is greater and
the wind direction is directed more toward
the fall line than in the day because of the
stronger thermal wind and stability.

2) During the day the wind speed is at a
minimum when turbulent mixing 1is strongest,
and the wind blows in a maximum cross-slope
direction when the thermal wind is weakest.

3) As a corollary to 2), the daytime

direction of at could be quite constant in a
direction close to the cross-slope direction.
Since both the stability and thermal wind are

weak during the day, the only factor which

controls the surface wind direction is at.
The small change in the surface wind direction

from night to day can not be explained without
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[ assuming a directional constancy in at.

The diurnal curves of the parameters at D47 and D57
(Figs. 3.2b and c¢) are very similar to each other. The
temperature variation is similar to that at D10. The
pressure curve is also irregular as at DI10. The
patterns for wind speed and pressure gradient force,
and the inverse pattern of temperature match each other
quite well, and also the pattern of wind direction and
the inverse pattern of the friction coefficient are
similar to those observed for D10.

The pha;e difference between the temperature and
wind speed curves is small at D10, and it becomes
larger at D47 and D57 in Figs. 3.2a-c. At D10, the
difference between the times of the minimum temperature
and the maximum wind speed, or the maximum temperature
and the minimum wind speed is one hour, whereas at D47
it is about 4 hours and at D57 about 5 hours. Because
the wind speed varies with the friction coefficient,
the stability of the boundary layer reacts a few hours
later to the inversion strength (assuming the
temperature at the upper boundary layer to be
constant), depending on the steepness of the slope.

The following phenomena help to explain the higher



47

-13.2

2 g ~-15.7
-18.1
812.3

w

& g 812.8

Q.
8lL.6

L1.5 =

VisPd

{(n/s)
[
[xo]
~

WibDir
(de9d)
-
N
[x]
S
|

T T T T T T

a 3 6 9 12 18] 19 21 24
TIME

Fig. 3.2b The diurnal variations of temperature,
pressure, wind speed, wind direction, pressure
gradient force, friction coefficient, and the
number of observations at D47. The method for
calculating the diurnal variations of pressure
gradient force and friction coefficient is

explained in Appendix A.
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stability found a few hours after the occurrence of a
minimum temperature: l) Temperature variations aloft
lag behind the surface temperature variations. Riordan
(1977) reports a phase lag of 5 hours between
temperature at 32m and the surface in February at
Plateau Station. 2) A decrease in the inversion depth
due to the entrainment at the top of the boundary
(Yamamoto, et al. 1979, Caughey et al. 1979),
increases the temperature gradient. Mahrt (1981)
suggested the existence of a nocturnal mixed layer,
which is the remains of a daytime mixed layer. This
nocturnal mixed layer, which is more tu;bulent than the
layer beneath, might contribute to the decay of the
stable boundary layer. ‘

At D80 (Fig. 3.2d), the relationship between the
diurnal curves of the wind vector, pressure gradient
force, and the friction coefficient are different from
those at D10, D47, and D57. Although the number of
observations is very small relative to the rest of the
stations, the mean deviation for each parameter is
comparable to that found at the other stations (Table
3.1).

The diurnal pressure pattern (Fig. 3.24) is
semidiurnal, suggesting the influence of solar tides, a

result of the global solar heating pattern (Chapman and
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Table 3.1 The average summer values for data from

Automatic Weather Stations in Adelie Land.
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Station D10 D47 D57 D80 Dome C
Mean Temp.(°C) -4.4  -15.8 -19.0 -27.4  -35.¢
Mean Dev.(°C)  0.23 0.48 0.27 1.17 0.43
Mean Pres.(mb) 952.3 812.0 757.0 719.1 651.0
Mean Dev.(mb) 0.93 0.48 0.42 0.91 0.41
Mean Speed(m/s) 8.5 11.3 9.7 6.9 2.7
Mean Dev.(m/s) 0.34 0.42 0.24 0.40 0.11
Mean Dir.(deg) 151.4 140.4 139.9 143.4 199.5
Temp.vVar. (°c) 1.9 2.5 3.0 3.7 6.5
Dir. Constancy 0.91 0.95 0.94 0.91 0.48
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Lindzen 1970). Such tidal variations are, however,
both of inadequete magnitude and of the wrong phase to
explain the wind variation. Because of the small
number of observations (47 or 46) and the large
deviation (the mean deviation averaged for 24 points is
0.9mb), the influence of the tidal wave on the wind
vector cannot be proven.

The diurnal oscillations of temperature at D80
(Fig. 3.2d) and at the other stations have the same
shape. Typical of interior plateau stations in
Antarctica (Mather and Miller 1967), D80 has a maximum
wind velocity at midday. In contrast to the stations
mentioned above, at D80 the wind speed pattern matches
the pressure gradient force pattern, and the wind
direction pattern matches the inverse pattern of the
friction coefficient. The larger total surface
geostrophic wind at midday is explained by Loewe (1974)
as mentioned in section 3.2 (Fig. 3.1). Although the
pressure gradient force is large at midday, the wind
direction is more cross-slope than at night due to the
weak thermal wind at midday.

At Dome CC, the diurnal curve of temperature
variation is the same as that found at the other

stations, but the wvariation 1is the largest among the
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stations (Fig. 3.2e). At midday, the wind speed is at
its maximum and the wind direction 1is <closest to a
cross-slope direction. The diurnal curve of the
pressure gradient force fits well with the wind speed
curve. The inverse pattern of the friction coefficient
fits well with the wind direction pattern. Since Dome
C lies in a flat area, the thermal wind must be
negligible, even though there might be some effect from
the slope leading towards Vinson Massif, the highest
point in East Antarctica. Therefore, an explanation of
the increase of the pressure gradient force at midday
must be that it is the same as that found at D80 and in
section 3.2 (Fig. 3.1).

Fig. 3.3 shows the diurnal variations of the wind
vector. Each point is the average of values taken one
hour before and after the hour indicated. The arrows
show the mean wind vector. The shape of the diurnal
variation of wind vectors 1is dependent upon the phase
difference between the wind speed deviation and the
wind direction deviation from the mean wind vector. The
shape also depends on the changes in the thermal wind
and the stability of the layer. At D10, the shape is
almost oval stretching along the fall line, indicating

the small phase difference between the wind speed and
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for calculating the diurnal variations of
pressure gradient force and friction

coefficient is explained in Appendix A.
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wind direction. It becomes almost round at D47 and
D57, and at D80 it becomes oval again stretching along
the cross-slope direction. These changes are a result
of the delay of the phases in the thermal wind and the
stability in the boundary layer, which do not respond
equally to the temperature variations at the surface.
The same anticlockwise cyclic variations of the wind
vector were reported by Riordan (1977) and Dabberdt
(1970) for Plateau Station. At Dome C, a clockwise
variation is found. However, since the variation is
very small and the mean deviation is relati;ely large
(Table 3.1), observational wuncertainties can not be
eliminated.

Fig. 3.4 shows the diurnal variation of the
directional constancy of the winds, q. Table 3.1
shows that the mean constancy is very hiéh for all
stations except Dome C, where the value is almost half
that of the other stations. Fig. 3.4 shows that, for
D10, D47, and D57, the directional constancy is at its
maximum in the early morning, indicating that the
slope-induced thermal wind is important for the
‘directional constancy of wind. At D80, 1in strong
contrast, the directional constancy 1is 1low 1in the

morning and reaches its maximum in the afternoon.
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These observations suggest that the direction of 3t is

very consistent.

3.4 A Simulation

A simple time- and height- dependent model,
developed by Sorbjan et al. (1985), 1is modified to
simulate the diurnal variation of katabatic wind. The
model is explained in Appendix B. The equations used
in the model assume a balance of the Coriolis,
frictional, and pressure gradient forces, which include
components generated by a slope and by synoptic
baroclinicity, resulting in a non-zero wind
acceleration. Simple time- and height- dependent
parameterizations are developed for the eddy viscosity

and the slope induced thermal wind v The values of

T
vp are allowed to vary as a sinusoidal function of

time.

The tests for four different orientations of 3t are
performed using the steady-state version of the model
for the different parameterizations. The results are
shown in Fig. 3.5. The figure at the left is obtained
using a relatively large thermal wind and a small eddy

viscosity. Note that the surface wind direction does



59

Fig. 3.5 Hodographs of the wind vectors obtained from

the steady-state version of the model, for
_different orientations of the geostrophic wind
vectors. A test of the role of the main
factors influencing the flow over Antarctica:
. 2
1. Vp = +15 m/s, ko =1 m“/s
2. Vp = +15 m/s; ko = 20 mz/s
2
3. Vp = +1 m/s; ko = 1lm“/s
Dots indicate the direction of the geostrophic
winds at the top of the ABL. x-axis of the

coordinate system is oriented downslope. Eddy

viscosity, k = kn'
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not change much for any of the four directions of Et,
varying by less than 70°. Mahrt and Schwerdtfeger
(1970) obtained almost the same result, which was used
to explain the high directional constancy in the
katabatic wind in Antarctica. However, from the center

figure and the right figure, it 1is obvious that the

surface wind direction is dependent on the direction of

Et when, respectively, the eddy viscosity is large, or
the slope-induced thermal wind is small. These results
lead to the conclusion that the relatively high
directional constancy in summer or during the day, when

the thermal wind is weak at the slope stations in

Adelie Land, must be caused by at having a constant
direction.

Wind hodographs obtained from a 24 hour simulation
of the model are shown in Fig. 3.6. Nighttime
simulated hodographs have a spiral shape. The
strongest low level jet is obtained about 9 hours after
the beginning of the simulation, which is equivalent to
3:00 A.M. local time.

Fig. 3.7 shows two simulated diurnal variations of
wind speed and wind direction. ’ Note that a smaller

value for wind direction denotes a more down-slope
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Fig. 3.6 Wind hodograph obtained by 24-hour simulation
of the model, Ut - wind velocity at the top of

the boundary layer. v, = 15 m/s, k0 = 30 mz/s.

T
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greater down-slope directions of the flow.
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direction of flow. 3t is kept equal in both cases,
but eddy viscosities and thermal winds differ. 1In each
case, the variation in wind direction is quite similar.
However, the <curves of wind speed variation differ,
that in Fig. 3.7a having its maximum in the early
morning and that in Fig. 3.7b at midday. The curves in
Fig. 3.7a are similar to the curves of wind vector
variation at D10 (Fig. 3.2a). The same comparison can

be made between curves in Fig. 3.7b and Fig. 3.2d at

D80. We can conclude from Fig. 3.7 that,

assuming at to be consistent, the diurnal variation of
wind vectors depends on the variation in eddy
viscosity and slope-induced thermal winds. The phase

difference is controlled by these two factors.

3.5 Summary

Mather and Miller (1967) first documented the
occurrence of maximum wind speeds at midday at the
stations on the interior plateau of Antarctica. 1In
this chapter, the diurnal wind vector variation was
analyzed. The wind speed curves at D10, D47, D57, and

D80 showed a similar pattern, but the time of maximum
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wind speed shifted from early morning (D10) to midday
(D80). Data from AwWs and a simple model simulation
showed the influence of slope-induced thermal wind,
eddy viscosity, and geostrophic wind at the upper

boundary on the diurnal wvariation of wind vectors in

Adelie Land.



4 CORELESS WINTER IN ADELIE LAND

4.1 Introduction

As noted in Fig. 2.2, a ’coreless’ or ’'kernlose’
winter temperature pattern is obvious. 1In April it is
already nearly as cold as in the following six months.
A longer period of observation would show a smoother
than the irregular pattern shown in Fig. 2.2 caused by
a single warm period in the winter.

The historical background for the theories of
coreless winter are reviewed in section 4.2. In
section 4.3, the extremes of temperature in Adelie Land
in winter are analyzed in relation to the other
meteorological components, followed by a new
explanation of the cause of the coreless winter
temperature pattern in section 4.4. This chapter is

summarized in section 4.5.

4.2 Theories of the Coreless Winter

In the middle of the 19th century the famous

Baltic-Russian explorer an Middendorf noted that the
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temperature, the "co;e", or "kern". Hann, quoting
Middendorf, stated that a "kern" is not found in the
European part of the Arctic. Pollog later studied the
winter temperature patterns in Europe and called the
prolonged period of uniform winter temperatures,
"kernlose", a modification of Hann’s term (Loewe 1969).
Before Pollog, Simpson (1919) had already noted the
existence of a very developed coreless winter in the
Ross Sea area of Antarctica. The following is a short
historical note by Schwerdtfeger (1984) concerning

Siple’s observations:

"When Paul Siple came to the South Pole
on 30 November 1956, the first scientist to
stay for a full year at that far-out place, he
did not hesitate to dig, in 4 days of hard
work, a 5.5 meter-deep pit. The purpose was
to measure the temperature which at that depth
comes close to the mean annual value. Knowing
about the summer temperature on the plateau
from Amundsen’s and Scott’s reports, and
assuming the temperature of the coldest month
should be as much below the annual mean as the

summer values are above it ("like it is in
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most other places"), he concluded the average
temperature of the «coldest month might drop
below -84°c (-120°F), a possibility he
considered "half in apprehension and half in
excitement" (Siple 1959). Ten months later,
he was surprised as well as relieved to find
that the winter of the Antarctic Plateéu is
different. In 1957, the coldest month was
September with a mean temperature of -62.2°%

and the lowest minimum of -74°C."

Schwerdﬁfeger (1970) pointed out that the
tempearture inversion strength in the atmosphere never
exceeded a limit of 40°C, and in his model he assumes
the existence of an equilibrium state in which long
wave radiation loss in winter is balanced by
atmospheric back radiation, vertical eddy flux of heat,
heat conduction from the ground, and heat of
sublimation. Also, he speculated that warm air
advection is an important item in this heat balance.

Wexler (1958) attributed the reversal of the
temperature trend to warm air advection associated with
increased cyclonic activity during these months.

According to his hypothesis, this cyclonic activity was
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caused by baroclinic instability resulting £from the
great temperature contrast between the cold Antarctic
continent and the surrounding oceans. This zone of
high temperature contrast moved northwards later in the
season as the Antarctic pack ice formed, leading to the
eventual return of colder temperature. However, van
Loon (1967), in considering the Ross Sea region, noted
a shortcoming in Wexler’s theory by pointing out a
wintertime rise of mean pressure over the other
southern hemisphere continents. This causes an
amplification of the planetary wave pattern which is
apparently greatest in that half hemisphere in which
Australia is centered and results in an increase in
warm air advection.

Loewe (1969) stated that Wexler’s explanation for
advection of warm air is correct for coastal areas but
does not apply to inland areas where more pronounced
warm spells are found, and that van Loon’s explanation
is correct for the Ross Sea area but does not apply all
over Antarctica or the Arctic. He, as well as Thompson
(1969), concluded that radiation is the main reason for
coreless winters in high latitudes. Heat transport, a
consequence of radiation, is probably only a

contributory cause for coreless winters. The outflow
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of cold air along the dome-shaped ice surface in
Antarctica and in Greenland 1leads to descent of the
warmer air above. The larger the cooling by radiation,
the stronger will the outflowing wind be, and the more
vigorous the mixing with the warmer air above. This
mixing, extended over a period of time and tending to
halt a drop in temperature, produces a coreless winter.

However, the supply of warm air aloft to the
surface is limited unless warm air advection from lower
latitudes is assumed. Loewe’s explanation for coreless
winters would be true for each episode of warm spells,
but, without a horizontal influx of warm advective air,
the temperature would generally decrease. This
temperature decrease has never been observed.

Sinclair (1981) studied the extremely high summer
temperatures of December 1978, and reported that
advection of exgeptionally warm, maritime air by strong
winds from lower latitudes is an important heat source.
He suggested that cyclogenesis at the high latitudes
and simultaneous intensification of anticyclonic flow
seem to be necessary conditions for the intense

poleward advection.
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4.3 Results

Fig. 4.1 shows the monthly mean air temperature for
three stations on the slope of Adelie Land in 1983. The
three stations were chosen because a large set of data
was available. This figure shows the coreless winter
temperature patterns with their distinctive reversals
of the expected curve 1in June and September. If the
mean of temperatures over a long period were taken, one
would expect the curve to be U-shaped and to have less
pronounced reversals (Schwerdtfeger 1970). Although
average potential temperatures in summer are similar
for all stations, in winter the potential temperature
at D80 1is much lower than at D10 or D47. The
temperature curves, however, are very similar for the
three stations, indicating that the warm spell is a
phenomenon throughout Adelie Land. From February to
April the drop in temperature 1is steep and in the
months of May and June a warming of the temperature is
observed. In July all stations recorded the coldest
monthly mean temperatures. Warm spells are éeen in
August and September and a cold spell 1is again

observed in October.
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the stations in Adelie Land in 1983.



72

To define warm and cold spells objectively, all
data from April to September were taken and absolute
temperature deviations larger than one standard
deviation from the mean were defined as warm or cold
spells, depending on the direction of the deviation.

Table 4.1 shows the differences of the mean
pressure, resultant wind speeds and directions from the
overall averages and the chances of falling and rising
pressure for warm and cold spells. Surprisingly,
during warm spells the atmospheric pressure is higher
than the averages for all three stations, and lower
during cold spells. This is Jjust the opposite of
Wexler’s (1958) explanation that: a) warm spells are
caused by increased warm air advection, which is
normally connected with increased cyclonic activity; b)
cold spells are expected to be caused by decreased warm
air advection and decreased cloudiness, both typical of
an anticyclone.

In Fig. 4.2 the pressure is plotted against
temperature. Correlation factors of 0.22 to 0.25 were
found, which are significant at the 99% level.

Table 4.1 shows that wind speeds and also the
directional constancy (see also chapter 2.3) are

usually lower than average during both warm and cold



Table 4.1

direction,
chances of pressure tendency for the cases of
the temperatures which deviate more than one

standard deviation (UT) from the average, for
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The mean deviations in pressure, wind speed,

directional constancy, and resultant wind

from their averages and the

three stations in Adelie Land, Antarctica.

Station Temp. P’ WS’ q’ WD’ Chance Chance
rising falling
pres. pres.
(mb) (m/s) (deg) (%) (%)
D80 >+o, +12.4 -1.3 -.206 -12.0 62 38
<-0q 3 -0.6 -.144 +4.0 33 67
D47 >+0. 7 -0.8 -.036 -12.0 62 38
<-0q 8 +0.5 +.012 +10.0 29 71
D10 >+0., +9.2 -0.5 -.095 -4.0 63 37
<-a 0 -2.1 -.054 +3.1 28 72
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spells, except in the cases of the cold spells at D47.
The deviations for wind speed and directional constancy
at D47 are small relative to those at the other
stations. The variations of mean monthly wind speed
and directional constancy at D47 during winter months
(Table 2.1) are also smaller relative to the other
stations. The resultant wind directions during warm
spells are more cross-slope and more down-slope during
the cold spells. Table 4.1 also shows that the
pressure was falling when two-thirds of the warm spells
were observed, and rising when about 70% of the cold
spells were observed.

The weather maps of the surface and 500 mb level
were examinei‘n order to find pressure distributions
related to warm and cold spells. Figs. 4.3a and b
show the typical pressure distribution at the surface
and at 500 mb during warm and cold spells. Although
thg number of meteorological stations is only 25 in an

6 km2 south of 65°S, compared to 340 such

6 km2 of the U.S.A., they are

area of 35x;0
stations on the 9.5x10
sufficient to approximate the synoptic pressure
distribution during cold and warm spells. Fig. 4.3a is
the pressure map at 00z, 20 June, 1983, exemplifying a

warm spell. Temperature deviations of greater than two
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Fig. 4.3a Sea-level (a) and 500 mb (b) pressure charts

for 00Z 20 June 1983.
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Fig. 4.3b Sea-level (a) and 500 mb (b) pressure charts

for 00z, 6 July, 1983.
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standard deviations were observed at all stations. On
the surface map, the antarctic continental anticyclone
is connected with the high pressure to the east of
Tasmania. The ridge connecting these two highs lies to
the east of Adelie Land, which causes maritime air to
enter the antarctic continent. In the 500 mb map, the
ridge intrudes into Adelie Land, and the south-north
air mass exchange is pronounced.

In contrast, during a cold spell (00z, 6 July,
1983) the ridge in the pressure map (Fig. 4.3b) lies to
the west of Adelie Land, now under the influence of the
cyclone centered over the Ross Sea to the east.
Similarly, the 500 mb map shows that the direction of
the flow is from the south, indicating a cold

continental air mass coming into Adelie Land.

4.4 Discussion

To find one explanation for the high atmospheric
pressure associated with above-normal temperatures, the
effect of the continental anticyclonic ridge can be
examined. High atmospheric pressure at the stations in

Adelie Land indicates that the anticyclone over the
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Antarctic plateau is stronger than normal. This
extends and intensifies the pressure ridge between the
two semi-permanent cyclones which are situated at 100°E
and 170% just off the coast of the antarctic continent
(Schwerdtfeger 1970). Since this pressure ridge
normally moves eastward and the pressure usually falls
at the stations during warm spells (Table 4.1), the
ridge must be 1located to the east of the stations
(Fig. 4.3a). Because northernly maritime air flows on
the west side of the ridge, high temperatures can be
the result >f the warm air advection explained above.
If this holds true, a shortcoming of Wexler’s
explanation for the coreless winter would be overcome.
He could explain the coreless winter temperature for
the coastal stations by increased cyclonic activity.
However, the pronounced coreless winter temperature
pattern on the interior plateau is difficult to explain
in this manner. The explanation which takes into
account the warm air advection associated with
anticyclones, makes the coreless winter temperature
patterns more plausible for the inland stations. The
subsidence of warm air aloft to the surface boundary
layer is also more likely to occur under the influence

of anticyclones than under the influence of cyclones.
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Cold spells in Adelie Land are associated with low
pressure areas lying over or to the east of the Ross
Sea. When the cyclone intensifies, it also brings cold
air from the central part of the continent toward the
coast. At this time, the high pressure ridge from the
continental anticyclone 1is frequently located to the
west of the stations. Therefore, when the cold airmass
flows 6ut from the central part of the continent, it
brings abnormally cold temperatures to the stations.

The above explanation ' for the extremes in
temperature do not apply everywhere in Antarctica or in
the Arctic. However, it ‘can be applied to the areas
where the anticyclonic ridge 1is frequently located.
According to Berson and Radok (1960), there are
preferable areas for the formation of an anticyclonic
ridge along the meridional lines of 0°, 60°w (Antarctic
‘Peninsula), 120°, and 140%°E (Adelie Land). In these
areas, the same relationship between temperature and

pressure found in Adelie Land can be observed.
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4.5 Summary

The temperatures at the stations in Adelie Land are
controlled by the heat budget of the boundary layer,
especially by the radiation balance and by the latent
and sensible heat fluxes. However, in order to explain
the high temperatures associated with high pressures
and the low temperatures associated with low
pressures, it 1is necessary to seek the reasons in
advection. During warm spells, the continental
anticyclone extends its ridge to the east of Adelie
Land, connecting at times with New Zealand or Australia
anticyclones, and brings maritime air into Adelie Land.
On the other hand, cold spells are mainly controlled by
the semi-permanent cyclone over the Ross Sea, which
acts on the continental anticyclonic ridge situated to
the west of Adelie Land, and increases the flow of
continental cold air towards the periphery of the ice

dome.



5 THE TEMPERATURE GRADIENT OVER ADELIE LAND
5.1 Introduction

Radok (1973) first pointed out the importance of
the effect of the vertical gradient of surface
temperature on the magnitude of the true horizontal
temperature gradient,‘ which determines the actual
thermal wind. The vertical gradient of surface
temperature is defined as the surface temperature
change between two stations divided by their difference
in elevation. This factor is usually ignored in model
and simulation studies. For example, Dalrymple et al.
(1966) neglected this term, and as a result, the
magnitude of the thermal wind estimated from the model
using the wind observations was found to be twice that
estimated from the inversion strength (Radok 1973).
The pronounced variations in temperature existing on
the surface of the antarctic ice sheet have been
reported by many glaciologists, e.g. Budd et al. (1971)
and Kane (1970), who analyzed 10m firn temperatures.
Vertical gradients of surface temperature on the slope
as large as -2°C/100m were reported by Budd et al.
(1971). This means that if the vertical gradient
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of surface temperature is less than -lOC/IOOm, an air

parcel going down the slope is experiencing warmer air
around it. This could cause acceleration down the
slope or an increase in the magnitude of the thermal
wind.

Several different assumptions have been used by
modelers to describe the temperature structure in the
inversion layer along the slope. Mahrt and
Schwerdtfeger (1970) assumed the isotherms to be
parallel to the inclined surface and temperatures to be
constant along the slope surface. Schwerdtfeger (1975)
discussed the effect on the inversion strength of the
product of the inversion height wvariation and the
average change of temperature along the fall line, but
found it to be negligible. Radok (1974) mentioned the
importance of surface temperature change along the
slope plus the inversion strength on the slope in
estimating the total horizontal temperature gradient.
Ball (1960) assumed an isothermal condition for both
the inversion layer and the free atmosphere with a
discontinuous temperature jump at the interface.
Parish (1982) wused Ball’s assumptions, but extended
them to include variations in the inversion height and
the effect of entrainment of air at the top of the

inversion layer.
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In this chapter, utilizing the data from AWS, we
will discuss the wind and temperature of Adelie Land,
making particular reference to the vertical gradient of

surface temperature along the slope.

5.2 Results

As mentioned in chapter 2.1, the annual mean
temperature distribution could be characterized by
three zones: high plateau, intermediate plateau, and
coastal. The differences in mean annual temperatures
between the high plateau stations and the intermediate
plateau stations and between the intermediate plateau
stations and the coastal stations are the same, about
20°¢ (Fig. 2.1). However, since the elevation
difference between the - high plateau stations and the
intermediate plateau stations is less than 1500m (Table
1.1), the rate of change in temperature with respect to
elevation is superadiabatic, whereas it is close to the
value of the dry adiabatic lapse rate between the
intermediate plateau stations and the coastal stations,
where the elevation difference varies from 1500m to

2000m. This characteristic of temperature distribution
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in Adelie Land is well illustrated in Fig. 5.1, which
shows the monthly averages of potential temperatures
for four stations on.the slope and Dome C station for
the years of 1982 and 1983. The differences in the
potential temperature between D10 (coastal station) and
D47 or D57 (intermediate plateau stations) are very
small (<2K) throughout the year, whereas the
differences between Dome C or D80 (high plateau
stations) and D57 or D47 are very large (1l5K) during
the winter months. Fig. 5.2 shows the variation of
mean monthly vertical gradients of air temperature
‘between the stations. The vertical gradient of
temperatu:es between the coastal stations (D10) and
intermediate plateau’stations (D47 and D57) show the
values to be very close to the dry adiabatic lapse rate
throughout the year. This 1is also true for summer
months between the intermediate plateau stations (D47
and D57) and the high plateau stations (D80 and Dome
C); but in winter months, they reach over ZOC/IOOm, or
twice the dry adiabatic lapse rate. Budd et al. (1971)
found the same feature in the surface temperature -
elevation gradient (the surface temperature
measurements are taken from the firn 10 m below the

surface, where they assumed that temperatures
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the stations in Adelie Land for 1982 and 1983.
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correspond to the mean annual surface temperatures).
The change in temperature gradient from thé high
plateau stations to the intermediate plateau stations
is mainly due to the change in the surface heat budget,
which reflects the transition from the low windspeeds
on the high plateau stations to stronger katabatic
winds on the intermediate plateau stations.

In Fig. ©5.3, the wind speed, resultant wind
direction, and potential temperature are given for
summer and winter for each station. "Summer" is
defined as the months of December and January, and
"winter", as the months from April to September. 1In
the top figure, except for D10, the wind speeds are
proportional to the steepness cf the slope, as
predicted by Ball’s model (1960). The lower wind
speeds at D10, where the slope is greater than at D47
and D57, can possibly be explained by the hydraulic
jumps and the uneven terrain, as discussed in chapter
2.3.

In the middle figure in Fig. 5.3 and Table 1.1, the
flow is generally more downslope in winter than in
summer. According to Gosink (1981), Ball's steady
state uniform model predicts a deviation angle,a, from

the fall line:
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a = arcsin [( £v ﬁ%@?ﬂ = arcsin [f[ e, ]1/3] (5.1)

F 2

kF
where Q = uh expresses the net downslope transport of
the medium; u is the down-slope component of wind
speed; h and k are, respectively, the depth of
katabatic flow and the friction coefficient; £ and v
are the Coriolis coefficient and the wind speed,

respectively. V can be described as:
1/3
E’.] (5.2)

v (X
where F is the total pressure gradient force. With a

negligible wind above the- inversion layer, F can be

expressed as:
F = go'y (5.3)

Egs. 5.1 to 5.2 indicate that the deviation angle is
inversely proportional to the 2/3 power of the
inversion strength and the slope. Therefore, greater
downslope flow in winter than in summer could be
explained by the larger inversion strength in winter.
For both seasons, the steeper slope stations show more

downslope flow. An exception 1is at D80 where the
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deviation angle in winter is smaller (more downslope)
than at D57 where the slope is steeper. The reason for
this may be due to a combination of smaller values of
Q, and/or larger values of k and F. However, F is more
likely to affect the deviation angle than Q and k,
since F has the highest numerical power. According to
Phillpot and Zzillman (1970) the average inversion
strength in winter (June, July, and August) at D80 is
about 15°. The inversion strength calculated using
Egs 5.1 and 5.2 for D80 is l9°C, i.e. 25 % larger than
that predicted by Phillpot and Zillman. Therefore, the
simple expression for F given in Eg. 5.2 will not
adequateiy explain the small deviation angle there, and
a more complete expression for total pressure gradient
force must be found. From the bottom part of Fig. 5.3,
it is obvious that the largest surfa;e temperature
gradient exists at D80. A scale analysis of total
pressure gradient force will be done in the next
section in order to determine the significance of
additional terms in F, in particular the sﬁrface

temperature gradient.
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5.3 Discussion

As shown above, the vertical gradient of surface
temperature along the slope can be one of the most
important components of the total pressure gradient
force which controls the surface wind in Antarctica.
In this section, using a scale analysis of the forces
composing the total pressure gradient force, we will
discuss the conditions under which the force due to the
gradient of surface temperature along the slope is
dominant. The method of scale analysis 1is used to
determine the relative importance of the forces. This
technique involves the estimation of order of magnitude
through the wuse of representative values of the
dependent variables and constants that make up the
forces. This method is widely used in model simulation
in order to alter the complex general equations to
easier and more economical forms for a specific
application.

The total pressure gradient force can be written as

follows (Mahrt and Larsen, 1982):
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F = 86’y - Bh (5.4)

h
where 6 = % j ©’dz is the vertical average of potential
0

temperature deficit in the inversion layer, and h is
the depth of inversion layer. The x-direction
coincides with the fall 1line. The z-direction is
perpendicular to the plane of the slope. Fig. 5.4
demonstrates the schematic diagram of the distribution
of equivalent potential temperatures in the inversion
layer. The first term of the four terms on the right
hand side of Eq. 5.4 is the pressure gradient force due
to the inversion (buoyancy term). The second term is
the pressure gradient force due to the change in the
temperature profile in the inversion 1layer. 1In this
study, this change is assumed to be due mainly to the
surface-potential temperature change along the slope
(temperature gradient term). The third term is the
pressure gradient force due to the change in the depth
of the inversion layer (depth <change term). The last
term 1is the ©pressure gradient force in a free
atmosphere. This pressure gradient force above the

inversion layer is assumed to be small in this study,
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as the wind speed at Dome C, which is an indication of
the pressure gradient in a free atmosphere (Parish
1982), is generally small (Wendler and Kodama 1984).
According to Mahrt and Larsen (1982), the first
three terms on the right hand side of Eq. 5.3 can be

expressed by the scales as:

B’y ~ BydT

26 de
°Bh3§ BH—T ~  ByHAde/AZ

-662—2 ~ -adeg—’f ~ -BwdTdH/AZ

where dT is the scale for equivalent potential
temperature deficit for the flow, H and dH are the
scales for the depth and depth change of the inversion
layer, de is the scale for surface equivalent potential
temperature change along the slope, and AZ(=1y) is the
scale for the surface elevation drop over the x-
direction length scale 1.- dT is a temperature
difference normal to. the surface, whilg de is a
potential temperature change along the fall line. It
is obvious that the change of depth of the invérsion
layer cannot exceed the value of the depth, that ié, H

> |dH|. We consider only positive values of dT and de
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for the purpose of this study, whereas dH can be either
positive or negative. The positive sign denotes an
increase of any value in the downslope direction. The
relative scales for the three terms are obtained by

dividing each scales by Bvy. They are:

dT, Hde/Az, dTdH/AZ. (5.5)

No slope wind or gravity flow occurs if

de/Az ~ (dT/H)((dH/AZ)-1). (5.6)

d6/AZ represents the scale for vertical surface
temperature gradient, 4T/H is the scale for temperature
gradient in the inversion layer, and dH/AZ is the ratio
of the depth change scale and the. elevation drop scale.
Eq. 5.6 is the condition for which the buoyancy term is
balanced by the temperature gradient term and depth
change ternmn. Under this condition there 1is no
katabatic flow even if an inversion exists above the
slope.

The condition in which the vertical gradient of
surface temperature along the slope 1is dominant in
determining the total pressure gradient force can be

expressed as follows:
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de/Az >> (AT/H)(l-(dH/AZ)). (5.7)

Eq. 5.7 simply means that the scale for the temperature
gradient term should be larger than the sum of the
other two scales.

There are two critical cases in Egq. 5.7. 1) AZ~dH,
in which the depth change term is numerically equal to
the buoyancy term but with an opposite sign. These
terms cancel each other leaving the temperature
gradient term alone in Eq. 5.4. Under this condition
the top of the inversion layer 1is horizontal.
According to the scales obtained from the data at D80
and at D57 for summer and winter (Table 5.1), this
conditon is not realistic. 2) dH=0, in which case the
temperature gradient term has to be larger than the
average lapse rate in the inversion layer. 1In Table
5.1, the scale values for summer and winter are shown
based on the data from D80 and D57. From Eq. 5.7,

Table 5.1, and the condition H > |dH|,

0 < dH < 400. (5.8)
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Table 5.1 The scales for the katabatic wind in Adelie

Land.
PARAMETERS SCALE UNIT REFERENCE
SUMMER
de 6 °¢c  aws
AZ 400 m
dar 3 °¢c Wendler and Kodama (1982)
H 200 m Wendler and Kodama (1982)
WINTER
de 10 °c  aws
AZ 400 m
ar 15 °c  phillpot & Zillman (1970)

H 350 m Kawaguchi et al. (1982)
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The phenomenon which 1leads to a positive dH can be
found in a deceleration of the flow associated with the
entrainment of momentum from above the inversion layer.
Since the wind speed becomes progressively stronger
from D80 to D57 and to D47, Eg. 5.8 might not be
realistic. The entrainment mechanism is suggested by
many researchers, e.q. Parish {1980), Monin and
Sawford(1978), but no data are available to verify this
hypothesis for Antarctica. 1In winter, the wind at D80
tends to be directed more down-slopé than that at D57
where the slope is less than at D80 (Fig. 5.3). Using
the values in Table 5.1, Eg. 5.7 requires dH to be
greater than 150 m, thus suggesting a 1argé entrainment
of momentum from above the inversion layer. Overall,
the temperature gradient can be an important part of in
theA total pressure gradient force. However, to better
justify the importance of the temperature gradient
term, an increase in the flow layer depth downward on
the slope is required. Also the entrainment mechanism

at the top of the layer needs to be investigated.
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5.4 Summary

Station D80 on the high plateau showed a distinct
flow pattern in winter, which suggested the importance
of three components of the total pressure gradient
force: the inversion strength, the slope angle, and the
surface potential temperature gradient along the slope.
The direction of the flow at D80 is more downslope than
at D57 despite a less steep slope at D80. A scale
analysis demonstrated the conditions wunder which the
surface potential temperature gradient becomes more
important relative to buoyancy in contributing to the
total pressure gradient force. These conditions also
require an increase of the thickness of the layer
further down the slope, which suggests .that the

entrainment mechanism is important.



6 THE EFFECT OF SNOW ENTRAINED IN KATABATIC WINDS

6.1 Introduction

Katabatic winds with entrained snow are a common
phenomenon in Adelie Land. There are, however, few
experimental or model studies which consider the effect
of snow entrained in katabatic winds, although both
blowing snow and katabatic winds have been studied
frequently and independently (e.qg. Ball 1956,
Schwerdtfeger 1970, Parish 1982, Loewe 1953, Budd et
al. 1966, Kobayashi 1972, Schmidt 1982). The only
study combining these two subjects was done by Mather
and Miller (1964), who investigated the role of the
direction of surface winds in Antarctica on the
formation of sastrugi. Ball (1957) and Loewe (1974)
mentioned the possible influence of drifting snow on
katabatic flow.

Snow particles entrained into the katabatic flow
layer have three possible influences on the character
of the boundary layer flow: 1) an increase in density
by entrainment of snow from the surface, 2) a decrease
in temperature (i.e. increase in density) by

101
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sublimation of snow particles and 3) an increase in
surface friction. This paper discusses 1) and 2), as
3) can be assumed to be negligible compared with the
influence of the density increase just by entrainment
of snow particles, according to Ball (1957). Budd et
al. (1966) reported that, in a wind profile under snow
drift conditions at Byrd station, no evidence had been
found of any significant deviations from the
logarithmic. wind profile. A slight teﬁdency for the
roughness height to increase with wind speed apparently
cannot be explained by friction due to the drift snow
itself.

In the next section, the theoretical relationship
between katabatic force and the speed of wind with
entrained snow 1is derived. The estimation of the
katabatic force using the altimeter correction method
is explained iﬁ section 6.3. In section 6.4, katabatic
force due to the entrainment of blowing snow is
obtained by the relationship derived in section 6.2
using the data from AWS. This chapter'is summarized in

section 6.5.
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6.2 Katabatic Force and Blowing Snow Density

The cooling at the surface of sloping terrain
generates an additional horizontal pressure gradient
force (katabatic force), due to horizontal temperature
differences (Sorbjan 1983). Details are given in Fig.
1.3. The increase in flow density due to the entrained
mass of blowing snow 1is equivalent to an additional
cooling, and therefore, increases the katabatic force.
The graph in Fig. 6.1 plots the equivalent amount of
cooling due to the entrainment of blowing snow against
the blowing snow density. This graph does not consider
any latent heat change associated with the sublimation
of the blowing snow. For example, the increase in
density of air to which 10 g/m3 of snow have been added
is equal to the density increase of air cooled 2°c
(Loewe 1974). This cooling is comparable to the
average inversion strength during the summer months in
Antarctica (Phillpot and Zillman 1970). fThe cooling
equivalent of blowing snow of a few grams per cubic
meter becomes an important factor in wind velocity.
This density and higher ones were frequently observed
at wind speeds above 18 m/s at the 10 m level at Byrd

station in Antarctica (Budd et al. 1966).
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The increased density in the katabatic flow layer
due to the entrainment of blowing snow particles leads
to stronger wind speeds as the result of an increased
katabatic force. Temperature and atmospheric preésure
are, however, not directly affected by the entrained
Snow particles, if no sublimation from snow. particles
is assumed. The katabatic force, KF, in the case of
blowing snow can be expressed in the following
equation;

KF = KFa + KF (6.1)

bs
where KFa = BO'y, KFbs = 9P /P - KFa is the katabatic
force dﬁe to the temperature difference between the
surface and the free atmosphere without the blowing
snow component, and KFbsis an additional force due to
blowing snow. g and p are gravitational acceleration
and density, respectively. KFbs cannot be calculated
from the temperature and pressure because these two
parameters are not directly changed by the entrainment
of blowing snow.

According to the slab model of katabatic wind (Ball
1956), wind speed is proportional to the cube root of
katabatic force, i.e.,

v: = (kF)Q/k, (6.2)
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as in Eq. 5.2, where KF=F. For this derivation Ball
assummed: 1) a negligiblé synoptic pressure gradient,
and 2) a quadratic shear stress. Since the effect of
snow particles entrained into the flow does not affect
the wvalues of temperature and pressure, KFa with
blowing snow present becomes;

KFa = kV3/Q - KF (6.3)

bs
The transport rate of snow by wind, prQ' is
proportional to the cube of wind speed (Kobayashi 1972,
Dyunin 1967). Since KFbs is proportional to Phs’ KFbs
is, as a result, proportional to V3/Q. Thus, from the
Egq. 6.3, it follows;
KF, = (k - c)V3/Q (6.4)

where ¢ is a constant. The slope of the relationship

of KFa and V3 is expected to be smaller in the case of

blowing snow.

6.3 Katabatic Force and Altimeter Correction Method

Since AWS collect only surface data, information on
the free atmosphere is needed to estimate the katabatic
force. Therefore, the altimeter correction method,

which 1is frequently wused to estimate the surface
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geostrophic wind (Bonner and Paegle 1970, Pinty and
Isaka 1982), was introduced. The katabatic force, KFa,
normal to contour lines of the sloped terrain can be

expressed by the following equation:

KFa = gS vy (6.5)
* . .
where S = (Ts - Tsp)/Tsp' Ts is virtual temperature
at the terrain surface. Tsp represents temperature in

the standard atmosphere corresponding to the surface

pressure.

6.4 Results

In Fig. 6.2 KFa is plotted against the cube of wind
speed for D47 for the period from 1 June to 10 July in
1983. The solid circles 1indicate averages for wind
speed intervals of 2 m/s. The height of wind velocity
and blowing snow density is the height of the AWS wind
sensor, approximately 3 m from the ground. Wind speeds
cited in this chapter from the other papers are
converted to this height. The 1length of the line
attached to each «circle represents twice the standard
deviation. The numerical values above the abscissa

give the number of observations for each interval.
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Two linear regression lines are drawn using the lower
six points and the upper five points. It is obvious
from Fig. 6.2 that the slope for weaker wind speeds is
steeper than that for stronger wind speeds. This may
indicate the effect of blowing snow, as the stronger
wind speeds, which reflect the effect of blowing snow,
are increased by a relatively small increase in KFa’
which does not take into account the effect of blowing
snow. The wind speed at the terminal point of two
regression lines (12.4 m/s) ‘agrees quite well with the
wind speed at which blowing snow density can be more
than 1 g/m3 according to Budd et al. (1966).

In order to test whether the increase in wind
velocity which occurs at wind speeds exceeding lél4 m/s
could be due to the increased density of the air with
the entrained blowing snow, we will compare the
measured intensification of the wind with the
theoretical intensification of the wind due to
entrained blowing snow. KFbs is defined by Eq. 6.3 and
is calculated as the difference in the two regression
lines in Fig. 6.2 for wind speeds stronger than 12.4
m/s. Kbs is plotted against the wind speed (solid line
in Fig. 6.3). The ordinate at the right side of the

figure is the amount of suspended snow required to
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explain the total increase of wind speed. This
ordinate may be determined from Fig. 6.1. For a wind
speed of 18 m/s, for example, an amount of suspended
snow of 39 g/m3 would be required. However, for the
same wind speed, Budd et al. (1966) measured, 13 g/m3,
one third of the snow particle density (broken line in

Fig. 6.3) needed to explain KF Hence, there must be

bs”
an additional accelerative force.

Cooling due to sublimation of blowing snow
particles may provide the additional accelerative
force. Sublimation from blowing snow particles occurs
due to the difference in vapor pressures at the surface
of snow particles and the ambient air. It is difficult
to achieve an accurate estimate of sublimation without
knowledge of the moisture in the katabatic flow.
However, a rough estimation was done by assuming the
following conditions. l) the air is kept saturated
with respect to ice, 2) flow is downslope and in a
steady state, 3) sublimation occurs due to the
temperature increase caused by compression-warming
during descent, 4) time of travel for an air parcel is
fixed to a time scale of gravity flow, tg = V/B8'vy,
after Gosink (1981) so that the distance of descent

depends on the wind speed, and 5) the average
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sublimation of the whole layer is proportional to the
depth of a blowing snow layer with densities of more
than 1 g/m3. The estimated cooling wunder these
conditions is converted to the equivalent blowing snow
density and added to Fig. 6.3 (mixed broken line).
This effect adds another 20 - 30 ¢ to the katabatic
force. Hence, suspended snow and sublimation of the
snow particles under the above assumed conditions can
explain about two thirds of KFbs' Complete agreement
might not be expected due to the differences in the
physical properties of snow surfaces and turbulence in
the flow between D47 and Byrd stations. The blowing
snow density depends mainly on the size of snow
particles blown from the snow surface into the flow
layer. The difference in nature of turbulence,
especially due to ‘the difference in the roughness
parameter (which is also a result of removal and
accumulation of snow particles by wind), would affect
the blowing snow density in the flow. Another cause
for these differences could 1lie in our assumption that
the amount of snow transported 1is proportional to the
cube of the wind speed. Takahashi.(1985) reported that
the amount of snow transported by wind at Mizuho

station is proportional to the power of 4 to 8 of the
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circles indicate averages for wind speed
intervals of 2 m/s. The length of line
attached to each circle gives twice the
standard deviation. The numerical values
above the abscissa are the number of

observations.
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wind speed} instead of 3, as we assumed. A full
explanation for these differences must wait for a more
detailed examination of blowing snow measurements.

In Fig. 6.4, the temperature differences between
D80 and D47 are plotted against the wind speeds at D47.
At about 11 m/s the relationship changes drastically.
1l m/s appeared to be about the threshold wind speed at
which blowing snow starts to contribute substantially
to the katabatic flow. The decreased temperature
difference provides additional observational evidence
for cooling caused by sublimation of the suspended snow

at D47.

6.5 Summary

The entrainment of blowing snow particles increases
the density of the katabatic flow 1layer by two
mechanisms: first, by the addition of snow particles to
the air column; and second, by the sublimation of the
snow particles, with the corresponding loss of latent
heat from thebair, ﬁhich decreases air temperature and
thereby incréases air density. This increase in

density in the katabatic flow layer leads to increased
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wind speed as a result of the change in air density in
the boundary layer relative to the air density in the
free atmosphere at the same height further down the
slope. This accelerative effect occurs primarily at
wind speeds exceeding 12 m/s, since at those high wind
speeds there is usually a large amount of blowing snow
entrained. Further intensive measurements of moisture
profiles are needed to quantify more accurately the
effect of sublimation of the blowing snow on the

katabatic flow.



7 SUMMARY, DISCUSSION, AND GUIDELINES FOR FUTURE STUDY

Anlyses of katabatic winds were made from data
collected from five Automatic Weather Stations
extending from D10 to Dome C in Adelie Land. Data in
the past were generally recorded. either at sparsely
distributed manned stations on a year-round.basis or,
during a number of field trips, at different places on
the same slope, but at different times. AWS have
changed this procedure by providing simultaneous
measurements at different fixed places on the same
slope on a year-round basis.

‘The AWS in Adelie Land are classified into three
groups according to their location: high plateau,
intermediate plateau, and coastal region, each having
distinct annual temperature and wind speed patterns;
The AWS locations can also be classified by degree of
slope. From the flat area at Dome C, the slope
increases in a parabolic <curve through the other
stations to the coastal station at D10. The coastal
station, D10, on uneven terrain, has the highest mean
annual temperature of the AWS but a somewhat lower wind
speed than the intermediate stations, D57 and D47,
where the highest wind speeds are observed. The high

116



117

plateau stations, D80 on a gentle slope, and Dome C on
a flat area at the top of an ice dome in the interior
of the continent, are <characterized by the lowest wind
speeds and the lowest temperatures in the groups. The
mean annual wind speed at Dome C is the lowest of any
of the Antarctic interior plateau stations.

The high directional constancy of the surface winds
in Antarctica has previously been reported and
explained by the inversion strength and steepness of
the terrain. In summer, however, when the inversion is
weak or destroyed, a high directional constancy of
approximately 0.9, comparable to the mean annual value
of 0.92, is found at the slope stations. An analysis
of data, and model simulations of diurnal variations of
katabatic winds in summer, shows that gebstrophic winds
blowing at the wupper boundary of katabatig flow and
eddy viscosity also affect the constancy of the wind
direction in summer.

The consistency of geostrophic winds at the upper
boundary of katabatic flow during daytime in summer was
not confirmed due to the 1lack of data. The pressuie
maps, available from the few weather stations scattered
over the large area of the Antarctic, are insufficient

to prove the consistency in geostrophic wind direction.



118

The most realistic approach to confirm this point is to
analyze vertical profile data taken from rawinsondes
(or possibly remote sensing using satellites)
simultaneously at each AWS. Sorbjan et al. (1985)
analyzed some profile data in Adelie Land, and reached
the same result as described in chapter 3.

Wind directional constancies at the slope stations
in winfer, when the inversion 1is expected to be
stronger than that in summer, are sometimes lower than
the mean annual constancies. These low constancies are
associated with warm air advection from maritime air
brought into Adelie Land when the continental
anticyclonic ridge, connecting at times with the New
Zealand and Australia anticyclones, lies to the east of
Adelie Land.

The mechanism of entrainment of heat and momentum
of the advected warm air into the katabatic flow layer,
that changes its depth, has not been clearly
understood. "Subsidence and adiabatic warming" is an
easy and commonly used explanation for the warm spells
by many researchers, e.qg. Loewe (1969), but
"subsidence" mechanisms and warming processes have not
been explained clearly. It is also necessary to obtain

vertical profile data showing the change in the depth
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of the boundary layer in order to help understand the

entrainment mechanisms.

There is a superadiabatic surface temperature -

change between the - high plateau and intermediate
plateau stations. Station D80,'a'high plateau station,
showed a distinct flow pattern in winter, which

‘suggested the importance of the influence of three

A

‘;.*'

inversion strength the slope angle, andvthe surface

potential temperature gradient;along the slope. Total

oressure gradient'i'fOrce ls" composed  of three
components- buoyancy, surface temperature gradient, and
; boundary depth change. | Thelr relatlve 1mportance was
| evaluated and 'the‘vf results showed  that the
superadiabatiC' surtaCe‘ temperature change kalong the
7slope could be ofd:kimportance when Lthe 'buoyancy
.component is balanced or nearly balanced by an 1ncrease
in depth of the katabatlc w1nd layer. ' .

‘ One of the reasons for the superadlabatlc surface
“temperature change between the high plateau and

Aedlntermedlate plateauastatlons could be found in a large

_f:entralnment of momentum and heat from above the

idkatabatlc flow layer between D80 and D57 A large

”change of slope EXlStS between these two statlons (Fig.

ﬂhffactors on the tot 1 pressure gtadxent\ force- thewhiub

h
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1.3). Although the entrainment of heat and momentum
lead to an increase in depth of the boundary layer, and
as a result, to a deceleration of flow, the observed
increase in wind speed from D80 to D57, and to D47,
would indicate the importance of katabatic force due to
the increase in slope angle and to the surface
temperature gradient along the slope rather than to the
effect of the increase in the depth of katabatic flow.
The entrainment of blowing snow particles increases
the density of the katabatic flow layer by two
mechanisms: first, by the addition of snow particles to
the air column; and second by the sublimation of the
snow particles, with the corresbonding loss of latent
heat from the air, which decrease air temperature and
thereby increases air density. This increase in
density in the katabatic flow layer leads to increased
wind speed as a result of the increase in air density
in the boundary layer relative to the air density in
the free atmosphere at the same height further down the
slope. This accelerative effect occurs primariiy at
wind speeds exceeding 12 m/s, since at those high wind
speeds there is wusually a large amount of entrained

snow.
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After all this, tWo questions onA entrainment
mechanisms remain, one relating to the entrainment of
heat and momentum at the upper boundary, and another to
blowing snow at the ground. In addition to vertical
- profile measurements of temperature and wind in and
above the katabatic wind layer, measurements of
moisture profiles are necessary.

Also unknown yet are the mechanisms of turbulent
mixing, entrainment and gravity waves in the strongly
stable boundary layer. Even when the overall
Richardson number (a measure of the stability in the
layer) exceeds 0.25, turbulence may occur sporadically.
The Richardson number of a part of the boundary layer
temporarilly dips below the «critical wvalue of 0.25 in
response mainly to internal wave motions. This
sporadic turbulence is absorbed by the internal wave
motions and therefore is extremely difficult to
measure. High stabilities 1in which the Richardson
number exceeds its critical number are observed even
during night in summer in Adelie Land (Sorbjan et al.
1985). These mechanisms must be clarified in order to

better understand katabatic winds.



Appendix A

Since the AWS do not include information on the
vertical profile of the wind vector, the following
equations were used to estimate the pressure gradient

force F (Parish 1981):

3t F. + fv - kvVu )

(Al)
v = F - fu - kVv
ot Yy

where V is the wind speed, and u and v are wind
components in the x- and y-directions, respectively. £

is the Coriolis parameter (-1.3x10" % s'l) and k is a

frictional constant (5x10'5 m'Y). The frictional force
is taken as proportional to the square of the wind
speed, a parameterization often used in turbulent fluid
flows.

Each variable is separated into the stationary part
and the diurnal variation part.

U= u. +uy
122



123

Vo= v+ vy

Fy = Fox * Fax (AZ)
Fy = FSY + de

k = ks + kd

The stationary variables satisfy the steady-state

version of Eg. Al:

(A3)

and for the diurnal part:

bud
3T " Fdx + fvd - ksVud - deu
(A4)
bvd
3t = de - fud - ksVVd - deV

The diurnal variation of the friction coefficient,

kd’ is obtained assuming that de is negligibly small:

vV

ky = (-fuy - gg-d- - kg /(W) (A5)

Then, Fax is calculated using the following equations:
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du
F - fv

dx 3T g ksVud + deu (A6)



APPENDIX B
A Numerical Model of Flows over Antarcti¢a.

This simple model is based on the following set of
equations which describes the distribution of the windk
velocity in the non-steady atmosphgfic boundafy layer;f“
(ABL) over a slightly inclined tergain (the non-steadyb

version of the equations derived by Sorbjan, 1983).

v :
du | . | = —Ogau
3 f(v Vgo) + fzaz + fVT, 3 Kaz
: . (Bl)
Av aug 2 av'
3t T f(u-ugo) - fzaz -:‘ EKa—z-
where u, v, ' -- components of the wind and the
ug’ vg, ugo' vgo -- geostrophlc w1n§ ?ectors
at an arbitary height and the
surface, ‘
£ -- Coriolis parameter[
K -- eddy viscosity;
Vo = Be'y/f -- slope generated*thermal wind.
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In Eq. Bl, it is assumed that the geostrophic wind
can vary with height (synoptic baroclinicity).

Our model is designed to describe qualitatively the
time variation of the wind in the ABL. This is
achieved by adopting a very simple and somewhat
arbitrary closure of Eq. Bl, for the eddy visocity K.

Generally, the eddy viscosity can be parameterized as

follows:
.
kKu,z(1l-z/h)/(1+4.7nz/h) stable
(Sorbjan 1984)
K =4 Kku,z(l-z/h) neutral (B2)
4Kmaxz/zi(l'z/zi) convective
) (Wyngaard 1981),
where h, z, -- height of the stable and convective ABL,
Kmax -- maximum value of K in the convective ABL,
K -- van Karman constant,
u, -- friction velocity,

n = h/L -- stability parameter, L - Monin-Obukhov

length.

We generalize Eq. B2 concerning only the statble

condition:
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K(z,t) = Kn/(l-4.7hZ) (B3)

where Kn = KOZ(l-Z) (neutral case, KO = Ku H), and 2 =

z/H, where H is the height of ABL. We assumed in Egs.

B3 that H 200m.

The time forcing in the model is expressed by the
function F, which describes a diurnal variation of the

eddy viscocity and the thermal wind. We assumed K (t)

[1+cF(t)] with c = 20, and n(t) = -15F(t). The

function F(t) is defined as:
F(t) = (COS((2nt/T))-1)/2. (B4)

where T ; 24 hours.

The form of F(t) indicates that we assume the
neutral condition to start with and stay in-the stable
condition changing its intensity.

In Eq. Bl, we also assume that

(B5)

<
"
<
o
[¢]
'
(1]
N
[
[
(1]

RF(t) and R 1is equal to the amplitude of

where vT(O)
the thermal wind multiplied by the Coriolis parameter.

Notice that the thermal wind decreases exponentially
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from the value VT(O) at the surface to zero at the top

of the ABL. The exponential shape of Ve Was also

assumed by Mahrt and Schwerdfeger (1969). The other

parameters in Egqg. Bl are chosen to be ugo = 5 m/s, vgo
4 -1

=5m/s, £f = -1.3x10 " s

The boundary conditions are established as:

for z=0: ( u=0
) v=()

(B6)
for z=H:

As an initial condition, we wuse the steady state
solution of Eqg. Bl, with K = Kn and VT(O) = 0. To

solve Eqg. Bl, we first transform it to the form:

oW d., d . ift
s—t- = -a—ZK-g-Z—W - f(VT‘l'lA.Z ) e (87)
) . ift
where W = [(u+iv) - (ugo+1vgo)]e
du oV
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and then express Eq. B7 in the finite difference form.
The finite differences algebraic equations were solved
by the "tridiagonal algorithm", described in Appendix A
of Roache (1972).

We performed a numerical experiment with the non-
zero synoptic thermal wind of the magnitude of 5 m/s/km
in a 200 m deep layer, which is equivalent to the
horizontal temperature gradient of about 1.5 K/100km.
We found that synoptic baroclinicity modifies the wind
hodographs very little in the ABL. Therefore, the A is

assumed to be negligible in the study.
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Pres. WSpd

971.1 18.0
972.8 13.2
271.4 12.1
971.3 11.86
969.2 11.86
966.7 16.5
983 .7
962.3
965.1
067 .4
961.7
965.1
981.0
965.0
872.0
078.2
986.1
873.3
967.6
$59.1
864.86
964.9
974.6
981.4
956.8
970.9
966.7
062. 4
971.3
980.0
871.3

-

rOROOOCORNNYIP~RUORLNIIIDOUS

o
~OWOPOUPRORIOTORINOIPOIWO IV

ot Gt

867.2 7.7

WiDir

169.4
149.1
164.86
173.1
177.1
187.1
178.2
178.9
188.0
186.86
158.3
190.8
184.8
222.3
204.2
139.2
145.86
214.7
178.9
174.2
130.8
156.9
193.7
155.1
200.3
145.9
152.0
158.2
177.8
159. 4
150.9

171.8

Temp.

-6a.
-861.
-54.
~57.
-59.
-60.
-58.
-62.
-80.
-82.
-50.
-51.
~-86.
-58.
-82.
-41.
-82.
-42.
-8l.
-80.
-8&.
-81.
-60.
-6}.
-80.
-59.
-61.
-64.
-86.
-53.
-89.

NO= DO =D ROWDPWRARTORRNODWLUO®IWUTO

-56.

DOME C

Pres.

6564 .
869.
659.
657.
669.
669,
856 .
650.
647.
649.
644.
640.
637.
837.
6845 .
663.
668.
856.
883.
647,
641.
643.
680.
645.
842.
645.
645.
843.
6560.
681.
681.

650.

-

RUWNPODVDWOR RO P=OINDROODNO VO O

-

DOWR~OrANORAURINWRWRLWHMDOWADHON O

.

o \7&&0*\70@(&0&{809\TOO&)O*’QN&&O#(ﬂl\)l\‘)wm

WSpd

z
o

121.

-
]

- #'NO’@QQNOG‘OO&QOOQWGQOOA’#'-"-'!D.UICDQ\70

VU DAWUW DO DOE -
UL ®= N BOOV=EOOO
QOVUMVDOIDWALDOWUWOOD

245.
246.
208.

281.
R69.
R231.

350
143

362.

K
»
[=}

261.

273.

-
-

o

LET



‘Toup;

1 -18.
-2,
T -83.
=318
8 ~18.
=80,
2-88.
SRy & 2
) " -18.
> -18.
=19,
-1,
~18.
-8
~-81.
-17.
=37
-8,

9 -17.
g X
=3%.
=18,
" -20.
=18,
~33.
. =10.
=13
=18,
~88.
. -28.

~BO0N0UOFOABOOLDRANMIDIOBODDOBOS

*

gt T
Pres. wspd

948.¢
941.9

040.8

988.0
988.2
948.8

988.1

982.6
943.1

937.6 8
948.90

847.8
948.3
983.8
963.0
988.3
942.6
944.3
988.9
$68.3
988.1
961.7
$83.7
946.4
9586.1
963.8
962.3
988.4
986.8
968.0
964.0

983.23

AROBUS AD
BIVOOWROO

=t PO POt et
Y CoOOrODRAOBOBDO

O DVWAOOONYO DO

R

WiDiF

le8.7 -

176.23
159.8

146.3

167.1
1832.9

188.8

163.6
174.8
173,727

173.9
183.7
197.8
178.8

177.0 -
176.8 .

18¢.6

180.7

166.9
176.8
186.3
182.1
170.%
168.1
183.6
146.0
176.9
179.7
163.0
171.0

72,9

°
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] o‘maab;bbumaaawnoo;wonOQrvncbb‘
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Sy

RO UIOOFAPOOOBOBORBIDNBFIrODLD
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SEP 80

DATE

COJIOU P AL

28
29
30

AVE

POOVONOBODN VB ERRONOLOBRD OB -

<

Pres.

858 .
9681 .
8970 .
266 .
959.
951 .
948.
946 .
931.
937.
9490.
9585.
860.
865 .
068.
965.
086.
9566 .
983.
949.
946 .
941 .
944.
847.
949 .
946.
940.
840.
940.
939.

951 .

omtommaaohroanhm#woouocwwuwommcmmﬂo

©

CONRODOIARON AP ONOIO PP OOROOOON D

®»

WibDir

145.
129.
152.
165.
152.
168.
163.
174.
178.
122,
139.
133.
138.
165.
175.
171.
164.
154.
147.
156.
180.
173.
171.
178.
175.
183.
168.
174.
168.
146.

160.

PRDOVONOUUURIODRNRWONDNONDOWOOOOR LM

o

COPROOFINUIIONOORONDRIUND IO DD DB

»

DOME C

Pres. WSpd
841.
641.
645 .
847,
845 .
649.
651 .
646.
841.
840.
849.
655 .
857.
8586.
654.
656 .
660.
656 .
652.
649.
640.
827.
632.
634 .
830.
627.
623.
6831.
630.
629.

PRA-OOoODFURAFRIDIBOOD~ONOIDAINDNDOOO -
tD(ﬂU)l\)cO(DHO'-‘UOlBQG#O#OQ\?&J\?QOWO&)GU’N
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-

L -18.4

14.8
10.7
~-9.9
"ﬁ~9
-2.7

-7.%

-8.4

-7.3

-10.4

-9.4

-9.8
-8.8
~-7.4
-8.0
-7.%7
10.0
-7.1
-8.0
-6.4
-8.2
-8.9
-8.4
-7.7
-7.2
-?.0
-3.8
-1.0

-8.0

954.4 4.7

961.5
961.3
960.1
060.4
968.8
976.1
966.6
948.7
981.9
956.8
950.8
951.9
968.8
960.1
968.7
964.8
963.0
943.7
948.4
087.8
961.3
967.9
964.0
957.8
056.8
955.8
962.8
9561.3
950.1

087.8 .

a8
1

DB

e e

11
11.
20,
13.
10.

le.
18.

10.
18,

»
g ]

-
OB ONADO I
N GQROWONARONORDOOUNAAIPPRAOUROOR

.
.

o

184.
178.
167.
176.
174.
152.
136.
164.
169.
171.
188.
146.
182.
183.
184.
140.
168.
187.
188.
178.
174.
183.
167.
141,
178.
183.
164.
183.
178.
159.

l184.

" Temp. Pres. WSpd WiDir

o QWDUUOQOOOG‘b#b*OOQOOﬁQO"OOU‘UwO

~e4,5

~44.4

-37.8

-44.0

44,2

-93.9
-36.3
-39.0

-41.9

-39.8
-39.2
-37.3
-38.2
-39.6
~30.8
-37.3
-37.8
-39.3
-39.7
-38.9
-36.0
-38.1
-84.7
-34.9
-38.1
-85.6
-35.6
-86.1
-84.8
-31.7

~-38.1

644

645.
64a.
647.
647,
e52.
858.
e58.
653.
654.

688

8ss.
651,
648.
649.
asa2.
666.
654.
es1.
esa.
ess.
858.
860.
e8s.
663.
es51.
647.
844.
646.
84a8.

852.

»

-

oqwuum&qfwwudaco-uiu,do:uoonwoa@q

B OFDUUAIFGRDNDDEHEEDAGE S~ -E
D POFUPNNOONOIONUDFORIDODARODODUD
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DEC 80

DATE

QO XU RO~

Temp.

-2.
-3.
-3.
-4.
-6.
-4.
-4.
-4.
-3.
-8.
-4.

-3.
-3.
-3.
-8,
~5.
-3.

~-1.
~1.
-2.
-3.
-2.
~-3.
-2.
-3.
-2.
-2.
-3.
-3.

COMNBPOrHRRrNROBORAONRBIOOONWOO IO

[+ ]

D-10

Pres.

948.
954 .
953.
950.
950 .
950.
944.
049.
9684.
959.
956 .
068 .
061 .
061 .
958.
983.
954.
g6z2.
986 .
0863.
948.
956 .
969.
953.
950.
058 .
262.
987.
958.
852.
945 .

9565.

FUNPO~OPROOUWOONOIVODOO WU NDOUO

%

[
GROODRIPRIQOUNNUNPPANUROQNGE DD

NOONYINIFQArR R IVOARDINORDNOBDWUWIND R O e

=

WSpd

-

WiDir

144.
156.
192.
185.
170.
182.
144.
188.
175 .
187.
178.
180.
189.
185.
187.
158.
166.
137.
141.
134.
149.
154.
174.
135.
162.
168.
171.
132.
149.
142.
158.

157.

VDOROO= YU OYIIO~OO0OONIONNONIDIONQO G

«©

T S B A T

(7]

DOME C

Pres. WSpd WiDir

649.
650.
650.
648.
849.
648.
644.
645.
648.
649.
849.
651.
853.
655 .
654¢.
651 .
650.
650.
658.
682,
858.
658.
657.
653.
652.
654.
653.
654.
658.
657.
852.

PUOONOOOWIPROCOVOON~UNOIRIDWO~OWUDD
DO~ dDODD R rRrOWRROURNOOOORHMWDRHOO
O BOOUOPRDNDOOV WM pEOROOO I M 30

652,

o
-
[~

138.
91.
141.
141.
135.
177.
165.
156.
127.
281 .
196.
309.
194.
207.
_222.
184.
182.
180.
172.
198.
148.
202.
201.
191.
192.
187.
z262.
215.
83.
85 .
203.

188.

CRB-JNANTNORIRDOOD P ODNORWRWWORDOW

(¢}

(A AN



143

. RS R R D i S et WS
aa-onvﬂ-o-ononvnnov'mn_ -

BRI ODNBDONCODDR O P

2990 2 E6-
8°.b0 8 08—

6:9v9 O 9g-
9°8¥9 4 88—
"9 080
8°'6%9
2°L%9
0°'9%0
P40
g 6%0
9°'069
4 0%9
6890
1°0%9
€ 20
0° 089
£°889
6°'666
4686
6:686
8°0668
.11
8-688
8666
8666
6°666
6-668
6° 868
6°666
6:668

g ve-
988~
8- 18-
8" ¥s-
¥ og-
6:666
'RLL)
8:666
8- 668
¢:688
8866
8- 666

8 e
8- 06

8 ve-

G698

0 ve-
6'sc- 0 oot
8'8g-
8 8g-
6°666

6:8686
% M -1.1:]
. 8°868
~8-688
6866
8686

6°6668
4868
- 68°6868
8668

48wt
Sgrgwt
019t
. 9891
STt
¥~ ¥ gst
,‘.*0',,
8 g2~

FARA A
199t

.9 6st

T 48t
| A
0°grt
8 gat

0891
+ 1t
e 901

.

6' 686
6-666

6 6ae

Ca A 2 X4 K-8 X-X- ¥ R N ¥R Y]
ORI BDOIADIIOOEIO
A= 8- - - 3- 4- ¥ §- N 2. pee .

8686

3 6°666 668

i tiais vdsn

nwnob toe-

4884 682
4884 &' 18-
9°092 0°28-~
4 8%s B OB~
1°8%4 0" te-
0°tgs t at-
0°%84 4 6t--
8182 U pt-
4°8%L B BT~
$°084 91—
8°864 € 18-
9°004 ¢ 08~
17292 g te-
FAPA TR &I

2°08s 483~

0°194 % BE-
8°666 & 0866
6666 8666
6:'666 6660

8-6686 6°666
6°6668 8°608
6°666 6°6608.
4°668 6°608
6°666 8°600
6°666 6°660
6°866 6666
6°668 6'666

6°666 6°600
6°660 6 666
6°868 6°668
6°6668 8°666

L

“wess -dwei




FEB 81

DATE

CENOOR QD

Temp.

-8.
-3.
-3.
-3.
-4.
-5.
-8.
-8.
-7.
-7.
-8.
-4.
-4.
-8,
-7.
-8.
-6.
-2.
-3.
~-3.
-?.
-11.
-7.
-3.
-2.

~-10.
-12.

ONFRIFOOUUDIDNO-IONDUODODO DWW O I

-

D-10
Pres. WSpd

953 .
952.
963.
953.
954 .
951 .
948.
950.
952.
945 .
951 .
956 .
958 .
943.
946.
944.
839.
941.
946.
948.
963.
8586 .
955.
956 .
058.
958 .
959 .
961 .

-

-
VROV RIDODOON G

C N NOOOLRNOPO N M LO DD DD TN 0 ® W
-
VP PO~ ORNOO RO R NOEDLND b e oo

e b e e
ONPOOUWRWOdDOO

951 .

(=
©
4]

197.
162.
135.
151.
1680.
140.
158.
168.
179.
184.
184.
159.
1686.
170.
159.
187.
179.
143.
163.
166.
172.
179.
140.
133.
120.
211.
195.
187.

164.

POVUNNTIDODNUINTNOOORUOUNOD O ® -

~

Temp.

-22.

-17.
-18.
~-20.

-22.
-22.
-21.
999 .
8990.
899 .
099 .
999 .
999.
999 .
999 .
099.
009 .
099 .
999 .
8990.

999.
999.
999 .
999.
9069 .

-20.

VOOV OROOPROODODOOOOOOD OO W 2

-

D-57
Pres. WSpd
753.8 12.9
?753.3 6.8
755.4 9.3
757.7 19.86
?57.2 17.2
?752.3 16.2
760.6 17.4
749 .2 12.8
749.5 12.4
999.9 990.9
999.9 99.9
900.9 99.9
999.9 09.9
9990.9 99.9
909.9 09.9
999.9 99.9
009.9 09.9
909.9 99.9
099.9 89.9
098.9 99.9
999.9 09.9
999.9 99.9
999.9 09.9
909.9 690.9
990.9 99.9
099.9 99.9
9090.9 9.9
999.9 99.9
763.2 13.6

WiDir

141.
132.
131.
132.
137.
139.
148.
158.
155.
099 .
999 .
999.
999 .
8999.
990,
2999 .
299
999.
999.
899 .
009.
999.
999.
999.
099.
999 .
909 .
2969 .

142.

0@0000000(@006‘9000“701\)00003(D’Jl\)lb

-]

Temp.

~-38.
-39.
~37.
-33.
~-32.
-33.
~40.

~39.
-36.
-37.
-36.

~-38.
-43.

-45 .
-41.
-39.
-41.
-46.

~47.
~44.
-39.
-48.
~-50.

-41.

POV AWORRIDNODDOIDQRAONO =~ 30O b

(=]

DOME C

Pres. WSpd WiDir

648.2 1.2 160.4
644.9 3.0 64.6
647.7 3.9 18.2
654.4 1.8 8§5.0
653.6 2.1 331.1
651.3 1.6 152.3
654.2 3.1 148.3
651.2 2.5 212.4
650.2 4.5 265.3
653.4 4.9 231.2
652.3 3.9 226.4
651.4 3.4 235.9
652.3 3.9 260.9
647.1 1.8 214.9
644.5 2.1 207.2
642.8 2.6 182.4
842.3 2.0 172.3
645.2 2.1 81.8
650.0 2.8 16.9
652.4 0.8 152.9
651.6 2.9 191.8
645.2 3.7 225.8
646.7 1.7 165.5
650.4 1.2 74.86
652.8 0.6 108.1
651.9 2.5 220.7
650.2 4.9 200.3
652.7 6.1 182.8
649.7 1.3 204.8

LAY



MAR 81 D-10 D-57 DOME C

DATE Temp. Pres. WSpd WiDir Temp. Pres. WSpd WiDir Temp. Pres. WSpd WiDir

N0 NOROOOOR OB RO UAOD ™

1 -14.3 966.3 13.6 183.2 999.9 999.0 090.0 999.9 -51.0 658.0 4.8 177.
2 -10.0 976.4 6.1 168.1 999.9 909.9 90.9 999.9 -52.1 862.0 2.5 155.
3 -6.8 980.8 5.0 157.8 0900.0 099.0 99.0 099.9 -51.1 684.5 2.6 245.
4 -7.2 868.3 10.5 162.5 000.9 999.9 09.9 090.9 -51.7 662.0 2.9 192.
] -7.8 961.2 6.1 165.2 999.9 099.9 99.9 999.9 -50.1 656.1 2.3 186.
(] -9.9 961.3 6.5 175.8 ©09.9 909.9 00.9 099.9 -40.4 651.5 2.1 268.
7 9.0 869.8 4.1 154.9 999.9 900.0 90.9 999.9 -49.3 6556.5 3.8 2690.
8 -7.5 958.1 15.0 156.2 999.0 999.9 09.9 999.9 -50.4 656.0 3.5 255,
] ~8.3 056.7 12.8 163.6 099.9 009.9 09.9 9990.9 -53.1 652.8 2.7 226.
10 -11.6 659.5 13.0 172.8 ©090.0 990.9 99.9 0900.9 -54.3 6560.9 2.0 206.
11 -10.8 954.5 14.3 176.7 ©99.0 909.0 00.9 990.9 -57.2 645.4 1.7 188.
12 -12.9 857.1 10.4 183.2 ©990.9 909.9 90.0 000.9 -58.6 642.2 3.6 145.
13 -15.0 944.2 9.7 176.5 ©99.9 9989.9 90.9 988.8 -58.4 637.8 3.7 176.
14 -13.2 9046.0 14.4 183.7 ©900.9 990.9 99.9 099.8 -53.1 642.5 4.2 138.
16 -9.0 948.3 17.6 173.2 999.9 000.9 99.9 9909.9 -54.8 650.6 3.0 141.
16 -8.1 061.6 16.4 183.1 90900.90 909.0 99.9 009.9 -53.8 650.8 2.6 131.
17 -10.5 054.5 11.6 178.9 0909.90 9909.9 09.9 009.9 -50.6 647.7 1.3 29.
18 -9.6 965.7 16.3 171.8 009.0 $90.0 00.9 099.9 -53.8 648.9 1.5 285.
19 ~9.6 054.0 18.0 178.8 0909.9 999.9 09.9 990.0 -51.7 645.3 0.8 304.
20 -11.4 950.3 13.1 183.8 ©099.0 998.9 90.9 900.9 -53.1 640.1 1.1 358.
8l -11.8 053.0 5.3 185.0 909.9 999.9 09.9 900.9 -57.8 636.2 1.7 =263.
82 -11.06961.2 5.2 184.5 000.9 9990.0 99.9 090.9 ~-59.9 643.0 3.8 258.
23 -9.0 864.7 12.5 1423.5 0090.9 909.9 90.9 999.9 -67.3 652.4 2.8 212.
24 -10.3 957.8 10.5 1684.3 9009.9 999.0 09.90 000.9 -50.4 852.8 3.1 127.
86 -13.9 9853.0 9.1 183.0 099.9 990.9 99.9 900.0 -52.9 649.6 8.5 177.
26 -14.0 951.4 10.0 172.6 000.9 000.9 99.¢ 909.8 -57.3 645.1 3.7 176.
27 -16.8 968.2 7.1 191.8 ©009.9 989.9 89.0 900.9 -59.8 648.7 2.8 180.
-1 .88 ~-14.6 961.1 12.3 174.6 090.9 909.0 90.9 009.90 -59.1 652.1. 3.2 177.
89 . -10.8 960.0 15.9 177.4  909.9 009.90 09.9 99090.0  -60.8 654.5 5.2 172.
830 -18.6 061.8 15.6 186.8 099.8 999.9 09.0 8990.9 -57.8 653.8 5.1 179.
31 -19.6 054.8 8.5 104.0 -41.1 749.} 16.8 179.3 -59.0 649.1 6.9 176.
AVE -11.7 959.0 10.8 174.6 -41.1 748.1 16.2 179.3 -54.6 650.3 2.2 187.6

S,

S ESy——

syl
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MAY 81

DATE

CONIOOd WD

COOCVOOCOON VD FIODNOSRD-WRRANRO~dOND

»

Pres.

861 .
956.
958.
857.
956 .
943 .
936 .
939.
943 .
967 .
060.
049.
861.
082.
045 .
947 .
954.
2947.
0941.
945 .
062 .
964 .
962.
0999 .
999.
999 .
899 .
999 .
999 .
009 .
999 .

952.

COVOOOOCOWOOO=UNRWOODUNNODACON Y+~

~

COVOVOVDO U JOFOIBRODIWOODLIDOWWRR U

[}

999.

174.

POCROOOCORRWLIA OO SIDNODNODDE VO

®n

PR DOUUPOIPWOIRNIO~OUOINOOIDDDOD OO

»

Pres.

999 .
754.
763.
753 .
750 .
743 .
7386 .
739.
747 .
749.
909 .
744 .
787 .
759 .
746.
740.
741.
?735.
733.
740.
754.
757 .
754.
741.
745 .
744 .
75685 .
769 .
767 .
761.
763 .

751 .

DEIOOONDFOURODNORURADNOOOD®NHHOBDQ

(4]

D-§7

wSpd

O N UOODFRNRAR~"WULWOAPORONOOPURONREOODON @

w»

WiDir

9909.
139.
141.
149.
187.
160.
142,
138.
139.
135.
909 .

116.
138.
172.
177.
182.
175.
174.
174.
145.
178.
175 .
154.
168.
171.
182.
178.
174.
304.
267 .

159.

WO OANURPIOWWOLOOrFr U IO O0O0ORdINDIODWD

(4}

Temp.

-66.

~-59.
-62.
-70.
-68.

-64.
-61.
~-59.
-61.
-82.
-50.
-56.
-81.
-87.
-71.
-70.
~67.
-89.
-60.
-61.
-71.
-81.
-62.
-83.
-89.
-56.
-47.
~-58.
-55.

-81.

CRRINOCLNODRORUWNOONOREROINWER OO

©

DOME C
Pres. WSpd WiDir
847.86 2.3 165.5
648.0 1.5 321.3
643.0 3.3 280.1
640.5 3.2 263.6
637.8 3.0 218.2
639.0 4.4 182.9
639.1 4.5 157.%7
637.4 3.1 160.3
640.7 3.0 119.0
643.5 2.1 B32.8
641.5 1.5 6.0
640.4 3.8 86.9
647.9 7.7 79.8
653.8 0.6 136.8
643.2 4.6 231.1
632.2 3.9 189.5
637.2 2.7 165.0
634.2 4.3 179.4
630.2 3.0 184.3
635.0 3.2 134 .4
641.7 3.6 92.5
638.1 1.1 335.6
636.0 5.1 198.0
635.1 7.2 183.0
634.6 5.7 150.0
638.4 5.2 184.3
855.4 4.9 227.5
658.5 4.5 268.8
651.7 2.3 332.1
642.5 3.1 309.0
644.5 2.2 308.0
8641.5 1.6 180.5

LyvT



D-57

Temp. Pres. Wspd

-18.
~23.
-18.
. -10.
T -88.
-38.
. -28.
-89,
. -38.
). -@8.
T -883.
- 88,
. -28.
-290.
-83.
-39,
~-30.
. ~84.
-19.
~18.
~38,
- =80.
-2},
~24.
~-36.
-43.
-84.
-35,
~40.
. ~40.

-88.

769.8
773.8
??77.0
770.8
756.4
760.8
747.3
746.2
747 .3
748.3
748.8
783.4
748.8
7468.9
749.90
748.8
784.6
764.9
764.2
786.4
766.3
764.6
760.8
788.3
743.8 1}
789.0
754.6 ‘
7656.0 13.1
788.7 19.7
787.1 20.0

»
~3

ot gt
P ROIPO R DORODOCOD~ODDEBOR

-

Pl ok
PARVPEAr JRODIEDNODONW DI U

OYPD-BEPROOUODROEAIADTODRS OGO 0D N
%
-
o

6 786.2 9.0

WiDir
2873.
177.
183.
263.
191,
174.
238.
170.
137,

89.

89.

8s.
133.
138.
162.
103.
140.
136.
103,
133.
174.
181.
308.
164.
188.
183.
170.
178.
181.
180.

180.

Tomp
-3e.}

-68.

W OOOCAOR+OOOV=OBRVOOODODRW@WORMEED =

-48.0
-28.9
~33.0
~41.1}

~48.0Q

-61.8
-62,.8
-88.3

- -88.7
--60.8
-87.0

-64.4
-68.5
-70.8
-68.8
-67.0

-88.0

-40.8
~-40.3
-63.
-54.
~44.
-81.
-68.

-83.
-89.
-60.7

c 2 5 E L. 5 -F ¥

.-86.7

-Eg(;

" DOME C

Pres. WSpd'

648.7 8.2
868.0 4.8
654.1 11.7
648.6 10.5

84l1.2
843.5
837.7

636.8

636.6
633.2
832.0
634.8
639.2
638.0
638.8
634.9
641.9
688.0
880.7
653.6
644.4
646.2
6841.2
640.1)
636.9
040.2
654.6
656.1
654.8
683.6

644.3

P VOO RADDAIRPUFERRDPDADN~NO

-

P U PENEPODID OO ~NDO DR @ JO

wWiDh

si7.7

329.9
341.8
313.2
208.9 -

298.4

189.4
2837.2 -
143.8 .
70.8. .
366.8

290.7
287.2 .

261.3
236.3 .
2812.8 -
146.0
48,8 .
86.8
3286.6 -
_77.7% .
311!9'"‘
848.1 -
288,77

agl.9

194.9

180.8 .

263.7

a31.8

266.3

203.4

8yt



-14,
-17.
~-28.
-a2.
-19.
-20.
-a3,

CUDAPAOHPOODRIODODPOLDOABDUG D

o

o p-s7

783 .

Fres.
264,
?82.
748 .
741.
739.
747.
784.
788.
7886.
748.
780 .
781.
748.
794.
743.
783.
763 .
745 .
743,
744 .
749 .
783,
787.
768.
76%.
768 .
783.
7684 .
774.
76%7.
758.

s
6

O OCNUOOONOIOUAVDBDAVINDIOINOID OO0 SO

?SPQ

16.3
19.8
19.1
18.4
1a.8

?.8
11.86
14.7
12.8
13.8

11.8

10.9
16.1
ig.8
Q1.8
14.3
18.8
13.8

Lk L o
“PrORNUOEOODO©
b OQOODDR™DOIW

-
-

ULILES
1v?.7
[-86.4

180.1

i76.6 -

171.2
168.7
180.2
178.8
156.8
1417

170.8

186.8
181.0
143.3
147.8
138.6

134.3 -

138.6
140.8
1890.8
168.8
168.4
181.8
122.8

76.8

89.7

99.8
148.7
118.0
131.3
109.6
134.2

147.83

-64.8

-86.0

-69.1

-723.8

-7e.3

-63.8

-62.%
-63.8
-63.8
-81.8

"-688.1
-68.0
-83.9

-681,13

-681.0

-61.6
-67.9
-68.8
-71.0
-68.7
-88.4
-34.4
-29.9
-51.9
-60.4
-81.0
-49.8
-48.2
-48.4

-80.1

O e NOONOPONDOOHUORSDORD I IDRD DD .

3

-

xou'-uzw-uszwwww»cbumuaaawamuu—-;@uau

-

® UOHOMPNOOPUDUIOPINDOOOOBHDOO MY

DOME C
i

-
L7 ]

- OB IO A BB OCIDORIOIBODIT DO

»

6V1

vy

R

i s in



AUG 81

DATE

[ N WO RO S

COQCQOON B PR POV OEDNONODNPRDDODTON B D I

(4]

D-57

Pres.

763 .
771 .
766.
753.
999.
2989,
999 .
2009 .
299 .
782.
779 .
772.
?767.
759 .
754 .
765 .
753 .
747 .
?752.
754 .
758.
?750.
758.
756 .
?752.
756 .
989.
999.
999.
899 .
999 .

7860.

COVDOOON=drdp O JUrRUALIOOOD O W 3~

-3

8.
15.
18.

CODOCOONORDNIOCUB = POODFRNERODOOODWIYN

wspd

o

WiDir

131.
134.
143.
153.
89909.
989 .
999.
999.
9989.
170.
175.
189.
176.
175.
141.
123.
140.
143.
137.
137.
138.
141.
135.
135.
108.
134.
999.
899 .
8900.

999.

143.

CODOVO=OODANIDDOOOOOWVOUNOOOOOOOCDW

[$,]

PROBOCWONDOARRETOROOIIONIRUITIONITINO

-

DOME C

Pres. WSpd
652 .
666 .
665.
656 .
651 .
648.
645 .
650.
667.
662.
664.
663 .
666 .
664 .
665 .
670.
661 .
650.
651.
653.
847,
645 .
644.
6843 .
642.
651 .
663 .
6850.
642.
640.
631.

POCUUDOrRrDUNOORE~ONIDIROLIRUDOPLODO S
EDO~ POV UDENONORNWLAUNWUOGO®OWMWNWD
AU ,ldlEDOIIOODROIROOIRPOROAINDIIN

653 .

o
»
[ ]

NOQOOUWD+rOoRROUWrFrPIOOWOOURRDDNDRO DLW

~

0ST
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OCT 81

DATE

OO UR QN -

NNNOPOODOOODODOLOORONORDOODOODOUR IO S

(=3

Pres.

751.
746 .
744 .
743 .
744 .
0999 .
099 .

999.
999.
009 .
741.
745 .
756 .
756 .
749.
289.
999 .
999 .
999.
099 .
2909.
899.
999 .
099.
099.
739.
299 .
734 .
739.
?37.

745.

CURNOVLODOOLCODPORCOVOON AN ~OODOOOOODR N

-

FOOONDOPROOCOROOPRONWRFOOOOOO L RNW

©

WiDir

175 .
179.
163.
154.
166.
999 .
099.
0909.
299.
0989 .
999.
130.
139.
153.
135.
129.
299
999.
999.
89989 .
900 .
909.
999 .

999.
8989 .
134.
999 .
132,
139.
124.

147.

»

LOVOC-POVLDOOPVOOPOVNENIFROODOOOO IV O

G'ﬂmiﬂatﬂatbOlD“lDO"#tﬂ&(DPCBGCDN€hO(ﬂNCﬂU;ﬂN

[~]

DOME C

Pres. WSpd
650.
648.
645.
642.
641.
640.
839.
643.
643.
638.
837.
637.
640.
645.
848.
839.
631 .
624.
626 .
628.
631.
830.
827 .
623 .
825 .
634 .
837.
631.
832.
634 .
829 .

CUOHrUWONNYNPD=FDO~URDUOUONIWOOORNIIODO®
CrHORFFRFHFOOFQHFNDFEPBOFHREHEHEDFEDOWWS O W
POVFFOFrFJOUWNDUWUOFRPROIITOONIWUNOO

6386.

»
-
'S

WiDir

199.
188.
191.

BO~O N0 OORDOARNWIOONODOOOL®R U OB 3

(<]

[A°]



NOV 81

DATE

©OIOND QBN -

o GO””OGOODOOOOOOOQOODOO@.GO-'OIDG##

744 .

MW OO PRNOOOPOOVOOCOODOOCODODOUN T WO Q-

o O“u‘QwODD@OOOOQOQOQOOOm\2.\7@0160-'@

WiDir

136.
148.
139.
141.
1585.
163.
173.
167.
899 .

999 .
999.
899.
999.
099 .
999.
999.
809.
999 .
909.
998.
099,
999.
098
183.
180.
171.
163.
136.
122.

1686 .

ORI PVNOOODVDOODOCLOOOOONNNOROOO

-

.8
.2
.3
.8
.3
.3
.3
.3
.0
.4
.2
.8
.3
.8
.0
.4
.4
-4
.0
.8
.9
-1
-1
-4
.8
-0
-0
-0
-8
]
.?

DOME C

Pres.

629 .
631 .
633.
633.
632.
830.
830.
6386 .
644 .
648.
646 .
641.
630.
639.
638.
831.
632.
637.
637.
633.
638.
846.
650.
852.
684 .
es88.
668 .
645,
6446.
646.

840 .

PO NO O ADOOO IR FOROONROOOWE O I

~3

VDEerOQUhARdrOR OO ~RWURDUONWWRL LW

CUUAODONOINOCRDNANONUOOUWUDRODWOW®LO

»
-

WSpd

WiDir

120.
187.
218.
247.
243.
216.
208.
186.
204 .
238 .
203 .

Qe RDODOD DD ™ DD =
FRO=ORINBUWROUWLRIDOOOM
COAIDNOrRDERONROIA DD

.

214.0 -

PNOPDORORN N AR O PO DFRODONDND® WD

EST
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JAN 82

DATE

DO G0~

QONHNrOOOOOFRIOM P DOWFOINNWDOO U D

9

D-57
Pres. WSpd
759.1 9.5
766.7 10.0
766.3 9.7
760.6 8.4
760.8 4.2
763.4 4.5
763.6 13.1
762.8 14.0
756.1 14.2
753.6 10.86
754.86 6.5
754.0 3.1
753.8 2.9
757.0 4.3
760.1 7.0
?57.9 6.0
759.3 4.1
761.4 8.1
759.6 14.1
759.3 15.7
999.90 99.9
990.9 99.9
9098.98 99.9
998.9 99.9
899.9 09.9
756.2 10.5
756.4 14.5
764.1 13.0
764.5 9.1
756.5 12.8
?767.4 12.8
758.7 8.9

WiDir

121.
118.
157.
158.
150.
129.
120.
140.
140.
141.
139.
126.
128.
184.
178.
152.
153.
154.
122.
136.
8999 .
999 .
999 .
909.
999.
136.
138.
143.
141,
138.
140.

139.

RO RUODDDDOORONUILVWANLOIOOD~OORIOO

©

Temp.

-7 .
-31.
~-32.

-33.
-30.
-31.
-25.
-29.
~-27.
-29 .
-31.
-33.
-30.
~-31.
-31.
-31.
-31.
-32.
-32.
~34.
~-35.
-34.
-36.
-34.
-35.
-33.

-34.
-36.

-32.

AEOURVDNOR I YOO HEOOHFLROOIOOOO D

“

DOME C
Pres. WSpd

652.
659.
857.
651 .
849.
681.
657.
662.
668 .
652.
650.
649.
648.
6490.
651 .
851.
650.
656.
657.
650.
654.
654.
664 .
650.
649.
650.
6565 .
653.
653.
656.
657.

VDO=DONIBIP OO I0ORROORWRBOTOWNND
PO RDORDRABRRR R RO R ROAWUEDOWD W -~
DI NYO= IO OO OOD R RO IOOOMNEO® W

853.

o
-
[

L3
-
=}
-
-

307.
270.
263.
277 .
R53.
329.
218.
205.
azl.
201 .
192.
140.
155,
176.
170.
199.
109.

341.
2286 .
204.
212.
176.
155.

284.
247.
143.
133.
139.

205.

RPN NOORNIONWINBRBONLIORBRDOOD RO

-

ST
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212.
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917.
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039.
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179.
181.
180.
1684.
144.
169.
166.
159.
159.
177.
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186.
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-43.
-47.
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~-37.
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999 .
-43.
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144,
172.

153.

QP OO UNQCOODONOWRODIO~UPOWWD O

=

Temp.

-58.
65 .
-86.
-66 .
-68.
-66.
-69.

-59.
-66.
-63.
~-63.
-62.
-86.
~-87.
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-85 .
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-54.
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-87.

-83.

BUDOINOPROOIRDNOVNRINOOO S 0TWHOMNF

@

DOME C

Pres. WSpd WiDir
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D-10
Pres. WSpd

930.
232.
937 .
945 .
945 .
231.
944 .
842.
044.
966 .
860.
887.
946.
847.
966.
938.
231.
039 .
926 .
026 .
028 .
028 .
232.
936 .
943 .
0949 .
939.
923 .
932.
935 .

11.
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939 .
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WiDir

180.
192,
182.
182.
ie1.
154.
187.
142.
138.
143.
127.
164.
126.
209.
134.

208 .
145 .
122.
129.
188.
172.
125.
244.
204.
198.
144.
1684.
1?71.
170.

©
~
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165.
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VOrFORPNOOUFAIN"VOWADOUDEOEORNODU O
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D-57

Pres. WSpd WiDir

744.4 4.5
743.0 4.8
743.8 13.3
099.9 909.9
999.9 99.9
742.6 13.8
750.7 14.1
750.6 9.8
753.1 8.1
763.9 6.3
788.8 6.0
768.0 7.7
759.4 6.1
760.2 4.2
767.1 4.7
?783.3 9.2
746.0 3.9
752.0 4.2
743.4 7.2
743.8 6.2
742.3 5.4
740.5 6.2
743.3 4.1
741.8 7.4
754.8 20.2
763.3 13.7
752.6 8.5
747.2 10.%7
999.9 99.9
999.9 99.¢9
762.1 5.8

136.
170.
180.
0999.
209.
167.
178.
145.
136.
182,
109.
182.
112.
169.
84.
32.
357.
40.
94 .
140.
169.
152.
130.
231.
189.
180.
148.
136.
999.
998.

150.

CONONOOROPRORWONORFOOROOURUDNOOOOO

]

Temp.

~81.
~70.
-70.
-89.
-867.
~-?71.
~-?70.
~-68.
~-?70.
-85 .
-43.
-49.
-43.
-49.
-35.
-41.
-59.
-42.
~-80.
-81.
-64.

-58.
-85,
~-61.
-56.

-70.
-87.
-58.

-59.

DRV ONDORPXRONOCOOORBIPRIDOIDOO -

<

DOME C

Pres. WSpd WiDir

631.6 0.6 219.0
630.9 3.2 179.5
637.5 1.7 186.%7
637.3 0.3 212.5
639.1 0.5 233.7
837.1 0.7 210.1
636.0 0.3 279.8
637.9 0.4 75.2
640.8 0.5 163.9
847.9 0.7 235.7
852.0 3.3 17.3
653.2 3.9 314.6
642.2 2.6 357.5
644.7 3.9 302.5
646.5 5.3 359.6
635.3 3.6 1.7
627.7 1.1 310.1
629.6 4.1 357.7
626.6 3.7 354.9
628.86 0.9 30.3
627.5 2.7 288.4
624.8 2.7 201.8
624.3 1.4 353.2
623.0 3.2 280.6
646.5 4.7 263.2
6490.9 4.4 2877.0
640.0 3.9 285.9
636.6 1.7 175.1
638.7 1.4 194.0
839.3 2.4 284.2
637.1 1.3 305.8

09T
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-19.
-16.
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D-10

Pres.

939.
952.
976 .
975 .
962.
958.
948.
941.
941.
038.
937.
045.
8490.
952.
059 .
958 .
866 .
844 .
044.
934.
0386.
940.
943.
034.
027 .
820.
918.
041 .
058.
981.
938 .

946

© VRO UROPRO"ODUNEIDNWODFONNIYIRARIROWRO® O

WwSpd

AR BANRLATN TS

*‘OC’QCHO‘DO!DD(DOC‘O;DG'04(’00.00~0>U-QMO*O!DG

[

WiDir

183.5
198.4
197.1
204.%
218.9
112.3
200.3
216.8
177.8
216.6
174.8
181.1
190.8
183.9
182.0
177.3
181.3
173.3
148.0
156.7
195.8
147.3
128.2
141.8
163.4
167.6
174.7
176.7
187.1
180.0
166.8

176.4

Temp.

009.
999.
8990
999
099 .
999.
2909 .
899.
099.
999.
999 .
900 .
-47.
~37.
-36.
-38.
8999.
800.
900.
989.
-44.
~-38.

-38

~-34.
~43.
-38.
-39.
-41.
-38.
-33.
-33.

D G0 rddo0RoO0000UlbtRdd0000CQOODO0Q

Pres.

999 .
999.
2999.
899.
999.
20909 .
889 .

781,

?80.

© VErORORORUOOOPTCOODRRFDPOODOODOODOD

D-57

wSpd

[ ©
=] ©
VRO DO+ UOTOOOOUINORNODOOOODOCOOD® ©

[ ]
-

WiDir

999.9
9909.9
999.9
909.9
999.9
999.9
909.9
899.9
999.90
999.9
999.9
900.9
184.2
179.2
175.8
179.5
999.9
909.9
999.0
999.9
176.6
154.2
147.8
14).9
174.8
143.9
172.1
183.8
183.0
178.8
176.2

168.8

Temp.

~-88.
-688.
-4 .
-31.
-44.
-33.
-40.
-57.
-66.
~?72.
-68.
-683.
-86.
-88.
-89.
-865.
-43.
-40.
-60.
-62.
-89.
-73.
~-87.
-88.
-89.
-70.
-87.
-683.
-57.
-87.
~64.

-58.

© NO NP DNOO~DUNLDIOHDODW-EOO~NURGW® G T

DOME C

Pres. WSpd WiDir

637.0 1.8 296.5
646.2 2.1 257.8
663.6 1.7 324 0
664.9 7.0 348.3
859.2 2.4 277.8
649.1 4.7 53.1
638.9 1.8 62.9
636.5 4.0 86.8
631.7 1.7 8.5
626.4 1.5 210.6
631.1 3.3 144.8
637.4 6.4 127.0
651.3 4.3 185.0
662.2 2.5 217.4
667.9 2.9 232.5
667.1 4.9 245.7
661.7 1.0 355.8
642.7 0.9 76.0
637.1 2.3 138.6
634.9 1.5 152.0
626.6 3.9 285.8
635.6 1.4 185.9
642.3 1.9 207.2
640.4 2.3 232.1
633.3 2.9 222.8
627.4 3.1 223.6
635.2 2.6 282.9
638.6 4.5 266.6
665.4 3.0 269.0
660.1 2.9 227.3
852.3 4.8 226.3
644.6 1.0 231.4
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18
19
20
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23
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25
26
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30

AVE

(= 000\1\7000N\?@@&UGMPGG\?#UQQO&GH(D@

D-10
Pres. WSpd

830.
914.
912.
2928 .
2928.
924 .
018.
211.
806.
819.
229.
918.
8923.
g21.
930.
942.
931.
9:7 .
g21.
929.
836.
014.
g22.
921.
2924 .
2921 .
916.
930 .
218.
802.

5.
13.
1.
11.
8.
4.
17.
19.
14.

o
BDONODOPOONOUB ORI WMG

=

Q" RO0000NIRORPBNWORBO-OOdWOO
bt

CRVNOONEOWNCOOOIORPRN~OOOQOUOrrOG®I

822.

[+ ]
[+
(7]

WiDir

156.
157.
176.
173.
171.
. 198.
149.
1687.
178.
179.
191.
196.
168.
148.
212.
182.
174.
185.
182.
184.
181.
178.
175 .
153.
172.
158.
172.
182.
161.
178.

171.

o

BOROO=ONCOOORRNOPON~ROROOOFWO S

PO IR UI AP~ A TNUNONTRNCROODOOEU P ®

'S

D-57
Pres. WSpd
738.4 6.5
?732.7 13.85
726.5 3.9
742.4 7.2
741.7 7.6
732.5 3.5
737.6 12.6
737.1 16.2
7290.5 13.1
735.6 8.4
740.8 4.0
7290.0 9.4
731.3 9.2
?731.5 5.1
736.5 9.1
748.5 13.2
743.8 11.9
?735.3 11.4
732.7 13.0
740.2 10.7
746.2 9.6
729.9 11.3
730.9 9.5
729.9 9.8
731.5 8.5
728.2 8.6
724.6 12.2
735.8 10.3
730.0 10.2
718.5 12.4
734.3 9.3

Wibir

141.
139.
133.
121.
137.
172.
138.
141.
145.
142.
187.
178.
170.
147.
178.
177.
172.
178.
178.
175 .
173.
171.
175 .
140.
148.
149.
158.
178,
157.
174.

159.

VRO LWCLUOUFROOROOROO~OIIBOR DLW

]

fTemp.

~-72.

-52.

OPrOOORNYIOIRNLNORDIAPOIRO=YNOODOOPOO+-0

©

DOME C

Pres. WSpd WiDir

624.1 1.6 154.8
627.4 0.6 142.2
6z22.8 8.6 117.7
8624.0 1.9 31.5
627.0 2.3 78.9
622.6 3.4 156.6
8629.1 1.1 179.1
636.2 4.4 73.8
632.4 2.6 69.7
8631.4 2.5 117.7
626.7 1.3 94.5
618.9 0.1 208.6
617.4 0.1 309.0
616.1 0.0 0.0
621.1 0.0 0.0
633.8 0.5 257.7
633.4 1.7 262.1
626.8 3.0 180.3
628.9 4.7 154.1
633.1 1.1 161.2
636.2 1.8 227.9
626.%5 1.2 285.0
620.3 0.0 0.0
619.3 0.0 0.0
622.5 0.0 0.0
624.0 0.0 0.0
621.8 0.0 0.0
630.1 0.6 138.4
629.0 3.6 192.7
623.6 7.3 182.3
626.2 1.2 144.7
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Jronp.

S -38.1
--24.8
-88.8
. -28.8

-32.7

N ®rOO0DRMOOOO--DRONYROOUS WG

AVE -23.

D87

Pres.

733.9
746.0
748.1

746.9 ]

746.3

743.0

743.4
743.8
?39.1
738.3
761,8
788.9
7586.4
783.8
781.4
750.1
749.3
748.0
742.3
741.9
743.6
749.8
766.4
763.8
751.3
754.3
789.9
761.8
756.8
788.9

749 .2

wspd

13.2

" DOME ¢

WiDir "Temp.

Pres. Wspd WiDir
176.4 -41.8 633.7 6.5 184.¢
116.7 '-40.6 639.0 - 7.5 187.Q
181.4 -43.9 647.1 4.8 165.8 .
183.6 -36.6 686.7 7.8 190.}) . -
178.4 -87.3°680.0 7.6 818.4 .-
146.4  -30.¢ 640.) 8.2 187.3 .
147.3  -80.8 645.6 7.4 188.4
142.3 . -¢).0 640.85 8.4 178.8
162.9 -43.2 638.4 4.8 176.4
148.9 -36.8 644.9 5.7 148.)
187.7 -55.3 651.7 5.2 125.3
136.0 -38.5 653.0 1.9 96.9
143.4 -40.3 683.6 2.9 137.7
142.1 -36.8 654.9 3.8 170.6
140.3 -56.4 653.8 4.8 161.}
184.2 -34.6 652.0 5.6 1768.4
148.0 -85¢.7 650.1) 1.8 221.8
166.9. -36.8 845.2 4.4 216.3
172.1  -858.7 643.6 8.4 195.8
167.7 -39.1 645.4 3.8 182.7
147.0 -87.3 651.1 3.0 168.8
134.4 -35.5 654.2 4.2 134.65
140.8 -34.5 654.3 1.9 68.8
150.8 -54.2 648.8 1.7 208.4
143.7 --33.9 646.4 1.8 97,4
142.3 -88.0 649.8 6.1 51.4
141.0 -82.0 653.2 4.6 12.1
140.2  -34.0 655.0 2.8 304.8
136.4 -34.6 653.7 1.1 200.2
138.7 -32.7 652.7 0.6 195.7
147.8 -37.1 648.9 3.0 168.1

i
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DEC 82

DATE

L - N

CONODROOIFUNOROPDINITODNOONU QWO OD

[

Pres.

759.
745 .
761.
766.
780.
764.
767.
759,
767 .
781.
768.
768 .
759,
759.
753
759 .
782.
781 .
7686.
763.
?61.
781 .
782,
764.
787.
764.
780.
765 .
766.
783.
9990.

762.

OO AONDCUROYIL = R RDORNLWUOTONTRGME IS

[=]

ONPONCOEOENDNOR SO OOONTOCNDN® I 3

»

140.
126.

160.
137.
131.
118,
130.
156.
173.
183.
173.
142.
142,
128.
116.
140.
138.
141 .
145.
141.
145.
157.
173.
169.
156.
138.
136.
121.
127.
999.

140.

CRONVFROOONOROODNDOEINLOIDODNOOD DL OO

~

ONVWOOPUPOPWOOO~DWNDNUWLWFONITWRIIIO=B IR

o

DOME C

Pres. WSpd
654.
650.
650.
653.
648.
653.
657.
654 .
654.
657.
664.
865 .
662.
663.
662.
662.
866 .
667.
668.
663.
859.
657.
654.
657.
663.
662 .
656.
660.
664.
662 .
999 .

COOrOOOFUORNOCOURFRUOROIFOOODOO UMWY~

©
CORVIPIOURD VIO FLURNOVDINIRDNFDNOOROD W

QPR PUWARADRAINUOOODOLPDPARP U ULBOUNRO -

669 .

5]
-
<

WiDir

288.
169.

276 .
259.
130.

300.
216.
224 .
220.
198.
1861.
142.
135.
112.
111.
123.
112.
212.
172.
210.
223.
254.
206.
220.
161.
65 .
_278.
265.
999.

182.

CORUNTNIDOROCURODNORIWOLUDNOODOIODRDIINDO

(=}

991
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FEB 83

DATE

CONOOR QD

Temp.

-0.
-1.
-4.
-3.
-0.
-1.

-2,
~-2.
-1.
-1.
-2,
~1.
-82.
-2.
-3.
-4.
-8.
-7.
-10.

-13.
-13.
-13.
-8.
~9.
-9.
-11.

999.
209.

CORIORINONOOO YWD FDOROIUN BB

<

D-10

Pres.

954 .
957.
89567 .
860.
965 .
965.
267.
959.
963 .
9665 .
860.
957 .
954 .
851 .
963 .
940.
943 .
947.
945 .
948 .
053.
8564 .
952.
9563.
964 .
850.
958.
969.
959 .
299.
2999 .

955 .

CONOd I TUWORODARODUDPDORIIWA-OOOONDD

© ©

-3

8.
12,
12.

7.

4.

2.

2.
10.
18.
13.
13.

©
o

COONOCUWINRORIRVORRPUOPPROIRWORIBROOGD

-
PONOO®OOLO® D

137.
139.
156.
160.
149.
113.
169.
119.
119.
120.
134.
100.
119.
106.
132.
136.
145 .
161.
177.
178.
174.
172.
169.
173.
144.
163.
159.
152.
154.
999 .
969.

145.

WSpd WiDir

CONVDNIVOROFOUDOWUWTWRWDUWT DO D O g

[~

COURODNMARONOCIIWRNNVOOOQIODRODEO O

[~}

Pres.

812.
8l4.
812,
815.
821.
820.
822.
8165.
811.
822.
818.
813.
810.
808.
811.
800.
801 .
8065.
803.
802.
804.
806.
804.
80§5.
818.
808.
810.
810.
810.
969 .
809 .

COVNNPWLRO R OIRNONRDINIIDLRTOIRINDRO TN

o

-47

WsSpd WiDir

CORONEIBIIITNO PO JONDAODDDOTD 0O DO

o

136.
143 .
144 .
143 .
143.
136.
142,
130.
112.
109.
135
111.
136.
109.
135.
132.
140.
145.
170.
175 .
173.
176.
167.
182.
154.
143.
181.
172.
173.
999"
2999 .

143.

CORIYrORDNODOP P PO EOOIOROORANWOO WM

o©

POV RPEDVN PO r OB DORPROR-N e ROO

-]

Pres.

758 .
760 .
758 .
760.
766 .
764 .
766 .
761.
758 .
767 .
764 .
757 .
785 .
754 .
756 .
747 .
747 .
750.
749.
747 .
747 .
748 .
747 .
749.
759 .
753 .
754 .
764 .
754 .
999 .
099.

766 .

DOV AINOHIOINJOOONOI~B IONWROIOO® ~©O

©

QO NOUFWUrEFRIUDDIVONLPORPROOLUNDO O

[+

WiDir

133.
138.
143.
138.
136.
133.
141.
130.
108.

132.
112,
136.
122.
133.
132.
137.
138.
180.
174.
175.
177.
185.
163.
l144.
140.
143.
170.
172,
2899 .
999,

140.

VONDWOTCO-URNOURONRARWARATTIRDUNDONRIOW

»

999.

COR -0V OUFrODWOROWOOEDIEIPUNDRDIQOOOW

[=]

Pres.

719.
723 .
722 .
722 .
77 .
725 .
726 .
725 .
722
729.
7a7.
718,
716 .
718.
718.
712.
710.
713.
711.
708 .
709 .
709.
707 .
709 .
717.
714.
713.
714.
714.
999 .
999 .

POOPOLIWURRF FWOOUWDRRCLRLOOODORILLD O

o}

L

-

© ©

D-80

o
v

QOLAUWARDPLTODORID=JIOONOIONOPNOI®O I®
QO UARONPOEFR O OFROQOBWHR OWNEIRO O W

131.
128.
151.
137.
137.
134.
168.
1386 .
109.

81.
124.
129,
137.
132.
134.
132.
145.
148.
173.
172.
170.
177.
180.
161.
159.
154.
158.
183.
185.
999.
999 .

141.

WSpd WiDir

CORONWOPUPONIVD-YIOONOUWIONIDOOOD N N

»

891



MAR 83

DATE

COIONd QL+~

e et e
IO R RIN~O

19

Temp.

I
1 -
o o
Utﬂ&(ﬂuﬁ)o!ﬁmi-OIb"“"QGODDCAOF‘OﬂJWOF‘wG

-13.2

D-

Pres.

856 .
954.
958 .
957 .
963.
861 .
983.
951.
943.
861 .
966 .
952.
047.
048.
942.
944.
945 .
937.
942.
9465.
038.

P R R R T R L L Y Tt e A

10

WSpd

- -
ONBrO~~0

et b -
(-]
O ChOMDADOR VIO ILNDOR=HROOWOORORO ™R

[ g

e
R=]

-
OO

~“RQOLWEOOBOOOOD

.180.

WiDir

185.
172.
176.
170.
170.
174.
171.
154.
169.
176.
170.
168.
174.
170.

173.
174.
169.
178.
168.
171 .
170.
179.
143.
181.
177.
178.
179.
1686.
137.
143.

@ SOV OOUY™NUUNORODURANRODONOIOONO D O

167.

Tewmp.

-24.
-28 .
-24.
-21.
-21.
-25.
-28.
-29.
-24.
~-23.
-24.
-28.
~37.
-39.
-29.
-28.
-29.
-26.
-27.
-R7.
-30.
-30.
-26.
-18.
-19.
-24.
-24.
9990.
099 .
-19.
099.

-28.

© CROOCRAAONOUIOUOOINYIIRNOCOROOUOO®GEN

Pres.

808.0
806.9
810.1
810.5
818.0
812.0
803.2
801.1
800.0
805.9
806.3
805.4
800.3
798.1
794.5
796.3
796 .2
790 .8
798.6
798.4
790.9%5
794.0
796 .5
786.4
7904.9
8068.6
815.6
999.9
099.90
807.

999.9

801.1

D-47

WSpad

8.6
12.8
12.7
11.0
11.0

9.0
11.1
11.8
14.0
10.3

7.8
11.3
12.6

9.4
12.8
.3

4

9

8

]

8

7
8
6
2
2
3
9
9
4

10

10.
12.
17.
11.
10.

7.

6.

8.
14.
18.
17.
88.
09.
18.
89.

10.

9
9

WiDir

181.
173.
174.
168.
165.
176.
172.
169.
150.
163.
177.
171.
187.
169.
149.
181.
172.
145.
174.
174.
175.
162.
164.
134.
138.
170.
176.
9989.
999.
138.
099 .

163.

N ONOO~RRDFAONOCOONOONIOWNOORRUNDDD O~

. -32.

Temp.

'
[%]
©

-32.
~29.
-286.

!
]
~

-34.
-33.
~-30.
-27.
~-32.
-36.
~-33.
-36.
-34.
-35.
-38.
-34.
-38.
-34.
-398.
-36.
-34.
~-24.
-24.
~-30.
-31.
999.
800.
999.
999.90

PCOVODVRORNANNR DD OFWRWONDORMUID ~JIN

~-38.4

Pres.

750.
749.
753.
754 .
7569 .
7665 .
746 .
744.
745 .
749.
?749.
749 .
744 .
741 .
738.
?39.
738.
734.
745 .

~
[ o
©

734 .
736 .

~3
[
©

?31.
741.
754 .

766

099.
999.
999.
089,

748.

*®» DOVOCPRFMOLARONDONIOIRNUWOWRDOWWNRDO D X

D-57

wspd

-
D~ O 7

-

- -
PORAIDODOVDOODOONINOOO®O

W!DOGDQObG(DO(DGO‘&'QW(D@(”O*Q&‘d;<QQ

- g g
oo
O -

09.9
99.9
09.9
89.9

9.7

WibDir

180.
1?71,
170.
159.
160.
175.
160.
l42.
139.
141.
177.
178.
166.
185.
151.
162.
168.
140.
178.
1?71.
175.
l44.
141.
131.
131.
170.
176.
989.
999.
099.9
909.9

COROPDORNOOIOICOPOOOUID~OTLUNLOO

160.8

Temp.

-39.
~-43.
~42.
-38.
-40.
-42.
-46.
-46.
-45.
-41.
~-46 .
-47.
-47.
-49.
-50.
-48.
-48.
-45.
-45.
-44.
-49.
-80.
-81.
-40.

-33

-40.
~-36.
-31.
-40.
-39.
-27.

i~} QOO0 OrRINO~ROUWR LR URURORE WE O

D-80

Pres. WSpd

709 .
709.
715.
717.
720.
713.
706 .
704 .
706 .
709 .
707.
709.
7086.
701.
699 .
6989.
698 .
897 .
709.
703.
695 .
696.
608.
604 .
708 .
719.
724 .
713.
710.
718.
719.

BIYIONIDRE RO~ IIOPROROE~OOODOU O
RO OWRODUWR I A INFPORNOOOROR U b ]

VDONWROODANNRQOOOAOIORUDNIAODWNTO N

<
[+
~2

707.

ViiDir

190.
177.
172.
1685.
180.
189.
172.
166.
161.
164.
182.
179.
167.
171.
174.
162.
169.
151.
175.
180.
176.
168.
172.
134.
134.
172.
181.
149.
146.
140.
119.

VCUUOOCORUONOILXRROO+HIDA=EORdOOO WG

164.

-

691
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PO DOONADOO NN AN IO SN R B DOD -

«

D--10

Pres.

261 .
956 .
943 .
964 .
956 .
863 .
967 .
0684.
964.
247.
982,
942.
843 .
945 .
941.
948 .
251.
968 .
836.
037 .
946.
952.
957 .
@52 .
864.
976.
982 .
072.
870.
971 .
967.

966.

OO R RAODOOROD NN AR hOYIWORNODON O

©

WSpd

7.
5.
13.
156.
8.
10.
13.

P OO UBIODODOTNPNOS NODRRID DD O - b

[=]

1686.
187.
168.
174.
187.
187.
172.
170.
143.
133.
121.
183.
187.
181.
170.
178.
148.
159.
164.
158.
164.
150.
169.
171
175.
177.
170.
171.
170.
181.
214.

165.

PRIOOPADPOXROROUWOOU DR~ NORNNNOIDO IO

m

FOQORONDORO IOV FOROROONDD IO~ DO

w»

D-a7

Pres. WSpd WiDir

812.1 13.4 174.6
807.8 7.5 180.3
794.7 13.4 172.8
814.9 13.1 174.7
805.8 17.1 176.5
809.9 18.1 178.1
817.8 15.9 177.6
814.8 15.3 177.1
804.1 10.1 163.9
797.1 15.4 152.8
800.8 13.1 147.7
7986.2 15.7 142.4
796.6 11.6 153.1
796.3 10.1 142.2
795.5 12.2 156.5
798.1 15.1 176.6
802.2 19.0 141.0
806.8 13.8 149.2
790.2 17.8 162.4
790.7 14.9 157.2
797.4 14.3 161.8
801.0 13.5 168.4
802.1 11.0 171.9
803.1 13.8 171 .4
812.1 14.0 175.1
827.6 15.7 173.3
833.8 18.9 176.1
826.1 19.4 175.4
826.4 17.1 172.2
827.6 12.1 174.3
813.1 7.8 183.¢9
807.5 13.7 166.9

Temp.

999.
999.
999.
989 .
999 .
29909.
999.

999.
999.
999.
909.
999 .
899.
999.
999 .
809.
899.
099 .
990.
999 .
999 .
999.
099.
999,
9909.
2909 .
9990,
999.
999.
999 .

999.

VOOV OVDDROOPDOPVOVOOVORDOODOOODODOLO OO

©

VOOV DVIOLRDDPODOOOPOPOOPOOOOOOOD® D O
©
©
VOVOOOVOPDODODDOOPOPOOPODDOOPOODOO DO

gssrs

299.
999.
999.
999 .
2900 .
9909 .
999.
990.
999.
999 .
869.
900 .
999.
999 .
999.
099 .
889.
999 .
999 .
999 .
899.
999.
099.
999.
899.
2999 .
999 .
899.
999.

999 .

84.

VLOOODPOPVOODQRIOVOPOTCOODPODODLOOCOOD DO

2]

~-39.
-36.
-39.
-46 .
~-37.

~-47 .

WNOUVODONODWITONIOROO DD NWE =D W

o

D-80

Pres. WSpd WiDir

718.0 6.0 180.4
708.7 2.2 188.9
702.1 9.5 176.9
719.3 8.2 178.7
714.2 9.9 179.2
717.3 7.2 183.0
724.2 6.9 182.9
720.1 5.9 178.8
707.5 6.6 174.6
703.3 9.4 173.0
703.9 6.3 172.8
702.8 4.0 176.6
701.9 4.2 180.7
699.8 4.8 179.4
?700.3 6.3 176.6
704.1 7.1 179.4
?710.4 9.0 156.7
714.0 7.9 168.5
701.86 9.0 175.1
698.3 7.9 174.0
703.7 7.0 178.2
705.5 7.4 179.1
700.9 4.0 173.8
?707.1 5.2 182.4
719.0 8.6 172.7
736.5 9.2 177.8
741.4 9.3 179.4
736.4 8.9 178.9
736.5 6.3 182.1
732.6 3.3 186.8
714.6 0.4 251.2
713.1 6.8 176.8

TLT



~Jun 83
DATE

O® IO D

Tomp.

~18.
-18.
~-18.
-16.
-1%.
-84,
-84,
-18.
~11,
-1k,
-18.
-10.
-13.
-13.
-19.
-1?.
-18.
-1}.

-8.
--11.
-14.
-18.
~-18.
-18.
-14.

-8.

-8.
. -18,
-25.
-23.

-18.

h OO UDDOIRORRNSDO RO IOROOIDL OO ™D

= D-10

Pres. WSpd

838.
948.
863.
968.
983.
0490.
9%86.
960.
062.
-1-1- 8
048.
833.
929.
930.
943.
960.
087.
871.
97?,
971.
963.
960.
968.
974 .
085.
285,
969 .
943.
9886 .
985,

988

OCNODRWURUOLIVDSAOUBAAOORADBm PO IO~OWE®ON

-

Lo - i
POV AMIVOOARRLONDO SO

<

-
GOV ABIR~DOD

0 PROPrEYOOPDOARODDFDORRORDOEIRSD

Wwibir

144.
183,
157.
180.
180.
173.
168.
132.
137.
172.
168.
161.
175.
118.
174.
188.
171.
165.
130.
132.
156.
137.
130.
160.
162.
179.

179.
166.
1582.

0 P OPODOOCBIPOLOROOCABADD G e b Bt

181.

Temp.

-a8.
-30.
-26.
-28.
~-29.
-39.
-386.
-24.
-83.

-83

~-28.
-283.
~-26.
~-23.

!
a
®»

-31.
-88.
-25.
-16.
-17.

(A
SR
~ O

09

099.
099.
-80.
-18.
-30.

|
[
o

~-386.

~286.

N ORONOODOROmNRROODORG TNOD®m—dEdge

- D-47
Pres. Wspd
782.4 9.
796.8 @
812.1 4
808.9 &
801.5 8
796.2 12
803.3 11
809.8 11
813.4 15
806.1 11
797.6 11
788.4 10
786.6 11
792.8 6
793.2 8
810.5 18
817.8 12
821.4 13
828.2 10
823.3 12.
812.9 16.
818.7 18.
969.9 09
699.9 99
9090.90 99
820.4 17
823.8 11
763.4 13
800.4 13
802.5 14.
806.1 10.

© OrOTOOOONIDODOIORNOPOOONO DG BL®

WibDir

9989.
999.
999 .
173.
179.
184.
le8.
168,

-
<
-3

-] PONOODRORNIBOOOOROONRAIARADOD

161}.

Temp. .
-48.
~-52.
-48.
-36.
-64.
-54.
~-88.
-81.
-37.
-87.
~-40.
-40.
-48.
~-48.
-B38.
-44.
~-44.
~45.
-836.

-38

-36.
-42.
998.
-39.
~34.
-39.
-35.
-43.
-54.
-68.

-44.

» s:ob~:qoucoohcwvﬁumtqo»u»ummo‘owo

D-80

Pres. wspd

6906.5
698.4
708.2
706.1
702.0
699.8
706. 4
713.1
716.7
709.8
703.2
606.1
892.3
603.90
606.8
716.1
?721.3
7a8.7
733.2
729.4
723.2 1
7a3.2
990.9 0
722.3
738.1
744.0
787.0
6908.4
?708.1
704.9

718.1

L8]
.}

NOOVONINOOOODTNSEIONDIRNEORAODS DWG
PRI OR " JTRUNBIOIDINNOD OO N LG~

WiDir

157.
177.
318.
303
178.
179.
181.
175.
128.
142.
144.
147.
177.
163,
181.
103.
184.
187,
177.
152.
149.
156.
0909.
141,
182,
180.

183.
173.
164.

1690.

D OOV OWNIDO0 RO ON~wODOOANODOORWORD

LT



JUL 838

DATE

VW D NS I P =

Temp.

|
L
7]

-81.
-23.
-87.
-36.
-24.
-1,

-8

-37.

t
»
[*]

-16.
-6.
-8.

-18.

-17.

-19.

-1a.

-84.

-28.

i
-
3

-21.
~-32.
-82.
-31.
-26.

|
©
<

-31.
-38.
~31.
~-21.
-19.

TR DROPCODID M DADOAD YOI ~ODOD W~ OQ

-32.

D-10

Pres. Wspa

066.
9489,
981.
087.
962.
967.
963.
946.
948.
048.
047.
949.
987,
040.
948.
848.
948
945.
084.
944.
943.
981.
946.
939.
036.
033.
934.
935.
946.
948.
935

047.

@ BNYNOD OO RO ROITORORO™DERNW -

-

{

ook ot

- b !
NOCODVO ORI IOIIOCRDIPOPIrOADTRA®

-

L

+

© UPDIOWARNTIDO DO IO I0DDD = DD T oo

WiDir

136.
146.
178.
16a3.
178.
179.
179.
164.
121.
183,
i41.
107.
137.
173.
174.
170.
168.
1?7,
188.
131.
194.
180.
180.
17a.
137.
170.
181.
188.
180.
l42.
144.

N QO NO= oDV DORBROURDDEI®sONOOOD

159.

Temp.

- -88.
-3a.
-38.
-38.
-87.
-38.
-38.
-87.
-37.
-83.
-28.
- 908.

999.
999.
099.
909.
909.
909.
9990.
999.
999.
990.
999.

900.
099 .
9909 .
809.
-48.
~-34.
-29.

-38.

[ Bt R -E-N-B -3 -N XXX -N-¥-N-¥ N -N-N-E.-N- N W RE EEF" N

-t

Pres.

808.
798.
797.
800.
8086.
810.
802.
702.
790.
700.
798,
969.
009.
999.
999.
999.
099.
299.
999.
999.
999.
999.
999.
999.
999.
299.
999,
999,
797.
797.
788.

798.

N oD NOOODDOCOOCOPOPODPODUIPINODRD=~O©

999.
999.
0909.
909.
999.
090.
999.
009.
999 .
069 .
900.
099 .
180.
149.
140.

162.

O WroPdoooORDOODORDOODOIND®O

Temp.

-58.
-81.
-67.
-87.
-86.
~-54.
-83.
-582.
-54.
-68.
~-81.
-33.
-34.
-47.
~-64.
-59.
-80.
-60.
-85.
-50.
-84.
-54.
-87.
-69.
-84.
~88.
-680.
-84.
-84.
-80.
-49.

|
[+
<}

VLEONYOoOURIIDOPTIADD~ORPOODODIOADDLOM

-

??é&- Wspd

710.
708.
700.
703.
708.
718
706 .
698.
803.
804.
?03.
709.
718.
708.
704.
702.
6990.
692.
695.
699.
698.
706
695.
684.
686.
681.

[=] Q#PQ.&O&\IWUOOOQQOQ@OQWGO#QO@QOOO‘

683,
694.
700.
698 .

NONOYITOoNLOoONQODUDROODLOIOERDODIOTTN
CONOOOF YOO NONWSTODWIDOONW=d b

699.

[}
®

WiDir

174.
188.
178.
177.
183.

187.
181.
176.
171.
149.
106.
139.
1?7.
177.
181.
183.
176.
185.
102.
178.
181.
177.

139.
154.
176.
177.
179.
173.
148.

187.

COrOOANODORNOOODUAPOIDEROE VDS NDNMNDM®

]

ELT



AUG 83

DATE

OOITOUE WL~

- et e g
OO d IO

17
18
19
20
21
22
23
24
25
28
27
28
29
30

AVE

Temp.

-18.
-21.
~-24.
-26.

999.
~-24.
-24.
-18.
-14.
-18.

-11.
~15.
-17.
-24.
~-30.
~R27.

-28.
-26.
~20.

-12.
-16.

-14.
~14.
-16.
-21.

-20.

COOrrFRrOWUERrOOWNIDRUODIOOODORID D

3

D-

Pres.

929.
p4ad.
p4l.
950.
952.
299.
927.
939.
939.
932,
946.
062.
953,
956 .
957,
942.
949 .
953 .
957.
958.
957.
962.
975 .
266 .
954.
971 .
9684.
960.
965.
9586.

953 .

QAUADVDVNOIVWORPROPRLUYIWrFOBTIOOIDOON OB

[=}

10
WSpd WiDir

157.
169.
1686.
1886.
156.
9908.
143.
144 .
152.
146.
184.
180.
136.
128.
168.
156 .
l48.
137.
136.
139.
194.
143.
129.
137.
180.
157.
147.
170.
177,
171.

-
VDODOCROWIA QUL TWITO®

-
IPP'(D@I#\7(00‘\7"‘@#WQ#O"‘U’OU’NQU‘NOWGQI&"J

OO NIRDNDODWNOOIDNOEORDIOWO~OWE~O®

ol

~
©

154.

o

-41.
-37.

RO VPONO™DN RO ONOFO~OOBO ™D

<

Pres.

782.
793.
788 .
794 .
800.
999.
776.
787 .
791 .
786.
798 .
811.
805 .
804.
803.
789 .
788 .
797.
798 .
802.
803.
809.
822.
807.
804.
817.
815.
811.
814.
804 .

801.

NOFDROODOROFODOU R JOOIbOONDHOD

-

FR N NANOUNO R ETUORDNDO R ROOO®D DW O

»

WiDir

142.
158.
176.
178.
174.
099.
173.
163.
141.
140.
174.
181.
140.
134.
185.
173.
183.
172.
177.
175,
179.
161.
1556.
134.
159.
1586.
166.
178.
177.
165.

NoOoOo~ O UidOWhWROOOHOODIDHWRO MG~

163.

4]

Temp.

~45.

-85.
-55.
-82.
999.
-57.
-56.
-55.
“44.
-54.
-54.
-44.
-37.
999.
-85,
-50.

-52.
-55.

-54.
~44.
-35.
-45.
-49.
-47.
-47.
~47.
-47.

~-49.

W QoOd+rHoWWOoOANDIOONIOIDBDND O = D w

©

Pres.

692.
695
693.
700.
707.
999.
682.
690.
697.
893,
700.
?13.
700.
7086 .
099
895 .
899.
703.
704.
707.
705.
713.
72z,
713,
?10.
719.
719.
716.
719.
712,

705 .

GRDUDRDNODLRORPOTVOR VO RO TODOOOED O

3

wWSpd

=

© -

COROIDWIOIINDOOONGO .

QR AOO™PR-HUNOIRRODOIOPROROOOOI=WUw

O™

~
'Y

WibDir

147,
161.
177.
179.
179.
999
171 .
172.
173.
156,
183.
204 .
1587.
120.
998 .
177.
170.
174.
174.
179.
182.
177 .
172.
136.
166.
176 .
179.
184.
i82.
177.

170.

DE P QORI OODDNOROOIUIRAONOD G W

©

VLT



. SEP 83

=4
>
-
t

©® I DM R -

Teﬁp.

-19.
-18.

J
©

N ONOBDOBTOIODENOEPDERB S BDG=MO-Jh0 DO

-10.
-18.

1t
® 33

-12.
-81.
-20.
-30.
~19.
-17.
-18.
-10.
-11.
-18.
-14.
-17.
-a3.
-23,
-19.
-18.
-13.
-186.
-14.
-18a.
-15.
-20.
-81.

-18.

P-10

Pres.

962,
e68.
946.
988.
089.
970.
969.
965.
9e5.
940.
943.
981.
949.
988.
o973
973.
983.
94l.
e37.
937.
935,
941.
94l.
940.
945.
946.
951.
93¢.
933 .
930.
930.

949.

k4

O DNOL»RNAOAIOODOROO=RNOWUROOOAODOD

Wwspd

16.6
18.8

-
Go
o<

Lol ol

-
BOOOIODO D OO IONOOUBDDS IS

o

[ d [ ol

»
e OAORJOWOAODEOIROODL M 0= Y.

-t
[~}
- Qo

10.4

Wibir

140.
139.
138.

183.
212.
188,
147.
188.
148.
157.
149.
178.
150,
14¢.
110.
129.
169.
186
188.
1685.
173.
176.
146.
189.
185.
146.
141.
154.
189.
160.

188,

N 0000000000000 0ROWRCORNORATOO~D®

Tomp.

-31.
-26.
~-81.
908,
~-82.
-198.
~-80.
-19.
-24.
. —30.
9980.
~-30.
-31.
-89.
-28.
-18.
-20.
-87.
-25.
~-29.
-34.
999.
999.
-285.
9909
909.
089.
-28.
-85.
-30.
209.

.\7 PCONPODO OO S BN UIOCRAOOIBIIVDOOBND

- D-47

Pres.

809.
811.
808.
099,
811.
886 .
823.
818.
799.
788.
999,
?09.
768 .
808.
820.
8283.

794.
794 .
790.
784.
909.
999.
703.
099.
099 .
2989.
791.
786 .
783,
969.

804.

CONOLOOUOO AP P I-DOIIOR-UROOTO - O d

-

WSpd

14.2
19.0
21.1
99.9
14.7
121

9.9

8.8
13.3
15.8
99.9
18.3
20.4
16.9
1.2
18.8

8.1
10.3
15.3
14.8
15.9
99.9
99.9
15.9
99.9
89.9
90.9
17.6
14.6
13.6
99.9

12.9

WiDir

1368.0
134.
129.
999.
186.
188.
182.
168.
178.
172.
999.
148.
180.
146.
144.
126.
136.
187.
188,
171.
175.
989.
299.
122.
090
999.
999.
181,
142.
146.
299.

QO DUORYDPOPOOA™VIrUROOO=DOOODN=EDO W~

184.

. ~44.

T-82.

Temp.

-83.
~38.
-32.
200.
809,
999.
099.
299.
099 .
999,
989 .
999.

-41.
-39.
-28.
-28.
-41.
-48.
-47.

-64.
~-54.
-43.
-38.
-47.
-44.
-38.
-43.
-61.
-81.

QAQrOoPRdERWRRI " JOOUIRO= YOO OOOOOOOO AR

~43.9

Pros.

710.6
718.5
711.6
999.9
999.9
999.9
999.9
900.9
099.9
999.9
990,90
999.9
718.0
715.8
723.3
726.6
710.8
899.7
702.7
698.9
803.1
694.1
696.8
703}.1
702.0
700.0
702.9
702.8
696.3
689.7
689.2

703.8

11.

6.
8.
8

a.
7.
8.
8.
6.
8.
7.
3.
3.
3.
6.
8

7

6.
6.

D'Oi\)ﬁ'@@\20-'0&O\?QGU’GOOmﬁyiO/OOOOQO@QGO

»

178.
144.
154.
184.
169.
138.
1685.
176.
176.

156.

DWIUINDRUNIIAPDOURVNBDOTOOODODOOODOOD

-]

SLT



CETOU P WD

g
WPeo

15
l6
17
18
19
20
c1
22
23
24
285
26
27
28
29
30
31

AVE

BOOR DO FOROBOROP - JONIRO~OQRE JmO I

[ 2]

D-10

Pres.

818.
923 .
042.
833 .
942.
934 .
827.
834.
034 .
837.
943 .
938.
855 .
958.
958.
961 .
970 .
085.
949.
840.
840.
946.
834.
939 .
241.
945 .
929.
028 .
940.
839 .
937.

941 .

GRXOVOOIPDOIRNIOCRTNOONOODNDB =Dl ]W

<2

-

-
OO D= b ~omD

CUNODLWUOOWROMOCOWD P YIROWURWOFIROD

Wspd

-]

WiDir

176.
1886.
170.
151.
177.
189.
179.
175.
171.
171.
181.
152.
178.
176.
142.
155.
141.
144.
1681.
137.
140.
140.
159.
168.
164.
169.
158.
1386.
143.
158.
174.

160.

DO UV WANODOURODNNOROORARNOTIONGD IO

-4

Temp.

999.
9989.
999.
-31.
-31.
-33.
-386.
-37.
-36.
-35.
-35.
-26.
999.
-30.
29989.
-28.
-27.
-27.
~-31.
-31.
-28.
-26.
-27.
-30.

~26.
~24.
-25 .
-26 .,
-26.
-26.

-30.

DPUROPUOHRPRRAOOCODONOHORDDDWOO+ OO

[«

D-4%7
Pres.
099.9 99.9
809.9 99.9
999.9 99.9
782.4 11.1
791.4 6.8
785.2 5.8
778.2 12.6
782.1 10.8
784.1 12.2
787.1 14.1
793.1 11.8
791.6 13.5
8090.9 99.9
807.7 10.6
999.9 99.9
813.5 13.4
817.1 13.4
813.8 13.7
799.5 14.4
788.9 11.1
791.8 9.0
796.4 7.3
787.2 11.7
790.0 8.3
702.8 7.0
796.9 7.5
786.7 13.8
783.1 12.1
792.0 7.2
792.4 10.3
789.2 9.4
782.6 10.1

999.
809 .
999.
143.
172.
194.
173.
173.
177.
178.
176.
142.
999 .
172.
9989.
162.
168.
1684.
171.
143.
122.
136.
138.
153.
1486,
157.
150.
139.
126.
154 .
174.

159.

WSpd WiDir

CEAV IOV IOIDNOOORO = IR OO0 DO

[+ ]

Temp.

-54.
-57.
~-59.
-48.
-48.
-51.

~-56.
-52.
-51.

-48.
-46 .
~41.
-41.
-44.

-47.
-43.
~-42.
999 .
999 .
999.
999.
999.
999 .
999 .
-41.
999.
899.
999 .

-49.

PCOOOODOPOCOOOUWOVOROODNRUORBADWORO

]

D-80
Pres. WSpd
675.5 6.7
8677.4 9.7
688.8 3.4
688.6 3.9
691.3 1.3
685.8 3.2
683.7 5.8
685.98 6.3
689.1 7.1
691.6 8.3
695.9 6.0
699.2 8.0
?710.86 7.8
718.8 7.8
713.7 8.2
716.2 8.6
721.9 8.0
718.8 6.5
706.3 8.1
694.4 12.9
999.9 99.9
989.9 99.9
989.9 99.9
989.9 99.9
999.9 99.9
999.9 99.9
989.9 89.9
693.9 13.1
999.9 99.9
999.9 99.9
999.9 99.9
897.4 6.8

WiDir

177.
168.
171.
161.
185.
186 .
180.
178 .
181.
179.
178 .
158.
178.
178.
166.
168.
171.
177.
173.
143.
999.
809.
999.
999 .
999.
999.
999 .
147.
099.
999 .
999.

170.

VORI VOVODVOOOONNONFFDNROLIOUNDDO IO

[+<]

9LT



NOV 83

DATE

CORNOOR AN~

O CNROIDIOOPNUDNOPOOD R IANRD—~INDDD DO

D--

Pres.

938.
2942,
946.
943 .
947.
953 .
964.
971 .
963.
952,
048 .
952.
953.
950.
e51.
045 .
942.
951 .
847.
983.
952.
041 .
856 .
880.
941.
043.
938.
948.
848.
045 .
945 .

849.

DO =ONOOODE R~ WNOWLFLUDOODOORBOS O I

(7]

10

-

-

POOROVADRR NN NNIOCRWONUERDIOOO
DNV IVNAPINOOIPRRIDORADLDIDINTONO

(4]
©

Wwspad

WiDir

181.
152.
176.
144.
183.
196.

-
©
©

126.
128.
138.
135.
147.
127.
130.
137.
163.
163.
164.
172.
166.

102.
284.
206.
199.
18%7.
140.

209.
149.
.0

148

163,

OO DO NN NOD R IGO - IDOPO PO PIID DO

n COCOCO- PO PO ORONRONRTONIO~SDORROW

D-47

Pres.

789 .
794 .
796 .
795 .
800.
805 .
8185.
822.
816.
807.
805 .
807.
808.
801.
801 .
797.
794 .
802.
800.
805.
805.
797.
807.
803.
794 .
7986 .
794.
801.
799 .
708.
798.

802.

NVRODROOORWROUORININUIOOWIDOWS D

(=]

-]
[~}

NP OUNOWOENOVIONDOD IO EEWRAD -

HOdPpONNWOOORIAND

WSpd

WiDir

178 .
154.
171.
154.
156.
179.
177.
1256.
136.
139.
143.
148.
141.
150.
146.
158.
161.
146.
161.
158.
1286 .
118.
291.
216.
170.
172.
137.
163.
187.
143.
141.

162.

O OROPORT U ROOBDUORPRDONINIODNU IO

LLT



DEC 83

8
»
]

ORNOOS QD -

Temp.

©
| ©
o

290 .
9989.
909.
099.
999.
999.
2989 .
099.
989.
099.
8969 .
899.
999.

NN
ONRLPOIOAARIDON IO

® PPV DPOPOVOOVONDOO OO D IDOORIOBD DD

D-
Pres.

943.6
943.4

-939.1

942.8
948.8

"941.4

944.8
960.6
956. 4
062.4
989.1
936.8
981.8
962.6
954.8
955.8
999.9
953.9
999.9
999.9
999.9
909.9
999.9
999.9
999.9
909.9
990.9
999.9
999.9
999.9
990.9

850.2 7.

10

wspd

18.

£

-
RO ODPDOROAIORED IO

P PP O OO PO P O RO OO DN RO~NROTADAD G OO

9

© o
© ©

OO0
[-N--8 -]

99.
89.
99.
099.
89 .
89.
890.
e9.

WiDIr.

181.
182.
188.
168.
140.
143,
148,
166.
117.
173.
164.
141.
132.
108.
214.
18%7.
990.
128.
999.
209.
909.
209.
909.
209.
999.
9990.
009.
990.
990.
209 .
200.

¥ 0Q00QUOO0OCOOOODAOUL-DNORLALLRODLEDRDO®

147.

Temp.

-820.
-18.
-18.
. -18.
-18.
-13.
~-18.
-16.
-18.
~-18.
-18.
-18.
008.
0889.
299.
809.
999.
999.
0909.
-10.
-10.
209.

299.
999.

-9.
0998,
999.
969.
909.
9990.

~-18.

O COOPOCRPOOVOONVNOVOOVCOOOPRRAOIO~DND

Pres.

800.
799.
796.
708.
808.
800.
801.
808.
810.
815.
81a.
811,
9990.

099.
299.
989.
999 .
9909.
7998 .
?786.
990.
999,
990.
909.
821.
999.
099.
299.
009 .
009 .

805.

0 COPPOPUODPDOO™POPOOPODOOONONDDRORAD ™D

D-47

wspa

PO PO NPT OO P OOOOODOONRRDO O DB~ OW

-

999.

142.

® COOCVOROOPVORNOOCDDOOCOIDNOEE LD

8LI



JAN 84

PO~ RRIOOROOOOOODOD O

DATE Temp.
1 999.
2 909
3 999
4 999
5 9099
6 9099
7 989
8 999
g 9989

10 8989
11 999
12 999
13 999
14 -4
15 -3
16 -2
17 -2
18 -
19 -0
20 2.
21 1.
22 1
23 o]
24 0.
285 -1
26 -2
27 -1
28 -1
29 -1
30 -2
31 -2
AVE -1

™

D-10
Pres. WSpd
9990.9 99.8
899.9 99.9
999.9 99.9
899.9 99.9
999.9 99.9
999.9 99.9
909.9 99.9
999.9 99.9
899.9 99.9
989.9 99.9
909.9 989.9
009.9 99.9
999.9 99.9
957.9 9.6
982.3 8.7
965.1 4.4
965.7 6.0
958.1 8.6
988.2 2.2
969.6 4.4
965.5 7.7
964.6 5.2
867.0 3.6
g62.4 2.9
959.3 2.8
9890.1 4.1
961.6 8.4
961.9 12.4
969 .4 11.2
876.9 5.9
978.5 4.9
885.2 6.0

O ONRPORDORARUODODIONDOIOROCOTOOOOOCOOOOO

»

CQUVOOOOWURPDOPUORIPNOONDINDROODOOO O DD

@

824.
829.
829.

820.

OO P LRI ROTDNOERONRDODODOOOCODD O

-

—

-

=

-
[ W=

-]
(&)

CUUPOCODODOOON

-
HONE NN
CUNOODR™ON+YPODWDRORONDODDODODOO

999.
999.
999.
099 .
009.
999 .
990.
2909 .
999 .
2909 .
117.
143,
142.
126.
122.
136.
139.
120.

180.
156.
136.
144 .
137.
123.
125.
133.
138.
134.
149.
133.

134.

OO~ FLUOOADWUWIONYNYIFLROOOODODOOOD

»

RN OVNOROREB~ U RO OWNOOOND® W ®W B

(=}

D-57

Pres. WSpd

759.
759.
765 .
745 .
7658 .
756 .
757.
783 .
764 .
780.
763.
?763.
757 .
768.
761.
764 .
766 .
763 .
?76%7.
?71.
768.
7686 .
767 .
762 .
7658 .
758.
761 .
764 .
769 .
773.
773 .

- -
CROOOIOONIVNOCOOONNIOIROONI-OUORROGBO

BN DOOONINNROWRERDNOIOODIBDWAROW®O
HFOROODRRNN~TOOBRWOPOOTWWNDPRPOOIWD =

762 .

2
2
w

WiDir

122.
108.
132.
133.

113.
79 .
116.
119.

113.
139.
139.
127.
li8.
131.
131.
118.

180.
162.
138.
141.
134.
125.
120.
132,
132.
132.
141.
129.

125.

COLNOPRNIONUNOLWOORRRPIO P IOCOLWONNFDO TN

=2

Temp.

999 .
999.
069 .
999.
999.
909 .
999.
999 .
899.
999 .
999.
999 .
999.
999.
999.
0909.
999.
899.
9909.
2899 .
999.
999 .
999 .
~-30.

~-30.
~28.
~-32.
-32.
-33.
-32.

~-31.

ONDODQUOONDDQOODDOLDOOOLOOLCOOWEODOO O

[«

Pres.

999.
999.
099 .
999.
999 .
999.
9909.
0989 .
999.
999 .
999 .
999 .
909.
999.
999.
999 .
2999 .
999.
999 .
999.
999.
999 .
999 .
661 .
658 .
656 .
656 .
659 .
662 .
666 .
663 .

660.

OCPDROVNDMFODDODOLCOODOOOOOODOOODO DO O

6]

DOME C

WSpd WiDir

O YDV ORJOVDLCOOOOLLDODODODLOOW®WDO©O®©

[}

999.
999.
999.
999 .
999 .
999 .
999 .
999.
999 .
999.
999 .
999.
999 .
999 .
999.
999 .
999.
999 .
999.
999 .
999 .
999.
999.
178.
167.
146.
346.
54.

273.
279.

181.

NpOUAIOONODODLOVOCODOCODCOOROOODOOOD

(<]

6LT



FEB 84 : p-10 " p-47 D-§7 DOME C

DATE Temp. Pres. WSpd WiDir Temp. Pres. WSpd WiDir Temp. Pres. WSpd WiDir Temp. Pres. WSpd WiDir
S | -2.3 978.3 6.8 137.0 -13.2 826.6 8.7 131.8 -18.8 770.8 7.8 128.1 -34.6 662.1 2.4 273.68
2 -2.9 970.3 6.1 130.4 -13.4 823.5 8.9 135.7 -16.5 768.1 8.4 137.8 -34.4 662.8 2.9 258.8
3 -6.2 068.7 8.1 133.7 -16.7 821.0 0.9 145.2 -20.3 765.4 8.3 145.8 -36.2 661.23 2.7 230.2
4 -6.3 861.3 0.3 187.3 -18.0 815.3 11.5 140.3 -22.8 760.2 11.1 137.8 -35.7 658.5 1.5 204.6
8 -4.4 966.2 6.2 134.86 -16.7 818.7 9.6 140.0 -21.4 763.3 9.2 135.8 -35.0 661.9 2.0 137.68
5] -3.1 9656.9 13.4 135.0 -14.3 813.9 14.7 128.8 -18.9 760.4 13.0 128.4 -35.1 662.8 1.5 148.1
7 8.4 048.5 16.9 138.0 -13.9 807.8 18.6 122.9 -18.3 754.4 13.4 126.5 -34.7 658.1 2.1 142.4
8 -1.0 963.0 16.6 142.2 -12.8 813.0 14.0 132.0 -16.9 760.0 11.5 131.1 -34.9 657.7 1.0 27.1
9 ~4.8 060.0 10.1 162.7 -17.3 814.8 10.1 140.5 -31.6 750.6 9.0 181.1) -35.5 653.8 0.8 210.6
10 -6.2 960.7 0.6 147.2 -10.5 806.0 10.7 133.1 -24.7 750.8 9.9 130.3 -30.4 646.3 0.5 188.0
11 -6.5 649.9 9.6 170.6 -20.3 805.7 9.8 142.4 -25.4 750.2 9.6 138.1 -41.2 645.0 0.7 119.9
18 -6.2 852.8 7.2 172.8 -190.3 808.1 8.5 150.1 -24.9 752.6 6.2 144.8 -41.2 644.6 1.1 78.5
13 -6.7 963.86 4.6 167.8 -19.2 808.3 6.8 145.9 -23.0 768.1 4.1 120.3 -39.8 643.3 0.6 328.1
14 -7.1 987.9 6.6 177.7 -20.7 811.4 8.4 193.3 -26.2 764.6 6.1 172.6 -43.2 643.8 0.9 244.4
15, -6.7 860.0 7.8 137.2 -16.9 814.0 10.7 120.7 -21.8 758.4 7.9 133.4 -46.5 647.3 2.1 282.1
18 -7.3 964.2 10.0 145.2 -18.4 808.7 12.9 133.1 -22.1 754.0 10.0 128.2 -45.3 647.2 2.4 274.)
17 -6.5 984.1 6.2 140.8 -19.6 808.5 10.4 148.4 -24.0 763.4 8.2 148.1 -44.4 647.1 1.7 235.7
18 -8.7 046.0 12.7-164.0 -21.5 B0R.7 13.8 151.0 -26.3 748.9 10.9 147.9 -40.8 844.0 1.1 302.9
19 -7.8 960.0 6.1 168.1 -20.85 811.8 7.2 145.1 -26.3 755.4 5.8 143.8 -42.0 641.9 1.3 327.%
20 -8.1 956.3 6.5 143.8 -20.5 809.6 7.8 128.8 -23.5 762.9 6.4 100.8 -42.3 642.3 0.3 80.2
21 -7.6 867.0 8.1 171.6 -R0.1 811.4 ©.8 166.0 -24.3 756.0 8.1 173.9 -44.0 643.8 1.4 330.8
22 -10.2 953.1 7.8 147.8 -23.1 806.5 13.2 153.5 -28.4 751.8 10.6 167.1 -49.7 643.7 3.2 2867.6
23 -13.8 946.6 13.7 1623.1 -26.4 803.4 15.6 163.8 -32.2 748.8 12.3 162.3 -51.8 643.1 3.1 226.3
24 -5.8 903.2 16.6 1423.2 -18.2 794.3 16.9 124.9 -23.8 741.8 15.0 125.3 -52.6 643.8 3.9 157.2
25 -4.0 039.0 16.3 137.6 -15.2 798.2 18.90 119.0 -19.9 745.7 158.8 121.0 -43.2 646.7 5.7 104.9
26 -7.0 884.3 9.9 184.9 -18.2 808.9 10.8 135.7 -22.3 ?53.7 10.1 131.7 -42.0 646.8 2.4 47.5
27 -?7.0 ©50.1 12.8 165.8 -190.1 806.5 12.0 136.9 -21.9 751.3 11.2 126.2 -47.1 647.2 0.8 178.1
28 -8.8 9561.6 B.2 172.6  -20.7 806.0 11.8 149.4 -26.0 751.3 11.0 143.5 -50.5 646.1 1.4 171.9
29 -9.5 850.7 10.4 1590.4 -21.4 805.0 10.8 133.7 -25.8 749.6 10.0 126.5 -46.3 841.5 1.5 63.7
30 9990.9 009.0 09.0 9909.0 809.0 000.90 99.9 989.9 9009.9 008.0 99.9 980.9 -46.1 841.3 1.5 60.1
AVE -6.28 954.7 9.3 1850.3 -18.4 800.9 11.0 139.1 -22.9 758.0 9.4 137.8 -42.0 649.1 0.5 197.5

08T
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