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ABSTRACT

Stratus cloud cover over Barrow, AIDJEX camp 'Big Bear' and over
the Beaufort Sea was derived for 1975 using surface and satellite ob-

servations. Contrary to the reported value of the consistently high ]

Tong term summer mean cloudiness, the values for 1975 showed a period of 3
complete lack of cloudiness. Comparison with the wind field suggests

that a southerly component in the 700 mb winds corresponds to an increase

in cloudiness and a northerly comncnent corresponds to a decrease. The

unusual northerly 700 mb flow during this year may explain both the low

summer cloudiness and the severe ice conditions in the Beaufort Scza. The

temperature ana emissivity profiles measuved using unstrumented aircrafts

indicated that within a few days of formation of stratus cloud overcast

the emissivity at the top part of cloud becomes Tow and the temperature

inversion drops down to the middle part of the cloud. Continuous solar

heating and the effect of scattering in the long wave may be responsible

for these changes.




INTRODUCTION

During the summer menths Tow stratus clouds cover the Arctic basin
almost continuously. This persistent cloudiness appears to be a perman-
ent climatalogical feature and hence has important implications for the
radiation budget of the Arctic. Early investigations of cloud cover
amounts by Huschke (1969), Vowinckel and Orvig (1970) and Henderson
(1967) showed that the amount of cloudiness and the frequency of occurrence
are essentially a step function of time and that the increase of cloudiness
during the summer is due to the presence of Tow level stratus. The
layering feature of these clouds was reported by Jayaweera and Ohtake
(1970) who also indicated that these clouds are essentially suvercooled
with few ice crystals.

A mechanism for the formation and layering of arctic stratus was
given by Herman and Goody (1976). They suggested that condensation is
induced in initially unsaturated continental polar air as it flows over
the pack ice, the condensation is induced by diffusive cooling to the
colder ice surface and long wave emission to space. Intense wixing
within the cloud is generated by a strong cooling due to radiative
emission at the cloud top. The layered structure is attributed to a
greenhouse mechanism whercby solar radiation penetrates to the interior
of the cloud and causes evaporation there. At the same time the top
remains cold due to long wave emission to space and the base remains
cold since the surface temperature is fixed necar 0°C.  Herman and Goody's
model predicts that condensation will occur within a day and the cloud:

will persist over several days due to the absence of effective Jissipative

mechani-ms.
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In this report we re-examine the cloud cover amounts over the Beaufort

Sea using surface ohservations and sateliite imagery. The cloud cover
amounts are then compared with the wind field to infer the large scale
air flow during the cloud cover conditions. The stratus clouds have Tow
liquid water content, hence their emissivities are considered to be less
than 1 thereby making it difficult to estimate long wave radiative
fluxes from observations of the cloud top temperature. In addition to
cloud cover amounts, this paper also reports measurements of vertical
profiles of emissivity and air temperature of stratus clouds during a
cloud episode nver the Beaufort Sea near Barrow.

CLOUD COVER AMOUNTS

(a) Mapping

This study was Timited to the region shown in Fig. 1. This area
covers the Beaufort Sea, Alaskan coast and the AIDJEX area. The cloud
cover amount for this area was obtained from the imagery of the NOAA 3
and 4 satellites. The satellite imagery fnr the (Very High Resolution
Radiometer) (VHRRY ave available in the visible band (0.6 to .7 ym) and
the therimal infra-red band (10.512.5 pm) with a resolution of 1 km. Many
techniques are available for mapping clouds from satellite imagery for
lower latitudes. But in the Arctic, the underiyinag snow or ice cover
and the existence of temperature inversions at the lowest layers in the
clouds make these techniques inapplicable. Furthermore it is not possible
to develop a standard identification strategy applicable in all cases
for the mapping of arctic stratus clouds.

The method adopted to map arctic stratus clouds is to utilize both

the visible and infra-red imagery and use the features such as shadows
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and highlights in the visible and abrupt temperature changes in the
infra-red. The solar elevation in the arctic is low and in summer :
sunlight is available most of the time. The stratus clouds in the

visible show highlights on the side facing the sun and dark shadows on

the other side. Thus clouds often appear as an indentation in the
imagery (see Fig. 2a), although the contrast in the albedo is small.
From the position of the sun it is possible to distinguish the clouds
from the surface. This method is satisfactory unless the entire area of
Arctic ocean in the satellite image is cloud covered so that the cloud
layer can be mistaken for the ice surface. Under these circumstances
Lhe exact Tocation of the coastline can be used to help in the differentiaticn
of cloud from the ice surface. The infrared imagery often shows sharp
contrasts in temperature between cloud tops and ice surface. These
differences may be especially enhanced as shown in Fig. 2b so that
isotherms can be drawn. Sharp changes in temperature are assumed to be
a boundary between two cloud layers or between a cloud layer and the ice
surface. Using these characteristics we were able to map the cloud
cover of arctie stratus for all the satellite imigery availabie during
the year of 1975 for the area shown in Fig. 1. The cloud amount is
defined as the fraction of the area covered by clouds other than high
eirrus.

In addition, surface observations of cloud cover are available from
the weather service office at Barrow and from meteorological observation
at Big Bear camp of AIDJEX. The latter are available from April until

August.
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(b) Results

The weekly mean cloud cover amount from May until September 1975 is
shown in Fig. 3. Although the mean cloud cover is still rather high g
(76/10) gﬁh is not much different from the previous estimates of Huschie
(1969), Vowinckel and Orvig (1970), the present results show considerable
fluctuations in the weekly cloud amount for the year 1975, especially
over the Beaufort Sea and 'Big Bear' Camp. Because our results were
confined to one year, this particular year may have had anomalous cloud
cover conditions. Indeed, the weather conditions departed considerably

from the mean conditions for 1975, giving rise to anomalous ice corditions

(Werdler and Jayaweera 1976).

Another inference from Figure 3 is that the cloud conditions at
Barrow are considerably differeint from those over the AIDJEX camp. These
results show that cloud condition could vary considerably from place to
place especially for stations near the coast where the presence of Tand
may have local effects. Therefore, inferences on the cloud cover situations
over the Arctic Ocean from near-ccast and land based stations must be
made with cara.

Herman and Goody (1976) suggested that stratus clouds are initiated
by condensation on continental polar air as it moves over the cold ice
pack. In order to test this suggestion we compared the daily surface,
850 mb and 700 mb North-South wind component at Barrow with the cloud
cover amount. The comparison shows that a good relation is found between
tha cloudiness and the southerly wind component at 700 mb level (Sce
Fio. 4). The surface winds showed no correlation at all, while a

correlation with winds at 850 mb was inconclusive. This comparisen

o




supports Herman and Goody's contention to the extent that cold arctic ice

causes stratus clouds through modification of synoptic scale continental
air above the boundary layer. Low-level flow may give rise to arctic
fog, but stratus clouds are not necessarily formed by the 1ifting of
these fogs.

Lack of 700 mb winds at the AIDJEX camp made il impossible to
compare the wind directions and cloud cover over the camp. However the
National Weather Service synoptic maps at 700 mb may be utilized for
comparison with the cloud cover over Beaufort Sea. The mean 700 mb flow

was computed for two weekly periods from April until August of 1975 for

this region. For all the pariods except from mid-dune to mid-duly the
mean flow showed a northerly component. For this period the winds were
northeasterly over the Beaufort Sea. This rather qualitative analysis
tends to confirm that the lack of cloudiness during this period coin-
cides with the change in wind direction from southeriy to rortherly. In
order to confirm if a close correlation exists between the wind and
cloud cover a detailed analysis of the 700 mb wind field is necessary.

: CUMPARISON BTHECN ICE AND_COUy COVER

The summer of 1975 was noted for its unusual ice conditions in the

Beaufort Sea. The ice movement was late and was incomplete. Analyzing

the meteorological situation periaining to the movement of ice, Wendler

and Jayaweera (1975) found that a persistent low pressure system over

the high Canadian Arctic added a northwesterly wind component to the

average wind; the resulting wind kept the ice near to shore. Using the

deviations of the height of the 700 mb Tevel for summer 1975 from the

long term mean, they showed that the wind vector showed a southerly
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component only in June. For the remainder of the summer there was a

persistent northerly component. Except in early June, the cloud cover

this year is consistently less than those inferred from past climatological

data. Therefore less than usual offshore ice wmovement scems to be

related to the less than usual cloud cover over the Beaufort Sea. Both

these factors show their strong dependence on the 700 mb synoptic-scale

wind field over the area.

VERTICAL TEMPERATURE AND CLOUD FHISSIVITIES
The meteorological properties of the stratus clouds @nd the environ-

ment, such as humidity, air temperature and the upward spectral thermal

radiation temperature in the atmospheric window rcgion, were

measured during two periods. The first, in July 1975 utilized the NCAP

3 electra aircraft; the second, in May 1976, utilized a Cessna 180. The
former was in conjunction with the AIDJEX radiation program. The cloud
properties were obtained during two days, July 19th and 23rd. The
observations of May 1976 were designed to study the variaticns of cloud
properties during a single stratus cloud episode. A stratus cloud
episode is defined as a period through which the sky over Barcow is
overcast without a break. Twice daily measurements of tempzreciura,
relative humidity and the spectral radiative temperature were obtained
during a cloud episode which started on May 20th and lasted uaniil May
26th. The spectral radicmeter used during these experiments was a Barnes
PRT-5 radiometer. A thermistor was used for air temperature measurements,

and the humidity was measured using a Vaiisala-hyarometer.
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The Barnes PRT-5 radiometer was mounted looking down so that it was ?
; measuring the upward spectral radiance. If R, is the upward long wave i
r flux at the bottom of the cloud layer, RZ the upward Tong wave flux at '
the top of the layer and uT4 is the black body radiation at the average
temperature of the cloud layer, then the emissivity is

This expression can be used to calculate the effective flux emissivity
of any stratus cloud or a layer thereof.

A disadvantage of using uprard radiance to determine emissivity is
the influence of the underlying surface. As pointed out by Griggs
(1968), the radiance coming out at the top of the layer becomes insen-
sitive to emissivity when the cloud temperature is close to that of the
ice surface below. Therefore for very low thin clouds, such as fogs,
the value for emissivity obtained by this method may be in error.

The vertical temperature and radiance flux measurements using the

Cessna 180 were maze in the vicinity of Barrow. The first flight was
made on the first overcast day after a period of partial cloudiness. The
measuremants of air or cloud temperature, spectral radiative temperature
from PRT-5 radicmeier and the humidity of air were made at various
altitudes below, within and above the clouds. These measurements were
made by flying for about 3 minutes in horizontal legs. The experimental
legs were vertically above each other and separated by about 100 m.

During the six day cloud episode, measurements were made in the morning

and afternoon of every day.




The thermistor sensor, which measured the outside temperature, was
mounted at the underside of the right wing of the aircraft and was
shielded with reflective material to avoid icing and solar heating. The
sensor was calibrated before and after every experiment run, using an
ice bath. The output was recorded on a multivolt-meter single pen
recorder.

The Barnes PRT-5 radiometer was mounted inside the cabin over a
porthole so that it is looking directly downwards. The perforinance and
accuracy of the instrument were checked by flying about 100 feet above a
lead. During the entire duration of the experiment, the indicated
radiative temperature of the PRT-5 over a lead was -1.8°C. Very little
or no turbtilence occurred during any of the runs, hence the effect of
slight pitching and rolling of the aircraft on the look-direction of the
PRT-5 were considered to be negligible.

The profiles of cutside temporature (air temperature) and tne PRT-5
spectral radiative temperature (IR temperature) for 3 experimental runs
are shown in Figs. 2 a, b and ¢c. The cloud conditions during the three
iays described below correspond to three distinet situations »f the
stratus cloud during t.:is particular episode.

(1) May 21, 1976: 1402 - 1439 Local Time.

May 21 was the second day of the stratus c'oud episcde. The profiles
for this day, shown in Fig. 5a, and that of the previous day were similar.
They are representative of stratus cloud conditions found elsewhere.

The cloud was thick enough to be black, and the radiative temperature at

cloud top was nearby equal to that of its cloud zop temperature. Furlhermore,

radiative cooling at the top gave rise to a sharp temperature inversion

at the top of the cloud. The cloud top was well defined.
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(2) May 22, 1976: 9:20 - 10:09 Local Time

The profiles within the cloud showed marked changes on this day.
The cloud top was tenuousso that it was difficult to measure its exact
altitude. In Figure 2b the maximum observed height is indicated.
Variation by as much as 500w was observed during five up and down passes
through the cloud top performed intenticnally to determine its height.
The temperature structure was unlike that of the previous day with the
inversion occurring less than half-way from the cloud base. Even for
the rest of the lower section, the temperature was very peculiar with
the top three quarters having no effect on the radiance flux emitted by
the cloud. This peculiar profile is quite coentrary to accepted prefiles
of stratus clouds. The temperature inversicn near the middle of the
cloud and a steady temperature increase all the way to the top may
indicate the effect of solar heating. But the steady IR temperature is
most peculiar and may indicate the importance of scattering (see for

example Platt 1972). Further measurement may be required to confirm

this effect prior to calculating the transmission coefficient of scatter-

ina.
(3) May 24, 1974: 10:30 - 11:10 Local Tine
This is the first instance where the situation described above

changed into a different type wherein the cloud developod an interstice
4

giving rise to two layers. It is interesting that the interstice occurred

about the same height where the temperature inversion occurred on May 22
(Fig. 5b). The lower cloud has its base lowsred but inversien conditions
and radiance effects are very similar to that shown in Fig. 5b. The taop

layer has become thicker and the increase in cloud temperature

10
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is reflected in the flux radiance. Here again the sharp temperature

increase at the cloud tup is not observed. In the two cloud Tayers, the
thickest part of the cloud is in the lowest section of the bottom layer.
The high emissivity velues indicate a high liquid water cornitent for the
Tower parts of the cloud (Paltridge 1974).

Later on in the afternoon of this day, an altrostratus layer at a
much higher altitude was observed in the north. Passes under this cloud
showed that it had a considarabloe effect on the profiles of air and IR
temperature of the upper layer but no effect on the lower layer. The
effect of this higher cloud was to increase temperatures and radiance of
the top layer.

Prior to the end of the cloud episode on May 26, a flight through
the cloud showed that the clear interstice had disappeared, giving the
impression of one solid layer of near 1600 m thick. However the cloud
was very tenuousin the top one half with clear regions at irregular
intervals. The teiiperature profile showed an initial small decrease in
the tempberature in the lower half of the cloud and an inversion with a
slight increase 1n temperature in the region where the cloud was tenuous.

DISLUSSION

Except for one case of a stratocumulus reported by Piatt (1972) the
temperature and spectral radiarce profiles described in this report are
unique in character. The development of arctic stratus clouds is not by
radiative cooling at the top, but rather al the bottom. The continuvous
sunlight during the summar shows its effect by warming the top part of
the cloud so that considerable increase in temperature occurs with the

inversion near the middle part of the cloud. The developnent of

1
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interstices is where the solar radiation effects supercede Tongwave
cooling, or near the inversions. As suggested by Herman & Goody (1976),
solar radialion can penetrate further intc the cloud while Tonawave
cooling effects are confined to the top and bottom. Therefore we may
expect to find disappearance of the cloud in the middle two layers. The
result of continuous solar heating is to make the top Tayers of the
cloud very tenuous, hence they have negligible effect on the longwave
radiance flux. The small amount of radiation emitted by the cleud
particles may be scattered away so that, even with a considerable increase
in the cloud temperature, the longwave flux remains essentially a constant
through the top part of the cloud.

The results described here are preliminary and need verification.
The profiles described show the considerable effect the stratus
clouds have on the radiation field and hence on the heat budget of
the Arctic. The appearances and disappearances of the cloudiness seecin
to be related strongly to the wind Tield. This observation is consistent
with that of Reed and Kunkel (1960). Southerly flow advecting warm air
shows a high correlation with the formation of cloudiness. The primary
source for dissipation of these summer stratus clouds is the adviction

f cold dry air from the north.

1
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Figure 1.

The area for which the cloud cover amounts were obtainad.
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. Air, IR and dew point temperaiure profiles below, within
and above the stratus clouds.
May 21, 1976 ~ 14:02 =< 14:3% Local Time
The emissivity (E) values for various cloud layers are
indicated.
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Air, IR and dew point temperature profiles below, within
and above the stratus clouds

May 22, 1976 09:20 - 10:09 Local Time

The emissivity (E} values for various cloud layers are
indicated.
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