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Abstract: A study was made of ice crystal precipitation in austral summer 

1978-1979 at the South Pole from analyses of data of meteorological observa­

tions, in which low-level micrometeorological elements were measured by con­

ventional apparatus and high-altitude elements were measured by radiosondes. 

The result shows that ice crystal precipitation can be classified into "clear sky 

precipitation" and precipitation from clouds. The latter plays a dominant role 

in net accumulation of snow at and near the South Pole. In this case moist 

air masses move inland in advective flow along the surface of Antarctica from 

the Weddell and Ross Seas and cool down to form stratus-type clouds from 

which ice crystals fall at the South Pole. The former, on the other hand, 

presents an interesting phenomenon, as ice crystal precipitation falls from a 

clear sky. This study has disclosed that it originates in a layer which is 

supersaturated with respect to ice, located slightly above the ground surface, 

and too thin to be identified as a stratus cloud. It will be sufficient to consider 

that the former represents a short-life transition from the absence of precipitation 

from a clear sky to precipitation from clouds and v. v.; hence, it cannot play 

an important role in net accumulation of snow there. 

1. Introduction 

Atmospheric ice crystals at South Pole Station have been studied since December 
1974 to clarify their mechanisms of precipitation and their influence on the Antarctic 
climate. Because ice crystal precipitation is the only way to remove water vapor from 
the Antarctic atmosphere toward the inland ice sheet, some knowledge of formation 
mechanisms and rate of precipitation is necessary to understand the budget of atmo­
spheric water vapor. 

Atmospheric ice crystals, which are frequently observed in the polar regions,. 
were observed on 317 days out of 360 days in central Antarctica (KUHN, 1970). But 
the amount of water vapor is very likely limited, because the source mostly originates 
in and is transported from the surrounding seas. 

It is known that net accumulation of snow totals annually an equivalent about of 
5 to 10 g of water per unit area at the South Pole, but the mechanism of precipitation 
onto the South Polar Plateau is still open to question. HoGAN (1979) indicated 
that the highest concentration of aerosol particles over the South Polar Plateau was 
found in the lower layers immediately above the surface inversion layer and they were 
transported there from the seas. Meanwhile, SCHWERDTFEGER (1969), who estimated 
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the amount of moisture which produces ice crystals at the South Pole, suggested that 
an explanation was given by warm air in advective flow from lower latitudes thereto 
as an adequate source of ice cystals which were formed as the air cooled down. 
Moreover, LAX and SCHWERDTFEGER (1976) reported that the occurrence of ice 
crystals at the South Pole was associated with winds from 225° to 45° in azimuth� 
which caused warm air flow to rise along the slope. 

The occurrence of ice crystal precipitation near the snow surface under the 
apparently cloudless sky is not rare in cold regions. This precipitation has been 
reported by !Too (1951) in Manchuria, by OHTAKE and JAYAWEERA (1972) in Fair­
banks, Alaska, and by OHTAKE and HoLGREN (1974) in an Arctic coastal area. 
According to RUSIN (1964), ice crystal precipitation from a clear sky may account 
for 20 to 30 percent of the annual accumulation of snow at Vostok Station, East 
Antarctica. But their mechanism of formation is not always clear. 

It is then indispensable to look into what multiple effects ice crystal precipitation 
has on the mass and heat balance. In this connection, RUBIN and WEYANT (1963) 
studied the mass budget of the Antarctic atmosphere, which represents a consistent 
pattern of outflow in the lower troposphere and inflow in both the upper troposphere 
and lower stratosphere. This conceptually simple model is in agreement with a 
postulation from an ozone transport value (WEXLER et al., 1960) and with the result 
of an analysis of daily upper-air data over different sectors of the continent (KuTZBACH 
and SCHWERDTFEGER, 1967). 

The authors' current research into Antarctic ice crystals, which has been continued 
over four years, is near completion. The data of atmospheric ice crystals at South 
Pole Station were obtained by 0HTAKE and INOUE (1980) and were used to work 
out a hypothesis describing meteorological mechanisms responsible for transport of 
water vapor to the South Polar Plateau. The results are summarized as an intro­
duction to this work. That is, ice crystals are formed in the following three different 
layers in the austral summer: 

l )  High-level clouds (cirrus; cirrostratus): large assembled-bullet ice crystals ( one 
mm or larger in size). 

2) Middle-level clouds (altostratus; altocumulus): combined ice crystals in the 
forms of side plates, bullets and columns (about one mm in size). 

3) The lowest-level atmosphere between the snow surface and the altitude of 
500 m, which has no visible cloud layer though accompanied by fractostratus some­
times; ice crystals in the forms of thin hexagonal plates and columns (smaller than 
0. 2 mm in size). 

A series of investigations reported here was carried out from November 1978 
to January 1979 by measuring low-level micrometeorological elements above the South 
Pole as well as making high-altitude observations by radiosondes, in an attempt to 
find mechanisms of ice crystal precipitation at the South Pole and its vicinity. 

2. Humidity Measurement 

It has been pointed out that at South Pole Station the radiosonde gave lower 
values of surface humidity than the dew-point hygrometer in situ. The authors found 
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out that the difference derived from not having adjusted the radiosonde to the altitude 
of the South Pole, 2854 m above mean sea level. Hence, before the ascension of a 
balloon a correction was made in the radiosonde humidity element calibration so that 
this altitude was taken into account. As a result, the radiosonde showed almost the 
same value as the hygrometer. 

To confirm the radiosonde data above South Pole Station, the authors performed 
seeding experiments using dry ice pellets suspended from the radiosonde balloon 
in the same way as KIKUCHI and HOGAN (1976); the experiment made it possible to 
detect vapor supersaturated with respect to ice, where dense ice contrails issued forth. 
Calibration of the humidity element was made possible by a comparison between 
the height of supersaturated layers obtained from radiosonde observations and the 
height obtained from seeding experiments. 

The result of a radiosonde observation conducted on December 28, 1978 is, as 
an example, transferred to a Skew-T, Log-P diagram in Fig. 1, together with the 
result of a seeding experiment done at the same time that is shown in the column of 
the figure noted as DRY ICE. In the figure, solid circles correspond to temperatures 
(T); open triangles and open circles correspnod, respectively, to apparent mixing ratios 
(Ti) calculated from atmospheric pressures and temperatures and real mixing ratios 
(Td) obtained by correcting the observed humidity altimetically. 
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Fig. 1. The result of a radiosonde observation conducted on December 28, 1978 plotted 
on a Skew-T, Log-P diagram. Each full bar of the wind symbol represents 5 m/s. 
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In the column noted as DRY ICE there are three shaded layers, where the dense 
contrails were observed. Upon correction for humidity sensor hysteresis, close agree­
ment was found between heights of the contrail layer measured from the seeding 
experiment and the supersaturated layer calculated from atmospheric pressures, 
temperatures and humidities above the South Pole. A discrepancy at the bottom 
layers does not contradict the previous statement, because it is attributable to the 
handling error resulting from a failure in adapting the humidity sensor thoroughly 
to the atmosphere before radiosonde ascent. Therefore, the authors concluded that 
the humidity data obtained from the radiosonde observations at the South Pole are 
fit for analysis. 

In attacking the problem of ice crystal precipitation it is natural to introduce 
the idea of precipitable water in a vertical column of air. The volume dWP of liquid 
water equivalent to an air column of depth dZ and a unit cross-sectional area is 
d WP = r · p · dZ, where r is the mixing ratio and p is the density of air. Upon sub­
stitution from the hydrostatic equation and then integrations, 

f P2 d�=(l/g)f
r2 

r ·(-dP ), 
P

i Pi 

where g is the acceleration of gravity. Thus, the depth of precipitable water WP (mm) 
in a layer of given pressures between P1 and P2 is obtained by evaluating the average 
mixing ratio in the layer. 

Ice crystals grow within a moist layer supersaturated with respect to ice. Such 
a layer is nearly equivalent to a cloud layer. Then, suppose that the amount of water 
vapor in it is larger than the amount of water vapor saturated with respect to ice 
under the present air pressure and temperature. Subtract the latter from the former, 
and we have a residue. The residue serves as a measure of the existence of a cloud, 
which will be transformed into ice crystal precipitation. For making the meaning 
distinct, the authors will use the term "precipitable ice" instead of precipitable water. 

3. Results 

3.1. Sur face meteorological observations at the South Pole 
Very little is known of ice crystal precipitation and cloud distribution in both 

coastal zones and interior regions of Antarctica, because no means has been devised 
to record precipitation there, precipitation onto the continent falling almost entirely 
as ice crystals or snow. An ordinary snow gauge is effective only when the ambient 
air is calm; when it is not, the gauge is not effective, because drifting and falling 
snow particles enter the gauge. Alteration of flow due to the presence of the gauge 
itself also affects the measurements. Difficulty in determining whether or not snow 
is actually falling increases the uncertainty of the results. Although this problem 
was too difficult to solve perfectly, a fair approach was adopted to detect ice crystal 
precipitation at the South Pole as follows: 

The concentration of ice crystals was continuously recorded at a rooftop about 
10 m above the snow surface from December 7, 1978 to January 10, 1979 using an 
acoustic ice crystal sensor (OHTAKE, 1976), which is so structured that ice crystals 
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smaller than 20 microns in size, which represents the size of fog droplets and air 
pollution particles, do not trigger the sensor. Moreover, an ice crystal replicator, 
originally designed by HINDMAN and RINKER ( 1967), was employed to record the 
shape, size and concentration of ice crystals. The concetration varied widely by as 
much as four orders of magnitude during the observation period. The maximum 
'SUM. UO!l'BllU��uo� roughly ten crystals per liter of air on December 26, 1978. 

The meteorological conditions at the South Pole are shown in Fig. 2 by time 
sections of various surface elements measured at intervals of twelve hours from 
November I, 1978 to January 23, 1979. Air pressure, air temperature, and both the 
easterly (U) and northerly (V) wind components were obtained by C.S.I.R.0. ; relative 
humidity (R.H.) was obtained by the authors using a dew-point hygrometer about 
5 m above the snow surface. 

Judging from measurements both with the acoustic sensor and by eye, whether 
or not clear sky precipitation occurred was determined. When occurrence was 
confirmed at a routine observation time, it was indicated by a vertical broken line in 
the bottom frame of the figure. 
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Fig. 2. Meteorological surface elements at the South Pole from November 1, 1978 to January 
23, 1979 are shown by time sections. 

3.2. Clear sky precipitation at the South Pole 
For a study of "clear sky precipitation" it is necessary to elucidate the structure 

of water vapor in the low troposphere. In effect, a conventional radiosonde rising 
at a speed of 4 to 6 m/s was found not fit for a detailed study of the structure of 
water vapor near the snow surface. Then, the authors conducted eleven detailed 
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SOUTH POLE 

11 DEC. 1978 0300Z 

Fig. 3. A Skew-T, Log-P diagram shows the shaded area of clear sky precipitation 
detected by a detailed radiosonde observation at 0300GMT, December 11. 

75 

observations using radiosondes, filling the balloon with helium gas to only half its 
volume. Of the eleven trials, only one was able to detect clear sky precipitation. 
This rarity results from the short lifetime of ice crystal formation, say, several hours. 

Plate-type ice crystals were precipitated from a cloudless sky, which had an ice 
crystal concentration of about 10- 3 per liter of air at 0300 GMT, December 11, 1978. 
This clear sky precipitation was detected successfully by a detailed radiosonde 
observation, as shown in Fig. 3. A layer shaded from 740 to 675 mb in the Skew-T, 
Log-P diagram supersaturated with respect to ice. The layer had a thickness of 
roughly 400 m. The amount of precipitable ice contained within the layer was 
equivalent to 0. 014 mm of water per unit area. It is, therefore, natural to consider 
that the existence of a layer supersaturated with respect to ice near the snow-covered 
surface constitutes a necessary condition for clear sky precipitation. 

Figure 4 shows the humidity fields, expressed as a linear relation of height vs. 
mixing ratio, before, during, and after clear sky precipitation, which was calculated 
from routine radiosonde observations. As for the weather, the sky cleared up with 
no precipitation falling from a cloudless sky at 0200 GMT, December 10. Then ice 
crystals began to fall from a cloudless sky at 0200 GMT, and stopped at 0600 GMT 
on the 11th. Ice crystals were precipitated from altostratus and cirrostratus after 
1100 GMT on the 11th. During the precipitation, halos were noticed. The cloud 
amount was two-tenths at 1100 GMT, the routine observation time. The altitudes 
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Fig. 5. A sea-level pressure chart at 1200 GMT, December 11, with a 
thermal wind direction within the level from 600 to 300 mb 
shown by an arrow. 
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of cloud bottoms, which were observed routinely with the naked eye, are shown by 
arrows in the figure. 

As can be foreseen, a sequence of precipitation can be elucidate by the existence 
of layers supersaturated with respect to ice; no precipitation from a cloudless sky; 
precipitation from a cloudless sky; precipitation from clouds. They imply, re­
spectively, the absence of a layer supersaturated with respect to ice; a thin layer 
supersaturated w ith precipitable ice equivalent to 0.014 mm of water per unit area; a 
thick layer supersaturated with precipitable ice equivalent to 0.024 mm. 

A sea-level pressure chart at 1200 GMT on the 11th is shown in Fig. 5 .  It is 
seen that a polar anticyclone, characteristic of Antarctic meteorology, was dominant 
over the interior core region. 

Figure 6 shows a hodograph of geostrophic winds in the troposphere when clear 
sky precipitation occurred at 0300 GMT on the l lth. A hodogram segment between 
600 and 300 mb shows a special feature of a straight thermal wind vector. That is, 
the thermal wind direction and thermal wind speed (Cn)g within the layer bounded 
by the two isobaric surfaces can be computed to be constantly 5 0° in azimuth and 
4. 9 m/s, respectively. Isotherms which veered into an easterly direction from 600 to 
300 mb indicate that a cold air mass moved in advective flow from the interior 
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Fig. 6. A hodograph of geostrophic winds in the troposphere with clear 
sky precipitation at 0300 GA1T, December 11 .  
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region to the South Polar Plateau. The authors consider that a little water vapor 
was contained in the air mass, which was transported over a long distance across the 
highest interior region from the Indian Ocean. 

When ice crystal precipitation occurred from a cloudless sky and from a cloudy 
sky, both the geographic winds and the thermal winds became gradually weak and 
eastward. In case of precipitation from clouds at 1100 GMT on the 11th there were 
lighter westward winds and smaller vertical wind shears between the 650-500 mb 
lever and veering winds aloft, northwest of the main northeasterly current below and 
the cold advection current above. Meanwhile, during the precipitation from clouds 
at 2300 GMT on the 11th, the winds backed up more westward indicating a warm 
advection air current. Therefore, the wind variation aloft may be a cause of the 
difference in precipitation from a cloudless sky and from clouds, cold and warm 
advection prevailing respectively. 

Four routine and one detailed radiosonde observations which detect clear sky 
precipitation have been selected, and the results tabulated in Table 1. A thin layer 
is supersaturated with respect to ice near the snow surface in every precipitation 
case. If a larger amount of water vapor in a supersaturated state with respect to 
ice is contained in such a thin layer, the layer can be identified by the eye as clouds. 
It is, therefore, concluded that ice crystals fall from a thin layer supersaturated with 
respect to ice or a pseudostratus cloud, which appears cloudless to the eye. 

Films taken by an all-sky slow-motion movie camera indicate that immediately 
above the horizon around the South Pole there was always a small amount of stratus, 
say, less than one tenth, when clear sky precipitation was detected. This phenomenon 
may be associated with the thickness of the layer supersaturated with respect to ice. 
At locations without stratus clouds the layer may be too thin in thickness to be 
visible. If the layer with a constant depth covers a wide area above South Pole 
Station, its thickness varies in appearance with respect to the angle of the line of 
vision; namely, the layer looks thicker horizontally than vertically. In other words, 
the layer looks like stratus if the line of vision is horizontal, but less so, as it deviates 
from the horizontal. 

Table 1. Various items to be taken into account for clear sky precipitation at the South Pole. 
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3 .3. R egular precip itation from clouds at the South Pole 
Some difference is considered to exist between the formation mechanism of clear 

sky precipitation and that of regular precipitation from clouds. 
Snow showers from stratus clouds were observed after precipitation from a 

cloudless sky at 0000 GMT, December 24, 1978. Temperatures, mixing ratios and 
winds aloft are shown in Fig. 7 in precipitation cases from altostratus covering three­
tenths of the sky at 2300 GMT on the 24th and from overcast altostratus at 1100 GMT 
on the 25th. Both cases lasted until the 27th, with drifting snow driven by strong 
6 to 8 m/s winds one m above the snow surface. 

As shown in the figure, both temperature and humidity increased greatly every 
twelve hours. The same tendency was observed in the case of precipitable ice within 
shaded layers varying in depth from 0.007 mm at 2300 GMT on the 24th to 0. 087 mm 
at 1100 GMT on the 25th .  The shaded layer came to be saturated with respect to 
water near the 650-mb level immediately below the temperature inversion layer at 
1100 GMT on the 25th, wh ich was remarkable in austral summer at  the South Pole. 

There were two polar anticyclones over Antarctica, which formed a trough in 
the NW direction on the surface chart at 1200 GMT on the 25th, as shown in Fig. Sa. 

A thermal wind with the constant wind speed of 1 . 5 m/s at a level from 600 
to 350 mb is derived from a hodograph of observed gcostrophic wind s and shown in 

500---

SKEW -T  CHART 

Fig. 7. A Skew-T, Log-P diagram shows temperatures, mixing ratios and winds aloft at 
2300 GMT, December 24, and at 1100 GMT, December 25. 
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25 DEC. 1978 

1 2 00 2  

Fig. 8a. Sea-level pressure chart at 1200 GMT, December 25. The thermal 
wind direction is shown by an arrow. 

SOU T H  POLE 

25 DEC. 1 978  
1 1  00  Z 

9awt- - - - -r -- --f- - -- -1, · ')- - - - --t- - - - -j - - -- -t 90"E 
1 

10 20 30 

I ( m/s ) 

I 
I 

-i-
� OBSERVED W IND 
__..,. THERMAL WI ND 

I 
+ 
I 
I 
I 
I 

_j_ 
I 

180" 

Fig. 8b. Hodogrnph of geostroplzic winds from 600 to 350 mb with 
precipitation ji-0111 clouds at 1 !00 GA1T, December 25. 
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Fig. Sb. As is obvious from Fig. Sa, the thermal wind points the cyclone over the 
Weddell Sea. 

A postulated mechanism of precipitation onto the Antarctic caused by air mass 
subsidence (e.g. , KIKUCHI and HOGAN, 1976; KATO and HIGUCHI, 1979) could partly 
apply to a change in temperature profiles . If the temperature profile F to K (solid 
line) at 2300 GMT, subsided by 80 mb, it changed to the profile F' to K' (broken 
line) in Fig. 7 ;  this profile corresponded to the temperature profi le 350 mb at 1100 
GMT. This layer is attributed to the subsidence of air mass corresponding to the 
straight thermal layer wind from 600 to 350 mb. 

Although the temperature profiles in Fig. 7 bring about precipitation at the South 
Pole, a further insight can be gained by including humidity data aloft as well. 
The mixing ratio aloft must be decreased or conserved wh ile a single air mass with 
or without saturated air subsides. In Fig. 7, however, the mixing ratio increased 
rapidly, which introduces another mechanism of precipitation. 

3.4. Mean humidity and w ind fields ab ov e the South P ole 
For examining the mean humidity field above the South Pole during the austral 

summer, the time section of the profile of the residue, which is represented by the 
mixing ratio, was calculated from routine radiosonde observations, as shown in Fig. 9. 
Water-rich layers supersaturated with respect to ice mainly exist from the surface 
2854 m above mean sea level (altitude of South Pole Station) to about 4000 m as is 
evident from the figure. 

The strength of precipitation seems to be closely related to the total amount of 
precipitable ice in a vertical column of air. The precipitable ice in the profiles of 
the residue, which is represented by the mixing ratio was integrated, from the snow 

--, � .i 
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Fig. 9. Time section of mixing ratio profile. The amout of precipitable ice is shaded as follows : 
(1) : mixing ratio from ice saturation to 0.1 g/ kg; 
(2) : maxing ratio from 0.1 to 0.2 g/kg ; 
(3) : mixing ratio from 0.2 g/kg to water saturation. 
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surface to the tropopause, and the result shown in  Fig. 10. Every twelve hours the 
amount of precipitable ice varied from zero to 0.3 mm. Broken lines show dates 
of occurrence of clear sky precipitation as mentioned in  Section 3. 1. In the bottom 
column open and a shaded spaces show dates when the cloud amount was not larger 
than one tenth and not smaller than two-tenths, respectively. The frequency of occur-· 
rence of a sky that cleared up, with the cloud amount not larger than one tenth, was 
about 25 percent during austral summer 1978-1979 at the South Pole. Therefore,. 

the frequency of occurrence of clear sky precipitation is  estimated to be about one 
third the number of occurences of a clear sky both in  cases with and without 
precipitation. The cloud amount shows a good correlation with the amount of 
precipitable ice; the presence of precipitable i ce in a vertical column of air cor­
responds to the frequency of occurrence of cloudy weather. 
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Fig. 10. Time series of precipitable ice and the cloud amount. 

"Cloudy days" , whose cloud amount were more than one tenth, appeared at more 
or less fixed interval. According to a spectral analysis using data at Mizuho Stati on, 
which is about 300 km inland from Syowa Station, East Antarctica, a predominant 
period lasting three to four days in surface meteorological elements such as atmo­
spheric pressure, temperature and wind speed is  attributed to synoptic-scale dis­
turbances passing the coastal region near Syowa Station (INOUE et al. , 1978). Air 
masses with precipitable i ce seems to be associated with the behavior of eddies. 

An inspection of the mean geostrophic wind will provide useful information on 
an air mass in  advecti ve flow. The wind rose at 500 mb, which is  representative of 
geostrophic winds aloft, is shown to have two patterns in Fig. 11. One is  based 
on all data throughout the three months from November 1978 to January 1979; the 
other is  based on selected data only, obtained when weather cleared up during the 
same months. It i s  obvious that the latter shi fts considerably to the east compared 
with the former; generally speak ing, predomi nant winds aloft blow from the NW 
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Fig. 11. Two kinds of wind roses at the 500 mb surface : one is based on all data from 
November 1978 to January 1979; the other is based on the selected data only 
when the sky cleared up during the same period. 
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(from the direction of the Weddell Sea). On the other hand, when the sky cleared, 
winds blow from the NE (from the interior region). 

Water mass flux is plotted against wind direction at 500 mb, as shown in Fig. 12. 
Solid and open circles indicate the existence and the nonexistence of layers super­
saturated with respect to ice, respectively. The direction shaded, pointing to the 
Weddell Sea, abounds in solid circles, which imply the transport of wet air masses 
associated with precipitation. It is assumed that wet air masses, which move in 
advective flow from the coast to the South Polar Plateau, rise along the slope and 
cool there. On the other hand, the NE direction pointing to the interior region 
abounds in open circles. Upper winds, when the sky has cleared up, are mostly 
suited to transport of dry air masses to the South Polar Plateau over a longer distance 
from the Indian Ocean via the interior region than those from the Weddell Sea or the 
Ross Sea. Therefore, the difference in moisture above the South Pole is due to the 
difference in the sources of air masses. 

Clear sky precipitation is considered a transition phenomenon from when the 
sky [has cleared up to when it is cloudy, and v. v . ;  in other words, a transition 
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Fig. 12. Water mass flux vs. wind direction at 500 mb: Solid and open circles indicate 
the existence and the nonexistence of layers supersaturated with respect to ice, 
respectively. 

phenomenon from a dry atmosphere without precipitable ice to an atmosphere with 
abundant water, and v. v .  This notion of transition explains why the lifetime of clear 
sky precipitation was observed to be several hours, it occurred immediately before 
and after precipitation from clouds, and ice crystals in the forms of thin hexagonal 
plates and columns were observed both from stratus-type clouds and a clear sky. 

4. Concluding Remarks 

This study, done in the austral summer, disclosed that the South Pole is 
occasionally influenced by frontal activities deriving from the Weddell and Ross Seas. 
The mechanism of precipitation from a cloudy sky onto the South Polar Plateau 
is related to advection of moist air masses driven by eddies around the coast. 

The occurrence of clear sky precipitation onto the South Polar Plateau is not 
rare. The mechanism of clear sky precipitation has aroused considerable attention on 
the part of polar meteorologist, because of its scientific curiosity. But the mechanism 
has not been clear. 
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The following is our conclusion concerning clear sky precipitation : Whenever it 
is observed, the surface weather is calm and isotherms veer to easterly from 600 to 
300 mb; during the precipitation, halos are noticed, a small amount of stratus is 
always detected immediately above the horizon around the South Pole, and ice 
crystals in the forms of thin hexagonal plates and columns are observed. Clear sky 
precipitation can be caused by a thin layer supersaturated with respect to ice which 
is always found immediately above the snow surface; this layer is so thin and 
contains such a small amount of precipitable ice that it is not identifiable as a cloud; 
other characteristics of precipitation from this layer are, except for its short lifetime 
of several hours, much the same as those of precipitation from stratus-type clouds. 

Clear sky precipitation is considered a transition phenomenon from when the 
sky cleared up to when it is cloudy, and v. v. Clear sky ice crystals at the South Pole 
may result from freezing of low-level stratus cloud droplets, which form from an 
air mass transported from the highest interior region along the slight slope toward 
the South Polar Plateau. 

As more data become available, the study of precipitation will be broadened 
to cover other regions of Antarctica, using the result of this study as a stepping stone. 
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