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Yun-Mei Chang
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ABSTRACT

The growth of two fast-spreading anvil clouds is studied from a
sequence of ATS-III pictures on July 26, 1969, The anvil boundaries
and cloud elements on the anvil edges are traced. Anvil boundaries are
drawn at one-hour intervals and the cloud motion fields are thus calcu-
lated. The results are related to a moving tropical depression with a
warm core anticyclone aloft., It is suggested that the tracking of anvil
boundaries from satellite pictures is useful in obtaining a reliable and
accurate upper-divergence field over disturbances in the tropics, and,
thus, makes it possible to obtain a better comprehension of the mecha-

nism in tropical circulations.

1. INTRODUCTION

The existence of an upper divergence field at tropopause level in the tropics has
been found by many researchers. This upper divergence is manifested by fast-spreading
anvil clouds. Studies of the outflow field associated with these clouds have been used to
investigate the characteristics of thunderstorms as well as tornadoes. Among others,
the spreading rate of anvil clouds in relation to the severe storms was studied by Fujita
and Bradbury (1969). Sikdar et al. (1970) suggested that the cloud divergence at the top
of an intense convection zone can be calculated to estimate the probable severity of a
particular weather phenomenon for the next few hours. The growth of anvils in the
thunderstorm clusters was also measured by Purdom (1971) by using the ATS imagery,

and a pause in the anvil growth was found preceding the tornado.



In this report, the emphasis is placed upon the determination of the anvil area
by tracking the anvil boundaries from a series of ATS time-lapse pictures which was
a concept pioneered by Fujita (1974), The cloud elements of the anvil edge are also
tracked and the cloud velocities are thus calculated by the METRACOM System
developed at the University of Chicago. In an attempt to learn more about the traits of
the spreading anvils, the hourly analysis of the growth of the anvil area, the upper
divergence vorticity, outflow and circulation fields are obtained., The main purpose of
the study is to examine the relation between the characteristics of the anvil growth and

the development and movement of a large-scale weather system,

2. TRACKING OF ANVIL BOUNDARIES

A sequence of nineteen ATS-III pictures for July 26, 1969 is used, which has
first frame time of 1233 Z and last frame time of 1903Z as shown in Fig, 1. To identify
the locations of anvil clouds, pictures with clear landmarks are selected. The anvil
clouds shown on the pictures are very bright with prominent cirriform clouds around,
Strong updrafts under the bright anvil top are not detected from the satellite photographs.
Anvil boundaries are traced manually from the ATS pictures which have been projected
and enlarged to identical size on a film projector.

Two growing anvils are studied. One is centered initially around 15°N and 59° W
(anvil A), while the other (anvil B) is around 11.5°N and 65°W. Anvil A, which is
rectangular-shaped at the beginning period, has a dimension about 74 km in length and
46 km in width; by the end period it is almost elliptically-shaped with major and minor
axes of 322 km and 276 km, respectively. Anvil B has a rectangular dimension of about
64 km in length and 43 km in width at the beginning and again an elliptical shape, with
major and minor axes of 150 km and 111 km, respectively, toward the end period is
noted. The time interval between frames for the nineteen pictures averages 13 minutes,
with the exception of the two frames before the last frame which have about a two-hour
interval. The method employed in tracing the boundaries of anvils A and B is such that
a set consisting of every other frame, beginning with the first picture and including the
last three frames is traced first. Then the remaining set is traced next on the same

sheet,
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Fig. 1. The first frame, 1233Z (top portion), and last frame, 1903Z
(bottom portion), of the satellite picture sequence for July 26, 1969.



While tracking the boundaries, it is noticed that the anvil growth is not symmetric,
Anvil A is composed of two groups of cloud clusters. A newly formed cloud cluster grows
and forms the right part of anvil A, This right side cloud cluster spreads to the east,
since the cloud cluster on the left side of anvil A forms a sort of restraining block as it
simultaneously expands westward. The boundaries thus tracked include both the newly-
formed and pre-formed cloud clusters. The west edge of anvil A expanded much faster
than the east edge. It started growing at 1350 Z and expanded quite rapidly until about
1838 Z; then the expansion rate decreased and the edge became vague and disappeared
after 1903 Z.

Anvil B has been in the growth stage since the time of the first frame, expanding
and moving at the same time. The edge of anvil B became fuzzy by 1507 Z, then dis-
appeared and new clouds formed to the north afterwards.

Figure 2 shows the location of the expanding anvils A and B on July 26, 1969. The
shaded portions are the initial cloud configurations while the closed curves indicate the
expanded areas. The observed 200 mb winds at 1200Z are plotted. The track of a

tropical depression for this day, which will be discussed in Section 5, is also shown,

3. EXPANSION OF ANVIL CLOUDS

In addition to the anvil boundaries, the trajectories of the anvil edge are also
obtained by tracking the motion of cloud elements from one frame to the next, Anticy-
clonic curvature of cloud trajectories are found on both anvils A and B. This is expected
in the upper divergence level where a storm affects the area at lower level.

Hourly analyses of the anvil boundaries are drawn and the velocities of cloud
motions are then calculated by the METRACOM System developed at SMRP, The Univer-
sity of Chicago. This system combines the manual tracking of cloud motions from
time-lapse movie loop by trained meteorologist and the computer calculations of the
cloud velocities after digital data of cloud positions are digitized from an electronic
digitizer, For detailed discus.sion of METRACOM System, see the report by Chang et al.
(1973).
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anvils A and B together with the 200 mb data at 1200 Z for July 26, 1969.
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The computed cloud velocities together with the hourly boundaries for anvil A
are shown in Fig. 3. The cloud velocities reveal a faster expansion over the western
and northwestern edge and slower expansion to the eastern and southeastern edge.
The right part of the anvil which is a newly-formed cloud cluster, as discussed in
Section 2, has an envelope which is shown by a dashed line, The maximum speed of

the cloud element in anvil A is 32 kts toward north-northwest between 1600 and 1700 Z,
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Fig. 3. Hourly analysis of expanding anvil cloud A, Anvil boundaries
and cloud velocities at the anvil edge for area "A" in Fig. 2 are shown,
Dashed line is the envelope of a newly formed cloud cluster at the right
portion of the anvil,

while the minimum speed is 2 kts towards the south-southeast between 1800 and 1900 Z.
The whole anvil has a tendency to expand toward the northwest direction and the expan-
sion speed of the anvil edge increased continuously from 1400 Z until 1800Z, and there-
after decreased. This corresponds to what has been observed when tracking the anvil
boundaries and is discussed in Section 2,

Figure 4 is the hourly analysis of the boundary and computed cloud velocities
for anvil B. Cloud computations in anvil B show a maximum speed of 27 kts towards
the north-northwest direction on its northwest edge between 1300 and 1400Z, and a
minimum speed of 2 kts toward the northwest direction on its eastern edge between
1200 and 1300 Z. The anvil edge increased its speed from 1200 Z, reached its maximum
speed some time between 1300 and 1400 Z, then decreased its speed afterwards.

This also corresponds to that observed when tracking the boundaries. The motion of
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anvil B, different from that of anvil A, included a movement toward the northwest besides

expansion in the same difection as discussed in Section 2, The dashed line is its
envelope. This may be due to the large scale flow at that level. A contour analysis
for 1350 Z to 1454 Z at 200 mb, taken from Chang and Tecson (1974) is shown in Fig, 5.

The large scale pattern reveals a southeasterly flow over the anvil areas,

4, KINEMATIC ANALYSES OF ANVIL GROWTH

Figure 6 is the hourly change of anvil A and anvil B areas from 1200 Z to 1900 Z,
The areas were measured by a planimeter. The fast spreading of the anvils can be
seen from their area growth. For anvil A, however, there is a noticeable decrease of
the area growth rate in the last hour. This indicates that anvil A is dying out at that
time.

The hourly area mean divergence and mean vorticity are obtained by using
the computed cloud velocities, They are calculated by the two-dimensional Gauss

theorem and Stokes theorem, namely, by the following formulas

mean divergence = V.V = I—fV X ds

mean vorticity = Yxy = % fV" ds

where "—" represents the area mean, A is the anvil area, V, and V, denote the



normal and tangential components of cloud velocity along the anvil boundary, respec-
tively, and ds is a small element along the anvil boundary. The mean divergence
and mean vorticity for every hour are shown in Fig. 7 and Fig. 8, respectively. The
anticyclonic vorticity for both anvil A and anvil B have a much smaller order of magni-
tude, about 1 hr-! ., This indicates that the anvils have much more expansion motion
than rotation, Except for the 1st hour for anvil B, both mean divergence field and
mean vorticity field for both anvils have a tendency of decreasing with time,

The |oudlow and circulation along the hourly boundaries are also calculated
by using the cloud velocities for each hour and are shown in Fig. 9 and Fig. 10,
respectively. Both figures exhibit intensification during the beginning hours and then
weakening later, since the anvils are dying out eventually. Again, the circulation

field is comparably smaller than the outflow field by about one order of magnitude.
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Fig. 5. 200 mb contour analysis for July 26, 1969 (1350-1454 Z) from
the calculated high-cloud velocity field and the observed wind data at 1200Z
for the area covered by both anvils A and B.

(From Chang and Tecson, 1974)
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Fig. 6. Areas covered by expanding anvil clouds A and B for July 26, 1969,

5. ANVIL GROWTH IN RELATION TO THE CHARACTERISTICS OF LARGE-SCALE
WEATHER SYSTEM
From the aircraft and ship reports, a tropical depression was located near
the vicinity east of Martinique and north of Barbados on July 26, 1969, A weak anti-
cyclone was superimposed over the depression at upper level. This very well-defined

circulation was a warm core system which extended throughout the lower and middle
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Fig. 8. The area mean vorticity of anvils A and B for July 26, 1969,

troposphere., The convection was very organized in this system., A preliminary
analysis was reported by Fernandez-Partagas and Estoque (1970).

The vertical time cross section of wind at Barbados for 1200Z, 1500Z, 1800 Z,
2100 Z and 2400 Z, July 26, 1969 are shown in Fig. 11. During the period, the wind
at lower troposphere over Barbados showed a marked wind shift from the southwest to
the southeast direction with maximum surface wind speed sometime after 1500Z but
closer to 1800 Z. This can be closely associated with the cyclonic circulation moving

from northeast of Barbados, passing through the north around 1400 Z as it moved to

10
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the northwest of Barbados, The cirrus bands observed over Barbados at 1200Z are
associated with the cyclonic system located to the northeast, The sounding at Barbados
at 1200 Z, July 26, 1969 is shown in Fig. 12, The southeast winds at 10.5 km are due

to the anticyclone superimposed over the depression.
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Fig. 9. The outflow from the boundaries of anvils A and B for July 26, 1969,
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Fig. 10. The circulation along the boundaries of anvils A and B for
July 26, 1969,
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The growing anvils A and B, observed from the satellite pictures, can be con-
sidered as a consequence of the strong low-level convection produced in the large scale
weather system discussed above, of which anvil B had much less strength compared
with anvil A, The anticyclonic circulation shown in Fig. 10 is also, as expected,
evidence of the anticyclone aloft. A maximum of outflow (see Fig. 9) and circulation
of anvil A at 1600Z reveal the full development of the weather system at that time.
When the system passed during the late hours of the anvil growth period, there was a
consequential decrease of outflow. The maximum growth or horizontal spreading that
appears at the west edge of both anvils A and B is related not only to the large-scale

easterlies but also to the westward movement of the large-scale weather system,

6. CONCLUSIONS

It has been shown that by tracking the anvil boundaries from a sequence of ATS
picture enlargements near the Barbados area, reliable mean divergence and outflow
fields at upper level can be obtained. Detailed analysis of the hourly anvil boundaries
and cloud velocities over the anvil area reveals not only a close relation but also a
good correspondence between the growth of the anvils and the existence and movement
of a large-scale weather system, Although the anvil growth superimposed on the
large-scale motion in the tropics is one of the small-scale disturbances, and since the
large-scale motion is totally different from the cloud motion over the anvil area, itis
thus suggested that the tracking of anvil boundaries could certainly give more under-
standing to the mechanism of tropical circulation,

However, more simultaneous upper-air observations at the anvil area are
necessary to analyze and interpret the physics of the anvil growth. Further studies
of anvil growth over the tropics are needed to investigate the interactions between

small-scale convective disturbances and large-scale atmospheric circulation.
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