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Abstract

A case study of the spiral cloud patterns associated with an atmospheric
vortex, as seen by the TIROS I meteorological satellite, shows that advection can
be a dominant mechanism in the formation of these patterns, This advection is
then interpreted in terms of the horizontal and vertical structure of the low pres-
sure system with which the clouds are associated. A comparison of the vortex
cloud patterns, at the time of the maximum development of the spiral clear area,
with Bergero'n's two common types of cold fronts indicates that these patterns
should be attributed to upper-air advection relative to the surface front rather than °
to vertical motion along the front. The similarities displayed by the spiraling vor-
tex cloud patterns seen by TIROS I would suggest that the features found in this de-
tailed case study would also hold for other cases in which this particular cloud
pattern exists. The spiraling vortex patterns can be associated with a low pressure
area on the surface analysis, but no general statement can be made that the reverse
is also true. This case study indicates that the TIROS pictures are particularly
well suited for the study of horizontal advection and show promise of yielding quanti-
‘tative information,
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THE ROLE OF ADVECTION IN THE FORMATION OF
VORTEX CLOUD PATTERNS

Introduction

The launchmg of TIROS I on 1 April 1960 presented the meteorologist with
a un1que observational tool. The ability to observe the weather on such a large
scale has been overwhelming and not without some problems as to the most effec-
tive way to utilize these new observations. The easiest way, of kcourse, is to fit
these observations to models already constructed. This would mean in the cage
of cloud patterns associated with a vortex {Fig. 1) fitting the patterns to the
frontal model based on the polar-~front theory of wave cyclones developed by the
Norwegiang during World War I. However, evidence that this model does not
' accurately describe conditions in the upper air was preéented long before the ad-
vent of TIROS. Critical reviews of the polar-front theory are numerous in the
literature and little could be accomplished by a complete review at this time.

A more profitable way of using the TIROS pictures is suggestéd by the
" fact that they lend themselves quite readily to the day-to-day surveillance of cloud
patterns, such as those associated with extratropical cyclones, as shown by
Leese, and with tropical storms, as shown by Sadler. 1 It would thus appear’
that by studying the day-to-day changes in cloud patterns associated with low pres-
sure systems (here~after referred to as vortex cloud patterns) new information on
vortex systéms could be obtained. In particular, the type of vortex pattern which
has a band of relatively clear air spiraling in toward the center, if studied in this
manner, should reveal much about the horizontal and vertical structure of the low
pressure system. An analysis of the shape and relative position of the cloud and
clear areas around the vortex in various stages of development should make this
information available.

" The term ''clear'' used to describe the spiraling air is actually & mis~
nomer, as shown by the examples in Fig. 1. The spiraling region can go through
the whole range of cloud cover from completely clear to overcast. The geneval
pattern shown by the TIROS I pictures for the spiral area illustrated in Fig. 1 1is
mostly clear over the land, -as in the pictures taken onorbits 005 and 730, and
partially obscured by scattered-to-broken, low cumuliform clouds over the ocean,
as shown by the pictures from orbits 422, 605;. 619 and 705,

The vortex pattern seen during orbit 795 has previously been related to the
large~-scale synoptic paftern occurring at that time’ and to the day-to-day changes
~in cloud patterns during the life-cycle of the s‘corm.8 The observations made
during orbit 005, including the cloud features associated with the synoptic. weather
situation, have been described in detail. 5 The spiral area in the vortex pattern
observed during orbit 605 is delineated by an abrupt change in cloud reflectivity
from nearly white to gray. Conover6 thinks that this brightness is related to the



depth of the cloud cover but is also influenced by many other factors, the most
serious of which is the reflection of the sun glint from the top of«the clouds. The
épir'al in the vortex pattern from orbit 619, which is associated with the same low
pressure area seen during orbit 605 but one day later, is defined by the change in
cloud cover from overcast to a scattered-to-broken, low cumuliform. An example
of a southern hemisphere vortex cloud pattern is shown on orbit 422. The sky-
cover patterns seen in orbit 730 provide the subject of the case study presented in
this paper.

It appears that advection plays an important part in the formation of this
type of cloud pattern. Both the size of this svpiral area, which can be much
greater than 100 mi wide, and its location mainly in strong southerly flow pre~
clude its being a region of actively subsiding air behind the cold front.' Sawyer,
in a study of humidity data obtained on 23 meteorological research flights through
fronts over England, found that a characteristic tongue of relatively dry air was
associated with many of the frontal zones. He found the driest air within the
frontal transition zone in about half the cases. However, there were also oc-
casions when it was found on either the cold or warm sides of the transition zone.
This dry tongue extended down to an average pressure level of 700 mb in cold
fronts. He concluded that the presence of this dry air can be adequately explained
) by large-scale movements of the air which are primarily horizontal; the air has
indeed been dried by subsidence, but this may have been 24 hrs or more.before it
was observed in the frontal region, and is no indication of descending motion in
the frontal zone.

According to Reed, 10 a characteristic type of frontal development in the
middle troposphere is the formation of a katafront, a sloping stable layer marked
by strong vertical wind shear and a rapid upward decrease in humidity. He con-
cluded that the frontal zone does not separate air of polar from air of {ropical
origin, but rather, after forming within the polar air mass, separates relatively
moist air of polar origin from drier air which could be of stratospheric origin.

In a radar study of winter storms, Wexler and A’claus14 and Boucher3 found
that the passage of an easterly rnoving cyclone to the south of the radar location is
frequently accompanied by a change in the precipitation pattern The relatively
uniform echo previously observed with top at high elevations (temperatures gen-
erally below -20°C) changes to a cellular structure with echo tops at lower eleva-
tions (temperatures generally -10°to ~45°C). During this change there is usually
no significant change in the winds or in the temperature and humidity at low levels,
but aloft above 700 mb the humidityr frequently drops and the temperature may rise.
Wexler and Atlas ascribed this change in echo pattern to the advection of dry air
aloft'over saturated air below. This combination forms a convectively unstable
layer.,



Orbit M705, 01007 20 May 1960 Orbit M005, 2028Z 1 April 1960
central Pacific midwest United States

Orbit K605, 03427 13 May 1960 ‘Orbit K619, 0252Z 14 May 1960
northeastern Pacific northeastern Pacific

Orbit M730, 18167 21 May 1960 Orbit K422, 1230Z 30 April 1960
midwest United States south Atlantic

FIG. 1. Examples of spiral vortex cloud patterns as seen by TIROS I.



According‘ to Bo(ucher,:4 the vortex cloud patterné of TIROS 1 appear to bear
no unique relationship to the location of either the sea-level low or that at the
500-mb level. Instead each vortex occupies a position within a radius of 200 to
300 mi of both. In a study of the day-to-day changes in cloud pattern in the various
stages of development of a frontal system, the author found that the ''clear'' area
spiraling in toward the center of the vortex appeared to reach its deepest penetra=-
tion near the time of the maximum intensity of the storm. A decay in the intensity
of the circulation around the vortex appeared to be fhe beginﬁing of decdy of this -
spiral clear area. If advection is the dominant mechanism in’the formation of this
type of vortex, then the relative positions of the "'clear'' and cloudy areas around
the vortex should give some indications of its stage of development. Although
Boucher’4 did not attribute the formation of this relatively clear spiral to advection
directly, he feels this winding spiral conveys meteorological information which
specifies, within rather narrow limits, the stage of development and the age and',
intensity of a cyclone and the placement of its éigniﬁcant features. He has there?-;
fore attempted to define a model describing the evolution of cloud patterns attending
the development and decay of a middle latitude cyclone. A dominant mechanism of
advection would also make it possible to get some indication of the speed of rotation
around the vortex relative to its speed of translation, if the speed of rotation is
“gi'eater than the speed of translation. A requirement for the formation of this type
of vortex would then be strong meridional flow ahead of the low, | ‘

’ This paper presents a cage study of the development and decay of spiral
V‘ortex cloud patterns which demonstrates that advection can be a dominant mech-
anism in the formation of these patterns. This advection is then interpreted in
terms of the horizontal and vertical structure of the low-pressure system with

‘which these clouds are associated. The extent to which the cloud patterns, at the
time of the maximum development of the spiral clear area, fit the frontal models
is also invéstigated even though the failures of these models have been pointed out
previously by numerous authors, The present investigation seems not only justi-
fied but needed in view of the attention given Bergeron' s2 two common types of
cold fronts, the ''anafront'' and ''katafront, '! in a recent training manual.

Analysis

The system studied developed over the midwest United States on 20 May 1960
and moved northeastward during the next two days. TIROS pictures of this storm
were taken on orbits 746 on 20 May, 730 to 733 on 24 May, and 745 on 22 May.

The location of cloud features on the satellite pictures was determined with
methods developed by Allied Research Associates. ! Attitude data were determined



from landmafké in pictures on orbits 716, 730 and 731. Pictures from orbits 732
and 733 had no visible landmarks to use as a starting point in rectifying the cloud
cover, ' '

Clouds are shown on the rectifications (Figs. 2, 14, 12, 13, 14, and 24) in
shades of gray which are proportional to the brightness indicated by the TIROS
pictures - the brightest clouds are represented by the darkest gray.

On the o‘rbits where visible landmarks appeared the location is thought to
be accu,rate to withm 30 mi. The accuracy of locations on orbits without land-
marks cannot be estlmated, but cloud rectifications on these orbits check out very
well with nephanalyses made from conventional surface observations.

To trace the paths of moist and dry regions, the potential temperature and
mixing ratio were used. These parameters constitute the most conservative
properties of an air mass for dry-adiabatic processes. The potential temperature
of 309°K was selected as high enough to be out of the influence of surface condi-
tions at the season in question. The difference between the pressure and satura-
tion pressure of the 309°K potentj.al-,température surface was assumed to be
invei'sély proportional to the relative moisture content of the air. To verify the
analysis of the large-scale moisture patterns on this isentropic surface, several
cross sections with different orientations were constructed at 12~hr intervals
through the low-pressure area.

Orbit 716 1910Z 20 May 1960

The cloud rectification for orbit 716 in Fig. .2 shows the midwest United
States mostly cloud covered. A bright band of clouds extends from eastern Texas
northeast to central Indiana. A squall line through this region is shown on the A
1800Z Surface analysis in Fig. 3. A second ba.nd,. slightly less bright than the
first, extends nortﬁ;northwé's't from eastern Texas to the limit of the rectification
in South Dakota. This band is associated with the frontal system, shown in Fig. 3,
which passes through the central United States with an incipient wave in Iowa. The
cloud rectlfication ‘shows no orgamzed cloud pattern associated with the warm
front through Minnesota and Mlchigan. . o

Any requirement for strong meridional flow ahead of the low for the de-
velopment of the spiral vortex patterns of cloud and clear areas would be well met
in this situation as shown by the 500-mb analysis for 0000Z on the 24st in Fig. 4.

The difference between the pressure of the 309°K potential-temiperature
surface and the saturation pressure of this surface at 0000Z on the 24st is shown
in Fig. 5. The dome of cold air on this surface extends to the vicinity of 500 mb.
The center of the 500-mb low is shown on the isentropic analysis. The region of
dry air circumvents the western and southern periphery of the low and penetrates
as far north as southern Illinois. The moist region is mainly to the northeast of



FIG. 2. Cloud rectification for pictures from orbit 716 at 1910Z
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the low with a narrow tongue extending' southward ahead of the dry tongue. The
cloud cover on orbit 716 (Fig. 2)is 5 hrs earlier than this analysis and does not
show this penetration of dry air at that time. Conventional surface observation at
the same time as the isentiropic analysis do not yield much information about the
dry tongue because of cloud cover below the level of the dry air.

An east-west cross section from Dayton, O. (FFO) to North Platte, Neb.
(LBF) is shown in Fig. 6 for 0000Z on the 24st. The location of this line is shown
in Fig. 4. The cross section shows the lowest.level of the dry tongue at about
680 mb over Peoria, Ill. (PIA), rising to the west over the dome of cold air,
Relatively high wind speeds near the level of the base of this inversion are found at
the eastern edge of this dry tongue between FFO and PIA. A weak cold front has
been placed between Cedar Rapids, Iowa (CID) and Omaha, Neb. (OMA), based
primarily on surface observations. The location as well as the actual existence of
this front above 700 mb is in doubt.

The isentropic analysis for 1200Z on the 24st (Fig. 7) shows that the dry
tongue has advanced to the vicinity of Green Bay, Wisc. (GRB) where it is found at
619 mb. By computing a 12-hr trajectory back from Green Bay along the 309°K
potential surface, this air was found to be over southeastern Missouri at 0000Z on
the 21t (Fig. 8) at a pressure of 660 mb and a saturation pressure of approxi-
mately 460 mb. If we make the reasonable assumption for this very dry air and
short time period that the lowering in pressure for the 309°K potential surface from
660 mb to 619 mb was due to vertical motion, we arrive at an average vertical
velocity of 1.2 cm sec™? upward for this air during the 12-hr period. The length of
this trajectory yields' an average advective rate of 47 kts. The translation velocity
of the 500-mb low during this period was from the west at 20 kts, which meang the
advective rate of the dry air around the eastern periphery of the low was more than
twice as great as the speed of translation of the low. Two other trajectories over
this time period are also shown in Fig. 8, along with the average vertical motions
required for isentropic flow along the trajectory. A nephanalysis of conventional
surface observations for 1200Z on thefZist shows that this dry tongue is obscured
by low-level cloudiness.

A comparison of the isentropic analyses for 00002 (Fig. 5) and 1200Z
(Fig. 7) on the 21st, shows that the moist air is being advected around the north of
the cycione and could also be contributing to the formation of the spiral vortex
cloud pattern. The leading edge of the moist tongue is located southwest of the
center of the 500~-mb low at the end of the period. The average speed of the ad-
vancing edge of the cloud shield to the north and rear of the cyclone was found to be
22 kts‘. In computing this it was assumed that the leading edge of the cloud shield
coincided with the leading edge of the 25-mb difference between the pressure
and saturation pressure on the isotropic surface.



The cross section in Fig., 9 for 1200Z on the 21st is along the same line as
the one 12 hrs earlier (Fig. 6). The inversion at the base of the dry tongue is
located between FFO and PIA at approximately the same pressure as 12 hrs earlier,
but is now much drier than before. The jet stream is found almost directly over
the inversion a.f both times. This orientation of the dry tongue and the region of
maximum wind speeds in the southerly flow continues throughoﬁt the history of this
storm. The isotach pattern in the vicinity of CID indicates the slope of the low
pressure area is néarly vertical, :

A comparison of the 500-mb charts for the two time periods (Figs. 4 and
10) shows that the low center has undergone a deepening of 200 ft at this level and
the region of wind maximum has advanced around the low to the southeast quadrant.

Orbits 730 — 733 21 May 1960

The cloud patterns around the low were photographed on four different or-
bits during the period 4800Z to 2330Z on 21 May. The rectified cloud patterns for
these orbits are shown in Figs. 11 to 14. The changes in cloud reflectivity shown
in different views do not necessarily represent changes in cloud structure over this
period; they are one person's interpretation of the brightness of the clouds as ‘
viewed by TIROS from different viewing angles and lighting conditions. This ap~
proach is taken since the TIROS photographs made over the eastern United States
just after noon on orbit 730 may exaggerate brightness, whereas the pictures made
of the same area on orbit 733 in near darkness are underexposed. Furthermore the
sun should be at least 18 deg above the horizon for taking pictures with TIROS I; in
the latter case’ it was 17 to 20 deg.

The track of the satellite for orbit 730 (Fig. 11), along a path from eastern
‘Texas to Massachusetts, shows the details of the cloud patterns in the eastern
United States. Orbit 734 (Fig. 12) had a path across‘the center of the low from
southwest to northeast and shows the details of the cloud patterns around the low as
well as the clear area spiraling in toward the center of the vortex. Orbit 732
(Fig. 13) described an east-to-west track across the north side of the low while
orbit 733 (Fig. 14) went across the low frdm' northwest to southeast.

The cloud rectification of orbit 730 (Fig. 11) shows & line of very bright
cellular clouds extending from southern Ontario through western Pennsylvania,
"West Virginia and eastern Tennessee associated with a line of thunderstorms
through this region. The smaller lines of clouds oriented west-northwest to east-
southeast through eastern Ohio are lines of low cumuliform clouds under the in-
version of the dry tongue through this region and are oriented perpendicular to a
~south-southwest flow at the level of the clouds. Because of the angle of view, the
vortex appears almost completely cloud covered on this orbit. However the
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rectification of orbit 731 (Fig. 12) shows that the central region of the vortex con-
sisted mainly of broken cloud cover with numerous lines of cumuliform clouds. Of
particular interest is the line of bright clouds extending from northeast Iowa through
central Wisconsin. - A funnel cloud was observed near 44N 91W approximately 45
min before these pictures were taken and probably originated in this particular
band. A band of relatively bright clouds extends around the outer periphery of the
vortex. There are cells and lines of brighter reflectivity embedded in this band,
suggesting the presence of deep cumulus within this otherwise fairly uniform band.
The spiral clear area through Ohio and eastern Michigan appears completely cloud-
free on TIROS pictures, but surface reports at this time show this region had scat-
tered cirrus and widely scattered low cumulus clouds. This discrepancy occurred
because scattered cirrus clouds are transparent to the TIROS cameras, and the
cumulus cloud coverage in this case was not large enough in any one area to be re-
solved by the wide-angle camera.,

Pictures from orbits 732 and 733 had no visible landmarks to use as &
starting point in rectifying the cloud cover. Confidence in the accuracy of the loca-
tion of cloud patterns for orbits 732 and 733 is not good enough for determining the
movement of specific cloud patterns from one orbit to the next. However, the con-
sistency within an orbit has been maintained so that comparisons such as the width
of the spiral clear area can be made between orbits.
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FIG. 11. Cloud rectification for pictures from orbit 730 at 181527
21 May 1960.
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The spiral clear area in this case is the result of an advective pattern made
up in part by the movement.of the low-pressure area and also by a component of
flow toward the center of the low. A decrease in either the speed of movement of
the low or the inflow cdmponent would result in a more circular advective pattern,
especially in the southeast quadrant',of this low. A more circular advective pat-
tern would in turn result in a decrease in the width of the spiral clear area. The
width of the clear area in the region of 40N to 45N was approximately 120 naut. mi.
at the time of orbit 730. By the time of orbit 733 the width of this clear area in
the same region had narrowed to 70 to 75 naut, mi. The change in width of 50 naut.
mi. over the time period in these orbits led to a ''closing of the gap'! between the
two cloudy areas at an average rate of 10 kis. Since no change in the speed of
movement of the low could be detected at the surface during this period and since it
is reasonable to assume that no change in the speed of movement has occurred at
any level over this time period in a system with a vertical slope such as this one,
it i8 concluded that the decrease in width of the spiral clear area can be attributed
to a decrease in circulation around the low.

. The surface analysis for 2400Z,21 May 1960 in Fig. 15 shows that the
frontal system has developed to the occluded stage fairly rapidly during the pre-
vious 27-hr period. Since the slope of this low-pressure area is vertical, the
time the lowest central pressure occurred at the surface can be used to indicate
the time the storm reached its maximum intensity of circulation. The lowest
pressure of 998 mb occurred near 1500Z. As this time is very near that of the
maximum diurnal rise in pressure at the ,\llongitude in question, this low-pressure
observation is even more gignificant. ‘ ' ;

The 500~mb analysis for 0000Z on the 22nd (Fig. 16) shows no change in
height at the center of the low from that 12 hrs earlier. However, the peak wind
speed to the east of the low has dectreased by 25 kts while the wind speeds to the
north of the low have increased. L . '

The isentropic analysis for 0000Z on the 22nd (Fig. 17) indicates that the
dry tongue has not continued its rapid advance around the low during the 12-hr
period ending at 0000Z on the 22nd as it did dﬁring the 12~-hr period ending at
1200Z on the 24st. The rectification of orbit 733 (Fig. 14) suggests that this dry
air extends farther to the northwest, but the absence of horizon and landmarks
leaves the location of specific features in doubt. The 12-hr trajectory along the
309°K surface for the air over Sault Saint Marie (SSM) at 0000Z piaces the same
air over east~central Indiana 12 hr earlier (Fig. 8). The average vertical motion
during this period was +0.7 cm .-.=sec-1 upward for isentrgpic flow. The average ad~-
vective rate during this period was 41 kts,which is 6 kts less than the average
during the 12-hr period ending at 1200Z on the 24st. An even larger difference in
the advective rates is obtained if the 12-hr period ending at 0000Z on the 22nd is
split into two 6-hr periods. The trajectory for the period 1200Z to 1800Z yields
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an average advective rate of 50 kts while the following 6-hr period has an average
of only 31 kts. This provides further evidence that the low reached its maximum
intensity near 1500Z as shown by the central pressure of the low at the surface. A
comparison of the speed of movement of the moist and dry tongues at 40° latitude
shows the moist tongue ''closing the gap'' at the rate of 6 kts during the 12-hr
period endihg at 0000Z onthe 22nd. This discrepancy of 4 kts between the isen-
tropic analysis and the rate revealed by the cloud pattern can be attributed to the
longer time period covered by the isentropic analysis. The spiral clear area was
still being advected toward the center of the vortex during the early part of the
period between the isentropic analyses. Also, the moist tongue was still being ad-
vected around the southwest quadrant during the early part of the period.

The cross seétion from Idlewild, N. ¥. (IDL) to Omaha, Neb. at 0000Z on
the 22nd in Fig. 18 verifies that the dry tongue is centered over Pittsburgh (PIT).
The 42-hr decrease in wind speeds within this dry tongue is as much as 30 kts at
this latitude. The fact that wind speeds on the order of 90 kis were not found at
any of the stations in this region is evidence that during the preceding 12 hr there
was a decrease in the intensity of the circulation and not simply & motion of the
wind speed maximum out of this cross-section line.

Difficulties in rectifying the cloud patterns on orbit 733, occasioned by the
uncertain locations, do not allow any comparison between the cloud patterns and
the front as shown on the cross section. A comparison of the cloud patterns seen
on orbit 730 (Fig. 14) and the location of the cold front on the surface analysis at
1800Z on the 21st {not shown) reveals that the line of thunderstorms is located
just above the front at the surface. This would place the line of thunderstorms
just ahead of the leading edge of the tongue of dry air shown on the cross sections
for 1200Z on the 21st (Fig. 9) and 0000Z on the 22nd (Fig. 18). The clouds to the
west of this line of thunderstorms are predominately low cumuliform aligned per-
pendicular to the flow. The relatively narrow weather band located near the
leading edge of the surface front is one of the characteristics of Bergeron'sz
"'katafront, ' However, a ''katafront'' by definition is associated with downslope
motion in the warm air over the higher reaches of the frontal surface. Althaugh
dry air found above this frontal surface implies active subsidence, it was found
that isentropic flow requires upward motion in this air.

Orbit 745 1905Z 22 May 1960

The movement of the low-pressure area had slowed down and was nearly
stationary over Michigan by the time orbit 745 occurred. The low was weak at
the surface and the fronts diffuse and'sta.tionary on the analysis for 1800Z on the
22nd (Fig; 19). The low at 500 mb had filled 200 ft during the 12-hr period pridr
to 1200Z on the 22nd. Wind speeds to the east of the low had further decreased,
as shown by the analysis for this time in Fig. 20, l
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- FIG. 17. Difference in pressure {mb) between the pressure and satur-
. ation pressure for 309°K potential — temperature surface at 0000Z
22 May 1960.

The cloud rectification for orbit 745 (Fig. 21) shows cloud cover com-
pletely surrounding the vortex with only a narrow ring of less bright clouds
(oriented north-south through central New York around the northern periphery of
the low and extending through eastern Wisconsin to naorthern Indiana) remaining
as any indication of the spiral clear area of the previous day. Numerous brighter
cl‘ouds are found-in all but the southwest quadrant. In this quadrant, low cumuli-
form clouds have formed into lines approximately parallel with the wind under a
weak inversion. : . ;

The dry air has been almost completely cut off on the 309°K isentropic
surface for 41200Z ‘on the 22nd (Fig. 22). Lateral-mixing and vertical motion have
reduced the maximum difference between the pressure and saturation pressure of
this surface to approximately 50 mb. . .

‘ The cross section for 1200Z on the 22nd in Fig. 23 lies along a line from
Nantucket, Mass. (ACK) to Saint Cloud, Minn, (STC). The base of the dry tongue
appears as a stable layer at approximately 600 mb over Buffalo (BUF) and Albany
(ALB) with a decrease in moisture through this stable layer and much less
moisture than was seen at previous times. The base of this stable layer is 80 to
90 mb lower in pressure than the inversion over PIT 12 hrs earlier. The air
below the base of this stable layer is fairly homogeneous in the horizontal:down to
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about the 700~mb level, indicating that the front does not extend above this level.

It has been suggested by Samsom12 that when a ‘‘katafront'' weakens, it becomes

a weak '"'anafront.'' In this case such an impression was created more by a change
in advective patiern rather than any change in sign of the vertical motion. k

Discussion of Results

The foregoing analysis has shown that advection was the dominint mech-
anism in the formation of the spiral vortex cloud patterns in the studied case. The
advection was found to be more than twice as large as the raie of translation in the
developing stage. In the development stage of this vortex pattern, the component
of the flow toward the center set up a spiral pattern for the moist and dry regions.
After the low had developed to its maximum intensity, the circulation began to lose
intensity, causing a decrease of the wind component toward the center. With con~
tinued advection of the moist air, but in a more circular péttern. the tongue of dry
air began to decrease in width., Finally, as a result of vertical motion and lateral
mixing, the vortex pattern disappeared.

The presence of the relatively clear spiral to the east of the low does not
necegsarily indicate active subsidence is taking place. In this case the vertical
motion was upward within the clear dry air, This air had been dried by subsidence
but,as Satwyer13 hasg pointed out, this may have been 24 hra or more before it was
observed in the region.

The upper winds and weather found in this system near the time of its max~
imum intensity are typical of a ''katafront'' as characterized by Sansom. 12
However, there wagp little evidence of a front above about 700 mb. The front gave
the appearance of being sheared off at this level and capped by a ''dry'! inversion
separating the warm dry air above from the cool moist air below. The extreme
dryness .of the air above this inversion implies active subsidence. However, as it
has previously been pointed out, isentropic flow requires upward motion in this
air. PFurthermore, if active subsidence were taking place, there would be a
strengthening of the discontinuity between the two air masses, rather than a weak-
ening as was found in the cabe studied. ;

The formula generally used for determining vertical velocity at a front is:

w= (c - u)tan @
where w is the vertical velocity, c is the speed of the front, u is horizontal

component of the wind normal to the front, and tan 8 is the slope of the front, If
the cross sections in this study had been analyzed in the usual manner to show a
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FIG. 21. Cloud rectification for pictures from orbit 745 1905Z-
22 May 1960.
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FIG. 22. Difference in pressure (mb) between the pressure and
saturation pressure for 309°K potential-temperature surface at
1200Z 22 May 1960.
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continuation of the front above 700 mb with the warm dry air ahead of it, the above
formula presumably could be used to determine the vertical motion in this dry air.
If the axis are chosen so that the slope is positive, the formula necessarily shows

downward motion in this dry air because the horizontal wind component normal to

this front is greater than the speed of the front.

Semsom12 observed that as the ''katafront'' weakens with age, the amount
of subsidence will decrease until finally, in the ultimate quasi-stationary stage,
the front may again be a weak '‘anafront.'' In the case studied, the weather pat=-
tern displayed characteristics of such a change from a ''katafront, '' but this can
be explained by a change in the advective pattern rather than a change in the
amount of subsidence. The change in advective pattern in the decaying stage re-
sulted in cutting off the supply of dry air. The ''dry'' inversion was raised by
" vertical motion. This vertical motion and lateral mixing resulted in & weakening
of the ''dry'"inversion creating the impression that the front was a weak ''ana~
front.'!

Indications and Conclusions

The similarities displayed by the spiral vortex cloud patterns seen by
TIROS I would suggest that the features found in this detailed case study also hold
for other cases in which this particular cloud pattern exists. It is also possible
that this particuiar cloud pattern may be partially obscured in some cases. In the
‘case studied. the air which had subsided and was being advected in the southerly
lflow ahead of the low was dry enough to permit a fairly long period of upward
* motion which did not bring it to saturation. If very dry air such as this were not
present saturation and clouds could occur which would destroy the clear spiral
pattern. The case studied was that of a cold low with a vertical slope at the time
of its maximum intensity. It is possible these spiral cloud patterns are obscured
"in a low Wheré" the v'slop‘e is very small. The absence of any vertical motion on the
convective scale precludes cloud formation in this region and thereby prevents the
pattern from revealing the western boundary of the advecting dry air.

Indications that the storm had begun to weaken were given by the change in
‘width of the 3p1ra1 clear area in the case studied. No pictures of this vortex were
available from the time it was beginning to develop until after it had reached its
maximum intensity. An indication that the stage of development of a vortex can
be ascertained from the cloud patterns is given' by a comparison of the vortices
seen in orbits 605 and 649 in Fig. 1. The vortex cloud pattern shown in the pic~
ture from orbit 619 is associatea with the same low~pressure area as the one
shown in orbit 605 but one day later. The spiral relatively clear area advanced
around to the north of the low during the intervening period.

1i9 5139
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The motion of the spiral clear area appears to give some indication of the
maximum intensity reached. A comparison of the surface analysis prior to the
time of the picture of the vortex cloud pattern shown on orbit 705 (Fig. 1) and the
vortex cloud pattern shown in pictures from orbit 730 (Fig. 1) and (Fig. 42) re-
veals twe differences other than the fact that one occurred over water and the
other over land. The low took nearly two days to develop the spiral pattern shown
on orbit 705, whereas the cloud pattern shown on orbit 730 developed to this stage
in less than one day. Furthermore the minimum central pressure at the surface
wag approximately 20 mb less in the iow associated with the cloud patterns shown
on orbit 705, The spiral relatively clear area penetrated nearly one complete
revolution farther into the center of the cloud patterns shown on orbit 705. The
" longer development period allows more time for advection.

The spiral cloud patterns can be associated with a low-pressure area at
the surface, but no general statement can be made that the reverse is also true.
The TIROS pictures of a system which developed in the midwest United States on
16 May 1960 and moved northeast during the next two days showed no spiral cloud
patterns at any time, Although the development of the low and associated frontal
system at the surface was nearly identical to that of the system discussed in this
case study, the upper-air low showed a closed circulation at 700 mb and 500 mb
. only briefly during the middle of the period. A comparison of Boucher's4 model
describing the evolution of cloud patterns attending the development and decay of
a middle létitude cyclone with the cloud patterns seen throughout the history of the
16 May storm would suggest that these cloud patterns had not developed beyond the
stage he has called '"The Open Wave.'' An example of the lack of any vortex cloud
pattern was seen by TIROS on 6 April 1960. An occlusion on the surface analysis
over the north~central United States was associated with a shallow trough in the
upper=-air pattern. The TIROS pictures showed only a band. of ’clouds ahead of this
~occlusion. ’ ‘ '

The observations in this case study indicate that the ''katafront'' could be
described better in terms of upper-air advection with reference to the surface
front than by+the vertical motion occurring within a frontal zone.

A general conclusion resulting from a limited study such as this is that the
TIROS pictures are particularly well suited for the study of horizontal advection
and show promise of yielding quantita’,cive information.



10,

11,

12,

43,

14.

27

References

Air Weather Service Meanual 105-124, ''Use of the Skew-T Log P Diagram in
‘ Analysis and Forecasting, '' Volume 1, Radiosonde Analysis, (45 March 1964).

Bergeron, T., ""The Physics of Fronts, '' Bulletin of The American Meteoro-
logical Society, 18, pp. 265-275, (1937).

Boucher, R. J., ''Synoptic~Physical Implications of 1.25cm Vertical Beam
Radar Echoes, '' Meteorological Radar Studies No. 5, Blue Hill Meteorologi~
cal Observatory, Harvard University, (1957).

Boucher, R. J., ''Synoptic Interpretation of the TIROS Satellite Vortex
Patterns, '' TIROS Meteorology, ed. by A. H. Glaser, Final Report Contract,
AF19(604)-5584, Allied Research Associates, Inc., pp. 30-42, (1964).

Bristor, C. L. and M. A. Ruzecki, '"TIROS I Photographs of the Midwest
Storm of April 1, 1960, Monthly Weather Review, 88, pp.315-326, (1960).

Conover, J. H., Personal Communication, (1960).

Dean, C., ''Attitude Determination From TIROS Photographs, !'' TIROS
Meteorology, ed. by A, H. Glaser, Final Report Contract AF19(604)-5584,
Allied Research Associates, Inc., pp. 64-96, (1961).

Leese, J. A., '"The Life-Cycle of a Pacific Frontal System, '' Contributions to
Satellite Meteorology, Volume II, ed. by F. R. Valovcin, AFCRL No. 438,
GRD Research Notes No. 36, (April 1961),

" QOliver, V. J., ""TIROS Pictures a Pacific Frontal Storm, '' Weatherwise, 13,

No. 5 Cover, (October 1960).

Reed, R. J., "'A Study of a Characteristic Type of Upper-Level Frontogenesis, '*
Journal of Meteorology, 12, pp. 226-237, (1955).

Sadler, J. C., ''The First Hurricane Track Determined by Meteorological
Satellites, '' Indian Journal of Meteorology and Geophysics (January 1962).

Sansom, H. W., "A Study of Cold Fronts over the British Isles, '' Quarterly
' Journal of the Royal Meteorological Society, 77, pp. 96-120, (4954).

Sawyer, J. S., ''The Free Atmosphere in the Vicinity of Fronts, '' Geophysical
Memoirs No.96, Meteorological Office, London, {1955).

Wexler, R. and D. Atlas, '"Vertical Structure of Continuous Streamer-form
Precipitation, '' Meteorological Radar Studies No. 10, Blue Hill Meteoro-
logical Observatory, Harvard Univergity, (1958). -




GRD RESEARCH NOTES

No. 1. Contributions to Stratospheric Meteorology, edited by George Ohring, Aug 1958.

No. 2. A Bibliography of the Electrically Exploded Wire Phenomenon, W. G. Chace, Nov 1958.
No. 3. Venting of Hot Gases Through Temperature Inversions, M. 4. Estoque, Dec 1958:

No. 4. Some Characteristics of Turbulence at High Altitudes, M. 4. Estoque, Dec 1958.

No. 5. The Temperature of an Object Above the Earth’s Atmosphere, Marden H. Seavey, Mar 1959.
No. 6. The Rotor Flow in the Lee of Mountains, Joackim Kuettner, Jan 1959. '

No. 7. The Effect of Sampler Spacing on Basic Analyses of Concentration Data, Duane A. Haugen,
Jan 1959,

No. 8. Natural Aerosols and Nuclear Debris Studies, Progress Report I, P, J, Drevinsky, C. E.
Junge, 1. H. Blifford, Jr., M. I. Kalkstein and E. A. Martell, Sep 1958.

No. 9. Observations on Nickel-Bearing Cosmic Dust Collected in the Stratosphere, Herman Yagoda,
Mar 1959.

No. 10. Radioactive Aggregates in the Stratosphere, Herman Yagoda, Mar 1959,

No. 11. Comments on the Ephemerides and Constants for a Total Eclipse of the Sun, R. C Cameron
and E. R. Dyer, May 1959,

No. 12. Numerical Experiments in Forecasting Air and Soil Temperature Profiles, D. W. Stevens,
Jun 1959.

No. 13. Some Notes on the Correlation Coefficient, S.M. Silverman, May 1959.

No. 14. Proceedings of Military Geodesy Seminar, December 1958, Air Force Cambridge Research
Center (U), edited by O. W. Williams, Apr 1959. (SECRET Report)

No. 15. Proceedings of the First Annual Arctic Planning Session, November 1958, edited by Joseph
H. Hartshorn, Apr 1959,

No. 16. Processes for the Production and Removal of Electrons and Negative Ions in Gases, S.M.
Silverman, Jun 1959,

No. 17. The Approximate Analysis of Zero Lift Trajectories, Charles Hoult, Aug 1959.

No. 18. Infrared Measuring Program 1958 (IRMP 58) — Activities, Achievements, and Appraisal (U),
M.R. Nagel, Jul 1959. (SECRET Report)

No. 19. Artificial Radioactivity from Nuclear Tests up to November 1958, E. A. Martell, Sep 1959
No. 20. A Preliminary Report on a Boundary Layer Numerical Experiment, M.A. Estoque, Oct 1959,

No. 21. Recent Advances in Contrail Suppression, (U), S. J. Birstein, Nov 1959. (CONFIDENTIAL
Report)

No. 22. A Note Comparing One Kilometer Vertxcal Wind Shears Derived from Slmultaneous AN/GMD-1A
and AN/GMD-2 Winds Aloft Observations, H. A. Salmela and N. Sissenwine, Oct 1959.

No. 23. Atmospheric Refraction of Infrared Radiation, I. P. Condron, Oct 1959.

No. 24. Natural Aerosols and Nuclear Debris Studies, Progress Report 1I, M. I. Kalkstein, P. J.
Drevinsky, E. A. Martell, C. W. Chagnon, J. E. Manson, and C. E. Junge, Nov 1959.

No. 25. Observations of Jupiter Missile Re-Entry, (U), R. G. Walker, R. E. Ellis and R. E. Hunter,
Dec 1959, (SECRET Report)

No. 26. Space Probes and Persistence of Strong Tropopause Level Winds, H. Salmela and N.
Sissenwine, Dec 1959,

No. 27. A Relativistic Treatment of Strong Shock Waves in a Classical Gas, 4. W. Guess, Dec 1959,
No. 28. Measurements of Flux of Small Extraterrestrial Particles, H. 4. Coken, Jan 1960.

No. 29. Proceedings of the Second Annual Arctic Planning Session, October 1959, edited by Vivian
C. Bushnell, Dec 1959.

No. 30. Atmospheric Pressure Pulse Measurements, (U), Elzsabeth F. Iliff, Jan 1960. (SECRET
Report «~ Formerly Restricted Data)



No. 31.
No.32.
No. 33.
No. 34.
No. 35.
No; 36.

No. 37.

No. 38.
No. 39.
No. 40.
No. 41.
No. 42.

No..43.
No. 44.

No. 45.
No. 46.

No. 47.

" No. 48.

No. 49.

No. 50.
No. 51.

No. 52.
No. 53.
Na 54.

GRD RESEARCH NOTES (Contiuued)

A Discussion of the Calder Equation for Diffusion from a Continuous Point Source,

‘W. P. Elliott, May 1960.

Lagrangian and Eulerian Relationships in the Absence of Both Homogeneity and Time
Steadiness, M. L. Barad and-D. A. Haugen, May. 1960.

Therma]-Radiation from Rocket Exhausts .at-Extreme Altitudes, ( U) R. G, Walker, R. E. Hunter,

and'J. T. Neu, Jun 1960. (SECRET Report)

Thermal Radiation Measurement from an Aerobee Hi Research Rocket, R. G. Walker, and
R. E. Hunter, Dec 1960.

- Additional ‘Note --:Strong Vertical Wind:Profiles and Upper-Level Maximum Wind SpeedsOver

Vandenberg Air Force Base, H. 4. Sa‘lmela,and N. Sissenwine, May 1960,

Contributions to Satellite Meteorology, Vol. 1., edited by W. K. Widger, Jr., Jun 1960,
Vol. IL., edited by F. R. Valovcin, Apr 1961.

IRMP Participation in Operation Big Arm - Activities, Results and Appraisal (U), Final Report,

M. R. Nagel, et al, Jun 1960, (SECRET Report)

Examples of Project TerB Data and Their Practxcal Meteorologlcal Use, W. K. Widger, ]r.,
July 1960,

Exploration of the Ionosphere with Telemetering Monochromators and Retarding: Potential

Analyzers, H, E. Hinteregger, Aug 1960,

Proceedings of the Second Annual AFCRC Seminar on Mlhtary Geodesy, edited by
T. E. Wirtanen, (SECRET Report) Nov 1960.

' Tangential Velocity Measurements - An Independent Approach to Geodesy, B. C. Murray and

N. H. Dieter, Sep 1960.

Topographic Charts at One-Degree Intersections for the Entire Earth L. Berkofsky and
E. A. Bertoni, Sep 1960.

'Cosmxc-wRay Monitoring of the Manned Stratolab Balloon Flights, Herman: Yagoda, Sep 1960,

Methods for the Evaluation.of the Green’s Function:Arising in the Linear Barotropic
Numerical Weather Prediction:Theory, L. -Berkofsky, Nov 1960,

‘Observation of Thor Missile Re-entry, (U) R. Ellis, Oct 1960, (SECRET Report)

Background Measurements During the Infrared Measuring Program 1956 (IRMP 56) (Unclassified
excerpts from the. proceedings of the symposium on IRMP-56), edited by Max R. Nagel, Nov 1960.

Wind Speeds from GMD-1 Ascents Computed Electronically Compared to Plotting Board Results,
H. A. Salmela, Oct 1960,

The :Numerical Solution of Fredholm Integral Equations of the First Kind, J. T. Jefferies and
F. Q. Orrall, Nov 1960.

Infrared Spectra of High Altitude Missile Plumes, (U), Lt. R. E. Hunter, Jan 196}, (SECRET Rep0")

Aids for Computing Stratospheric Moisture, Murray Gutnick, Jan 1961.

Some Applications of the Method of Least Squares to Estimating the Probability of a

Future Event. . A. Lund, Jan 1961.

Winds and Circulations in the Mesosphere, 7. J. Keegan, Feb 1961.

Gravity Observations Along the Northern Coast of Ellesmere Island, F. 4. Crowley, Feb 1961.

Radiation Studies from Nuclear Emulsions and Metallic Components Recovered from Polar
Satellite Orbits, H. Yagoda, Mar 1961.



No. 55.

No. 56.

No. 57.

No. 58.

No. 59.

No. 60,
No. 61.

No. 62.

No. 63.

No. 64.
No. 65.

No. 66.
No. 67.
No. 68.

No. 69.

No. 70.
No. 71.

No. 72.

GRD RESEARCH NOTES (Continued)

Proceedings of the Third Annual Arctic Planning Session, November 1960, edited by
G. Rigsby and V. Bushnell, April 1961,

Horizontal Sounding Balloon Feasibility Study Maj. T. Spalding and S. B. Solot,
May 1961.

Instability and Vertical Motions in the Jet Stream, J. P. Kuettner and G. S. McLean,
May 1961,

A Study of Sacramento Peak Flares II: Flare Areas and Importance Classifications,
(to be published).

A Study of Sacramento Peak Flares I: Distribution, Areas, and Growth Curves,
H. ]. Smith, April 1961,

Hourly Rawinsondes for a Week, 4. Court and H. A. Salmela, July 1961.

New Vacuum Ultraviolet Emission Continua in the Rare Gases, R. E. Huffman,
W. W. Hunt, Y. Tanaka, R. L. Novak, and J. C. Larrabee, July 1961,

Bibliography of Lunar and Planetary Research - 1960 (With Annotations), J. V. Salisbury
and L. T. Salisbury, Jul 1961,

Flight Information and Experimental Results of Inflateble Falling Sphere System for
Measuring Upper-Air Density, G. A. Faucher, R. W. Procunier and C. N, Stark, Aug 61.

Maximum Winds and Missile Responses, H. A, Salmels and A. Court, Aug 61.

Meteorological Evaluation and Application of Rainfall Radioactivity Data, Per B. Storebg,
Aug 1961,

The Formation of Jons in the Upper Atmosphere, R, E. Huffman, (to be published).
Studies in Lunar Topography, Zdenek Kopal, (to be published).

An Example of Chromompheric Striation Obscuration by a Great Flare, H. J. Smith and
W. D. Booton, Aug 61.

A Numerical Method for Computing Radiative Temperature Changes Near the Earth’s
Surface, W. P. Elliott and D. W, Stevens, Sep 61.

Location of a Lunar Base, J. W. Salisbury and C. F, Campen, Jr., (to be published).
Micrometeorite Collection from a Recoverable Sounding Rocket, R. K. Soberman, et al,

(to be published),

Micrometeorite Measurements from the Midas II, (1960 Zeta 1) Satellite, R. K. Soberman
and L. Della Lucca, Nov 61.



Geophysics Research Directorate
Air Force Cambridge Research Laboratories
L. G, Hanscom Field, Bedford, Mass.,
THE ROLE OF ADVECTION IN THE FORMATION
OF VORTEX CLOUD PATTERNS by J. A. Leese,
February 1962, 27 pp incl. illus. tables (GRD
Research Notes No. 78; AFCRL-62-286)
: Unclassified report

A case study of the*spiral cloud patterns associated
with an atmospheric vortex, as séen by TIROS I, -
shows that advection can be a dominant mechanism
in the Tormation of these patterns., This advection
is then interpreted interms of the horizontal and
vertical struéture of the low pressure system with
which the clotids are associated, A comparison of
the vortex cloud patterns (at time of maximum de-
velopment of the spiral clear area) withBergeron's
two common types of -cold fronts indicates that
these patterns’should be attributed to upper-aid
advection relative to the surface front rather than
-] to vertical motion along the front. The similari -
S (over)

b e e . e e . e —— —— e — —— — —— — —

Geophysics Research Directorate

Alr Force Cambridge Research Laboratories

L. G, Hanscom Field, Bedford, Mass,
{ THE ROLE OF ADVECTION IN THE FORMATION
1 OF VORTEX CLOUD PATTERNS by J. A, Leese,

February 1962, 27 pp incl. illus, tables (GRD

Research Notes No, 78; AFCRL.-62-286)

Unclassified report

A case study of the spiral cloud patterns associated
-] with an atmospheric vortex, as seen by TIROS I, -
shows. that advection can be a dominant mechanism
in the formation of these patterns. This advection
is then interpreted in terms of the horizontal and
vertical structure of the low pressure system with
which the clouds are associated. A comparison of
the vortex cloud patterns (at time of maximum de-
velopment of the spiral clear area)with Bergeron's
two common types of cold fronts indicates that .
these patterns should be attributed to upper-aid
advection relative to the surface front rather than
to vertical motion along the front, The sim(j.larij
over

| _ UNCLASSIFIED

1. Clouds
2. Meteorological Data

I. Leese, John A,

"UNCLASSIFIED
1. Clouds

I. Leese, John A,

UNCLASSIFIED

2. Meteorological Data '

Alr Force Cambridge Research Laboratories
L. G. Hanscom Field, Bedford, Mass.
| THE ROLE OF ADVECTION IN THE FORMATION
| OF VORTEX CLOUD PATTERNS by J. A. Leese,
February 1962, 27 pp incl, illus, tables (GRD
| Research Notes No. 78; AFCRL -62-286)
] Unclassified report

1
| Geophysics Research Directorate
|

| A ¢ase’study of the spiral cloud patterns associatel |

I with an atmospheric vortex, as seen by TIROS I,
shows that advection can be a dominant mechanism

| in the formation of these patterns, This advection

I is then interpreted in terms of the horizontal and
vertical structure of the low pressure system with

lwhich the clouds are associated. A comparison of

] the ‘vortex cloud patterns (at time of maximum de-
velopment of the spiral clear area)with Bergeron's

| two common types of cold fronts indicates that
thes~ patterns should -be attributed to upper-aid - .
advection relative to the surface front rather than

| to vertical motion along the front. The similari-)

(over

I Geophysics Research Directorate
] Alr Force Cambridge Research Laboratories
L., G, Hanscom Field, Bedford, Mass,

| THE ROLE OF ADVECTION IN THE FORMATION

] OF VORTEX CLOUD PATTERNS by J. A. Leese,
February 1962. 27 pp incl. illus. tables (GRD
Research Notes No, 78; AFCRL -62-286)

| Unclassified report

Fa éase study of the spifal cloud patterns associated |

| with an atmospheric vortex, as seen by TIROS I,
shows that advection can be a dominant mechanism
| in the formation of these patterns. This advection
is then interpreted in terms of the horizontal and
vertical structure of the low pressure system with
| which the clouds are associated.. A comparison of
| the vortex cloud patterns (at time of maximum de-
velopment of the spiral clear area)with Bergeron's
| two common types of cold fronts indicates that
| these patterns should be attributed fo upper-aid
advection relative to the surface front rather than
| to vertical motion along the front. The similari-

UNCLASSIFIED

- 1, Clouds
2. Meteorological Data

I. Leese, John A,

_ UNCLASSIFIED_
UNCLASSIFIED

1, Clouds
2. Meteorological Data

I, Leese, John A,

i (over)

UNCLASSIFIED

—




ties displayed by the spiraling vortex cloud patterns
seen by TIROS I would suggest that the features
found in this detailed case study would also hold for
other cases in which this particular cloud pattern
exists. The spiraling vortex patterns can be asso-
ciated with a low-pressure area on the surface anal-
ysis, but no general statement can be made that the
reverse is also true, This case study indicates
that the TIROS pictures are particularly well suited
for the study of horizontal advection and show prom-
ise of yielding quantitative information,

ties displayed by the spiraling vortex cloud patternsj
seen by TIROS I would suggest that the features
found in this detailed case study would also hold for
other cases in which this particular cloud pattern
exists, The spiraling vortex patterns can be asso-

ysis, but no general statement ¢an be made that the
reverse is also true. This case study indicates

that the TIROS pictures are particularly well suited
for the study of horizontal advection and show prom/
ise of yielding quantitative information,

ciated with a low-pressure area on the surface analy

UNCLASSIFIED

UNCLASSIFIED

UNCLASSIFIED

UNCLASSIFIED

- ties displayed by the spiraling vortex cloud patterns
: seen by TIROS I would suggest that the features

: found in this detailed case study would also hold for
: other cases in which this particular cloud pattern

- exists. The spiraling vortex patterns can be asso-
. ciated with a low-pressure area on the surface anal
: ysis, but no general statement can be made that the
: reverse is also true, This case study indicates

- that the TIROS pictures are particularly well suited
. for the study of horizontal advection and show prom-
. ise of yielding quantitative information,

- ties displayed by the spiraling vortex cloud patterns
- seen by TIROS I would suggest that the features

: found in this detailed case study would also hold for
: other cases in which this particular cloud pattern

: exists. The spiraling vortex patterns can be asso-
- ciated with a low-pressure area on the surface anal
. ysis, but no general statement can be made that the
. reverse is also true, This case study indicates

- that the TIROS pictures are particularly well suited
- for the study of horizontal advection and show prom-
- ise of yielding quantitative information.

UNCLASSIFIED

UNCLASSIFIED

UNCLASSIFIED

UNCLASSIFIED




Geophysics Research Directorate
Atr Force Cambridge Research Laboratories
L. G. Hanscom Field, Bedford, Mass.
THE ROLE OF ADVECTION IN THE FORMATION
OF VORTEX CLOUD PATTERNS by J. A. Leese,
February 1962, 27 pp incl, illus. tables (GRD
Research Notes No. 78; AFCRL-62-286)
: Unclassified report

A case study of the spiral cloud patterns associated
with an atmospheric vortex, as seen by TIROS 1,
shows that advection can be a dominant mechanism
in the formation of these patterns. This advection
is then interpreted in terms of the horizontal and
vertical structure of the low pressure system with
which the clouds are associated. A comparison of
the vortex cloud patterns (at time of maximum de-
velopment of the spiral clear area) with Bergeron's
two common types of cold fronts indicates that
these patterns should be attributed to upper-aid
advection relative to the surface front rather than
to vertical motion along the front. The similari-
(over)

pt e e e e ———— ——— . —— ——— — — ——

Geophysics Regearch Directorate

Alr Force Cambridge Research Laboratories

L, G, Hanscom Field, Bedford, Mass,
THE ROLE OF ADVECTION IN THE FORMATION
OF VORTEX CLOUD PATTERNS by J. A. Leese,

February 1962, 27 pp incl. illus, tables (GRD

Research Notes No, 78; AFCRL-62-286)

Unclassified report

A case study of the spiral cloud patterns associated
'} with an atmospheric vortex, as seen by TIROS I,
shows that advection can be a dominant mechanism
in the formation of these patterns., This advection
is then interpreted in terms of the horizontal and
vertical structure of the low pressure system with
which the clouds are associated. A comparison of
the vortex cloud patterns (at time of maximum de-
velopment of the spiral clear area) with Bergeron's
two common types of cold fronts indicates that
these patterns should be attributed to upper-aid
advection relative to the surface front rather than
to vertical motion along the front, The similari-

(over)

UNCLASSIFIED

1. Clouds
2. Meteorological Data

I. Leese, John A,

__ UNCLASSIFIED _ 4

UNCLASSIFIED

1, Clouds .
2. Meteorological Data

I. Leese, John A,

UNCLASSIFIED

r

! Geophysics Research Directorate

I Alr Force Cambridge Research Laboratories

: L. G, Hanscom Field, Bedford, Mass.

| THE ROLE OF ADVECTION IN THE FORMATION

] OF VORTEX CLOUD PATTERNS by J. A. Leese,
February 1962, 27 pp incl, illus, tables (GRD

| Research Notes No. 78; AFCRL-62-286)

) Unclassified report

| A case study of the spiral cloud patterns associatet!
with an atmospheric vortex, as seen by TIROS I,
shows that advection can be a dominant mechanism
lin the formation of these patterns. This advection
is then interpreted in terms of the horizontal and
vertical structure of the low pressure system with
| which the clouds are associated, A comparison of
I the vortex cloud patterns (at time of maximum de-
velopment of the spiral clear area)with Bergeron's
| two common types of cold fronts indicates that
I thes~ patterns should be attributed to upper-aid
advection relative to the surface front rather than
1to vertical motion along the front., The similari-)
(over

— —— —— e —— e p— —— —— — ——— — —— — — —

I Geophysics Research Directorate
i Alr Force Cambridge Research Laboratories
L. G. Hanscom Field, Bedford, Mass,

| THE ROLE OF ADVECTION IN THE FORMATION

] OF VORTEX CLOUD PATTERNS by J. A. Leese,
February 1962. 27 pp incl, illus, tables {(GRD
Research Notes No, 78; AFCRL-62-286)

] Unclassified report

I A case study of the spiral cloud patterns associated

| with an atmospheric vortex, as seen by TIROS I,
shows that advection can be a dominant mechanism

| in the formation of these patterns. This advection

| is then interpreted in terms of the horizontal and
vertical structure of the low pressure system with

| which the clouds are associated. A comparison of
the vortex cloud patterns (at time of maximum de-
velopment of the spiral clear area)with Bergeron's

| two common types of cold fronts indicates that

| these patterns should be attributed to upper-aid
advection relative to the surface front rather than

| to vertical motion along the front, The similari-

i _ (over)

UNCLASSIFIED

1. Clouds
2, Meteorological Data

I. Leese, John A,

— UNCLASSIFIED_
UNCLASSIFIED

1, Clouds
2. Meteorological Data

I. Leese, John A,

UNCLASSIFIED

]




ties displayed by the spiraling vortex cloud patterns
seen by TIROS I would suggest that the features
found in this detailed case study would also hold for
other cases in which-this particular cloud pattern
exists. The spiraling vortex patterns can be asso-
ciated with a low-pressure area on the surface anal
ysis, but no general statement can be made that the
reverse is also true, This case study indicates
that the TIROS pictures are particularly well suited
for the study of horizontal advection and show prom/
ise of yielding quantitative information,

..............................................

ties displayed by the spiraling vortex cloud patternsL
seen by TIROS I would suggest that the features
found in this detailed case study would also hold for
other cases in which this particular cloud pattern
exists, The spiraling vortex patterns can be asso-
ciated with a low-pressure area on the surface anal/
ysis, but no general statement can be made that the
reverse is also true, This case study indicates
that the TIROS pictures are particularly well suited
for the study of horizontal advection and show proms-
ise of yielding guantitative information,

UNCLASSIFIED

UNCLASSIFIED

UNCLASSIFIED

UNCLASSIFIED

- ties displayed by the spiraling vortex cloud patterns
. seen by TIROS I would suggest that the features

: found in this detailed case study would also hold for
- other cases in which this particular cloud pattern

- exists,
. ciated with a low-pressure area on the surface anald
. ysis, but no general statement can be made that the
. reverse is also true,
- that the TIROS pictures are particularly well suited
. for the study of horizontal advection and show prom-
. ise of yielding quantitative information,

The spiraling vortex patterns can be asso-

This case study indicates

- ties displayed by the spiraling vortex cloud patterns
- seen by TIROS I would suggest that the features

- found in this detailed case study would also hold for
: other cases in which this particular cloud pattern

- exists, The gpiraling vortex patterns can be asso-
- ciated with a low-pressure area on the surface anal-
- ysis, but no general statement can be made that the
! reverse is also true, This case study indicates

: that the TIROS pictures are particularly well suited
for the study of horizontal advection and show prom-
ise of yielding quantitative information,

UNCLASSIFIED

UNCL.ASSIFIED

UNCLASSIFIED

UNCLASSIFIED




