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CLOUD VELOCITIES OVER 'IHE NOR 1H ATLANTIC 

COMPUTED FROM ATS PICTURE SEQUENCES 

Yun-Mei Chang and Jaime J. Tecson 
Department of the Geophysical Sciences 

The University of Chicago 

ABSTRACT 

Cloud velocities are obtained in two levels over the North Atlantic area from 

sequences of ATS- III pictures for eleven days in July 1969 during the BOMEX phase 

IV experiment. Over 800 cloud vectors are calculated for each day. Detailed high

and low-level flows are analyzed by using computed cloud motion data and observed 

200 mb heights and winds. A model is developed for analyzing the high- level outflow 

from overshooting cloud tops based on thermodynamics and statistics . Results are 

compared with synoptic observations. It is found that the cloud data reveal various 

motions in different scales, and it can be concluded that in spite of the scarcity of 

observations over the tropical area, especially over the ocean areas, the tropical 

circulations can be described through the cloud motions much more accurately and 

realistically than have before been possible. 

1. INTRODUCTION 

Since meteorological satellite pictures have become available and various 

techniques for analyzing them have been developed, s atellite data, among others , 

have confirmed previously formulated theories concerning circulation in the tropics. 

The cloud motion , observed from the time-lapse sequences of satellite photographs, 

reveals not only the large-scale flow patterns but also the life cycle of various types 

of synoptic -scale disturbances as well as the intensity, frequency and size of 

s uh-synoptic circulation systems. 
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Recently, it has been possible to utilize ATS satellite photographs to construct 

flow fields at levels which contain traceable cloud elements. Velocities of tracer 

clouds have been calculated by a number of people. Among others, the motions of 

tropical clouds near Hawaii had been computed by Fujita, Murino et al. (1968). By 

tracking cumulus cells in ATS pictures, flow patterns over the equatorial east Pacific 

were obtained by Fujita, Watanabe and Izawa (1969) while the flow patterns ov.er the 

northern tropical Atlantic were obtained by Fujita (1970). Black and Anthes (1971) 

investigated the cirrus clouds over the tropical cyclone outflow layer by using ATS-III 

pictures and studied the relevant eddy transport of angular momentum in the hurricane 

area. Along this line, Gaby and Poteat (1973) derived the low-level winds from the 

cloud displacements on ATS-III pictures. 

With the development of the METRACOM system of cloud velocity computation 

at SMRP, University of Chicago, a large number of experimental computations have 

been made. In this study, the North Atlantic Ocean covering the area from 0° -35° N 

and 25° -80° W has been selected as the area of analysis. Careful manual tracking 

of high- and low- level clouds from ATS-III sequences of pictures have been done for 

eleven days during the BOMEX Fourth Phase Quly 11-28, 1969). The cloud velocities 

have been calculated through the IBM 360/168 computer facility at the University. 

Streamlines for the low-cloud level and contour heights at 200 mb for the high-cloud 

level are drawn separately by using the calculated cloud velocity vectors together 

with a few upper-air observations and the relevant aircraft-reported winds. Detailed 

analyses are attempted on high- level overshooting outflow which existed over the 

region with strong low-level convection near the equator. A model of the overshooting 

outflow is developed in an attempt to better understand and portray the circulation 

patterns over the tropics. 

It should be noted that no adjustments have been made to fit the computed 

cloud velocities with observed winds. Therefore, the cloud velocity patterns presented 

in this paper should be considered as direct output through calculation of cloud motion 

field from geostationary satellite data. 

2. METHOD OF COMPUTATION 

A sequence of ATS-III satellite pictures, which is made into a movie loop, is 
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used for each day. The period covers about one hour and involves four to five frames 

of photographs. Since the 2-mile size or larger cumulus cells are suitable target 

clouds and considering that they are more stable over water as suggested by Fujita 

et al. (1973), a movie loop period of one hour or a few minutes longer is definitely 

less than the cloud lifetime. The dissipation effect of the clouds is thus avoided. 

The movie loop, when projected on a loop projector, displays the cloud motion on the 

screen. A trained meteorologist can thus identify the flow patterns, distinguish the 

cloud levels and trace the cloud motions . 

To compute the cloud velocity , an electronic digitizer and, subsequently, a 

computer are used. After the cloud motion vector has been traced from the movie 

loop, the x-y coordinates of the beginning and end points of the cloud vector are directly 

read out from the digitizer and automatically punched into data cards. The graphical 

data are thus converted into digital form for computer applications. As shown in Fig. 1, 

y 
IMAGE COORDINATES 

EN D POINT 
( X2 , Y2) 

(X I ! YI ) 

'---------------+x 

</> (LATITU DE) 

GEOGRAPHICAL COORDINATES 

NORTH 
t 
' 

( 8,, ¢ , ) 

V (CLOUD MOTION VEC TOR ) 

'--------------{) ( L ON GIT U DE) 

Fig. 1. Left: A tracked cloud velocity vector in image coordinate (x, y) 
with beginning point (x 

1 
, y 1 ) and end point (x 2 , y2 ). Right: The cloud motion 

vector in geographical coordinate ( 8, cp ) with azimuth ( a ) and magnitude 
( v ). 

the graphical coordinates of each vector in the image coordinates (x, y) are transformed 

to the geographical coordinates, namely, the latitude ( <P ) and longitude ( 8 ). The 

azimuth (a ) and magnitude ( v ) of each cloud vector are thus calculated. For detailed 
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discussion of the method, see the report on METRACOM system by Chang et al. (1973). 

The computations under this system permit an accuracy to within 1 meter per second 

in speed and 4 degrees in direction as investigated by Fujita et al. (1973). 

In this study, cloud motions for eleven days in July 1969 have been tracked 

and calculated. Extreme care has been taken in the selection of cloud tracers and the 

determination of high and low clouds. In general, the low clouds are mainly the 

cumuliform types. They form as cloud clusters that show up distinctly as small spots. 

Figure 2 is an example of some traced low cumulus cloud vectors and their flow 

pattern. High clouds are mainly cirriform clouds which appear in the movie loop as 

55°W 50° 45° 

Fig. 2. Motion of low clouds shown as arrows as seen on an ATS III 
movie loop for 1350-1454 GMT, July 26, 1969. Approximate flow pattern 
is superimposed. 

25° N 

bright and fuzzy with hazy boundaries. Either they cover a large area and move as 

a whole or appear as the cirrus anvils spreading out from the overshooting towering 
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cumulus tops. The high clouds are tracked separately from the low clouds so as to 

distinguish their different motion fields. An example of diverging pattern in the 

high cloud is shown in Fig. 3. 
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Fig. 3. Motion of high clouds shown as arrows as seen on an ATS III 
movie loop for 1350-1454 GMT, July 26, 1969. Approximate flow pattern 
is superimposed. 

3. ANALYSIS OF LOW-LEVEL FLOW 

10°N 

50 

Figure 4 is a streamline analysis of the computed low-level cloud motion 

vectors for 1350-1454 GMT, July 26, 1969. The area extends approximately from 

0° N to 35° N and 25° W to 80° W. The shaded areas indicate the high clouds. There 

are tremendously sufficient low-cloud tracers over the North Atlantic Ocean, especially 

in the northeast quadrant of the area. A uniform northeasterly flow curves anticycloni

cally around a high pressure center located over the northern portion of the region. 
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.... ,~LOW · CLOUO Y(l 0C ITY IN KT 
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Fig. 4. Velocity vectors of low clouds over the Atlantic Ocean for July 26, 1969. 
A sequence of six pictures taken between 1350 and 1454 GMT is used for the computa
tion. Cloud elements in an arc cloud are connected with a heavy line. High cloud 
areas are shaded. Flow patterns are shown with streamlines drawn to fit cloud 
velocities. 

A strong cyclonic motion with high cirrus cloud cover dominates the area east 

of 42° W and south of 14° N; this corresponds to the developing storm Anna which was 

analyzed and tracked as a weather system by Fernandez-Partagas and Estoque (1970). 

Strong inflow converging to the cyclone center produces strong upward motion in this 

area. Convergent motion is also found in the other area near the tropics, namely, 

the region covered with high clouds centered about 15° N and 58° W. A shear line 

formed near the equator, at about 5° N, is shown as a result of the converging motion 

of the northerly flow into the cyclonic circulation and the southeast equatorial flow. 

These low-level convergent motions, which exist usually from 5° N to 15° N, represent 

a zone of concentrated convection and appear as a cloud band on the satellite photographs. 

This equatorial cloud band, known as ITCZ, is one of the striking features of cloud 

organization in the tropics . 
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1\vo arc clouds are shown, each as a string of cloud motion vectors connected 

by a heavy line. One is located in the vicinity of 13° N and 60° W moving away from 

the high cloud area east of it. Another is found around 2° N and 36° W moving away 

from the high cloud area south of it. These arc-shaped clouds move quite rapidly 

without changing their shape. The movement of arc clouds may represent a certain 

kind of small-scale flow or motion of a meso-front. Further investigations on them 

are being made. 

The low-level cloud motion thus calculated and analyzed are compared with 

the observed winds at the surface and at 3000 ft at 1200 GMT. It is observed that the 

cloud motion could represent the 3000 ft flow pattern quite well except that the magni

tudes of the cloud velocities are stronger than the observed winds. It may be remarked 

that the cloud motion over land areas near the equator are harder to track and conform 

less with the 3000-ft winds, and to an even lesser degree with the surface winds. The 

more accurate determination of cloud heights is hopefully expected to be achieved 

after more infrared data become available. 

4. ANALYSIS OF HIGH-LEVEL FLOW 

The distribution of the high-level cloud motion vectors for the same time, 

date and area in Fig. 4 is shown in Fig. 5. The streamline analysis on the expanding 

high clouds is drawn superimposed on the contour height analysis of the high-level 

flow. The shaded area, as mentioned before, is the area covered by the high cirrus 

clouds. The contour height analysis of high-level flow is done by using the high-cloud 

motion vectors together with the observed 200 mb winds and heights at 1200 GMT and 

the relevant aircraft winds. Tue synoptic wind data at 200 mb are plotted in the con

ventional form. The selection of 200 mb level is made considering that this could be 

the nearest level for the outflow of the overshooting cloud tops. A model for obtaining 

the height over the overshooting outflow area is discussed in the next section. 

The cloud motions in Fig. 5 clearly indicate that superimposed on the large

scale high-level flow, some disturbed flow, which is characterized by the upper-diver

gence fields, is closely related to the location of high cirrus clouds. 1\vo significant 

regions of upper-divergence exist at this time; one occupies a large area of high 

cloud near 9° N and 34° W, and the other is in the cloud clusters near the island of 
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1350- 1454Z JULY 26, 1969 
O"'t1 10GH ·CLOl.IO V(t.O(ITf W KT 

~ l00M8 WINOS l IZOOZ ) 

Fig. 5. Velocity vectors of high clouds for the same area shown in 
Fig. 4 during the same period. Contour lines are drawn using the cloud 
velocity vectors and the observed 200 mb wind and height data. Stream
lines for the expansion high clouds (shaded area) are superimposed. 

Barbados. The large-scale high-level flow patterns are modified by these diverging 

high clouds. The large diverging area near 34 ° W has predominantly anticyclonic 

outflow . . This is associated with the clouds comprising the tropical disturbance 

which has marked inflow in the lower level as shown in Fig. 4. The high- level out

ward propagating cloud bands in hurricane areas have been produced in a numerical 

model by Kurihara and Tuleya (197 4) who have suggested that these cloud bands 

behave similar to internal gravity waves. The outflow shown in Fig. 5 curves away 

from the equator, due to the Coriolis effect, but becomes non-curvature flow as it 

approaches the equator. 
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Near the island of Barbados, there are two anticyclones associated with the 

two upper-diverging high-cloud clusters. Cirrus anvils spread out from towering 

cumulus. Again, for the smaller area of the expansion cloud, without the considerable 

effect of Coriolis force, the flow is non-curvature; however, for the larger area of 

the expansion cloud, the flow turns anticyclonically. 

The existence of an upper outflow field appears mostly in the ITCZ region. 

The strong upward motion due to the concentrated convectivity at low level leads to 

the overshooting outflow at higher level. This penetrating anvil top evidently plays 

a significant role in the tropical circulations. 

5. ANALYSIS MODEL OF OVERSHOOTING OUTFLOW 

The outflow from overshooting cloud tops, or overshooting outflow, which 

can be seen from satellite photographs has been investigated by many people. 

Detailed analysis on overshooting thunderheads has been done by Fujita (1974) by 

using pictures both from ATS and Learjet flights at high altitudes. As discussed in 

Section 4, the spreading high clouds are found over the tropical regions, where the 

strong low-level convection exists. The horizontal dimensions vary between 200 km 

and 3000 km, which consist of several overshooting clouds of various sizes. As 

shown in Fig. 6, several anvil clouds develop from the tops of tall convective clouds; 

the strong updraft causes them to pass the crossover point and reach the overshooting 

top. A maximum overshooting height of 2 km is assumed from observation. Cirrus 

clouds then spread out from the overshooting clouds. The crossover point could be 

higher or lower than the tropopause. 

Tue overshooting from an anvil top comprises a series of four stages as 

shown in Fig. 7; namely, the development stage, the mature stage, the spreading 

stage, and the dissipation stage. The strong updraft triggers the overshooting thus 

starting the development stage. Continuously gaining in kinetic energy, stronger 

updrafts bring the cloud to its highest point which is the mature stage. From then 

on, the cirrus spreads out from the anvil top, called the spreading stage, and 

finally, because of the dissipation of the energy, the updraft becomes weaker and 

weaker, the overshooting flattens out and reaches its dissipation stage. 
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Fig. 6. A group of anvil clouds with overshooting height, a. The vertical 
temperature profiles for the cloud (moist adiabatic) and the environmental air 
are indicated at the right portion of the figure. 

Statistically , the maximum overshooting height can be expressed as an 

exponential decay function of its radius. This can be computed from the following 

equation 

ekRm 

= C(l-e-nkR)e-kR 
' 

CE 
I - e-nkRm ( 1 ) 

where Rm is the radius of an overshooting outflow at its maximum height; AR and 

A Rm are the overshooting heights at the center of the overshooting clouds with 

radius R and Rm , respectively; n and k are constants . For Rm= 500 km 

which is the case in this study, the normalized overshooting height AR /A Rm is 

shown in Fig. 8 for different n and k. Here, n = 1 and k = 0. 00139 are used. 
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FOUR STAGES OF OVERSHOOTING 

ANVIL TOP---1.~=::::.=J= .. /""'-. ------ -DEVELOPMENT STAGE 

DISS IPATION STAGE 

Fig. 7. The four stages of overshooting cloud from the anvil top. 

Following Fujita (1974), a dome shape of overshooting outflow is assumed. With the 

aid of Fig. 9, the dome can be represented as the upper part of a cosine curve. The 

overshooting height, a, at any radius, r, can be expressed as 

a= 2AR(- _I +cos..!.. Tr) 
2 R 3 

(2) 

provided r ~ R and AR and R are defined in Eq. ( 1 ). 

Due to the presence of cold air a loft, an excess hydros tatic pressure over 

the overshooting cloud top exists . This can be calculated from the hydrostatic 

balance equation, namely, 
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Fig. 8. A statistical model for overs hooting cloud height at center, A R , 
with the maximum overshooting height at Rm= 500 km, where R denotes the 
r adius of the overshooting. 
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Fig. 9. A dome - shaped ove rshooting cloud (shaded area) with radius R 
and center height , A R . The dome i s the upper portion of a cosine curve. 
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dP 
-=-

p 

g 
-dz 
RT 

-

( 3 ) 

where the pressure, P, and temperature, T , are at height z; R and g are the 

gas and gravitational constants, respectively. 

If P 0 represents the pressure at the crossover point, then, by integrating 

Eq. ( 3 ), the pressure for the surrounding air, P1 , and for cloud top, P2 , at 

overshooting height, a, can be written as 

9 - -=-- a 
p = p e RTz 

2 0 

(4) 

( 5 ) 

where T
1 

and T 
2 

are the temperatures corresponding to P1 and P
2 

, respectively, 

which are obtained from the sounding data. Then, the excess hydrostatic pressure 

at the overshooting cloud top is 

90 90 

AP = P 2 - P, = Po [ e - ii T z - e- RT'] (6) 

Figure 10 is a plot for A P with respect to overshooting height, a , by taking a 

sounding in the rain area of hurricanes (from Riehl, 1954) as the surrounding air 

together with moist adiabatic lapse rate as the overshooting cloud. 

Hence, for each overshooting outflow with radius R, which is obtained from 

tracking high cloud motion from sequences of ATS pictures, equations ( 1 ) and ( 2) 

give the overshooting height, a, at any radius, r. The excess hydrostatic pressure 

A P , at this overshooting height, a, can be obtained from Fig. 10 or Eq. ( 6 ), and 

then, the height, z, at r can thus be calculated from the following hydrostatic 

balance equation 

I R Az =Z- z0 = - -AP~--T AP 
pg gPO 

( 7) 

and 

( 8) 
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Fig. 10. Left: The soundings for the surrounding air (from Riehl, 1954, 
p. 314) and for the overshooting cloud (moist adiabatic). Right: The corre
sponding excess hydrostatic pressure, A p (mb) for the overshooting cloud. 

where z is the height at crossover point, T is the temperature at height z , and · 
0 

p is the density. 

Patterns of contour height analyses at high-levels where overshooting outflows 

are observed from satellite photographs are shown in simplified form in Figs. 11 and 

12. Typical outflows appear to be mostly circular or elliptical in shape, although 

other configurations do occur. Figure 11, top portion, shows the resultant contour 

analysis for a circular-shaped outflow with arbitrary spacing between isohypses. N 

is any arbitrary reference height at 200 mb level. The bottom portion shows the analy

sis for the same outflow configuration but with closer spacings between isohypses . 

Similarly, analysis of elliptical-shaped outflow is depicted in Fig. 12 with the top 

portion characterized by wider spacings between isohypses than that in the bottom 

portion. 
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OV ER SHOOTING OF CI RCULAR SHAP E CLOUD TOP S 
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Fig. 11. Examples of circular-shaped overs hooting 
clouds with radius 500 km in two different contour gradients. 
The thin concentric lines are the contours for the over
shooting clouds. The thick lines are the resultant contours 
in the large-scale flow. N is any arbitrary reference height 
in meters at the 200 mb level. 
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OVERSHOOTING OF ELLIPTICAL SHAPE CLOUD TOPS 
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Fig. 12. Examples of elliptical-shaped overshooting 
clouds in two different contour gradients. The thin elliptical 
lines are the contours for the overshooting clouds. The thick 
lines are the resultant contours in the large-scale flow. N is 
any arbitrary reference height in meters at the 200 mb level. 
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6. RESULTS OF ANALYSES 

The cloud motion analyses from ATS-III pictures for July 11, 12, 13, 15, 17, 

22, 23, 24, 27, 28, 1969areshowninFig. 13through32 (TheanalysesforJuly26, 

1969 are presented in Figs. 4 and 5). The area covered is approximately from 0° N 

to 35 °N and 25° W to 80° W. The flow patterns are depicted in two levels. Stream

line analyses are drawn for low-level flow and contour height analyses for high-level 

flow. On the low-level flow charts, the line of clouds connected by a heavy line is an 

arc cloud, which has been discussed in Section 2. On the high-level flow charts, the 

computed cloud vectors are plotted together with the observed winds at 200 mb for the 

nearest 1200 GMT synoptic hour and with whatever relevant aircraft winds. The areas 

of high clouds are shaded. Streamline analyses are also done on the expansion high 

clouds. Except for the regions over the South American continent and the area covered 

by high clouds, the low cloud tracers are abundant in the area under study. For the 

high-level clouds, cloud tracers are usually found over the upper divergent area and 

north and west of 15°N and 64°W in the vicinity east of the southern United States. 

Beyond this region and the outflow area, few cirrus clouds are found. Altogether, 

between 800 and 1100 cloud vectors are calculated and plotted for each day. 

In addition to the large-scale flow patterns, there are two prominent systems 

in the tropical area that are seen from this series of cloud motion analyses. One is 

tropical storm Anna which is seen on July 26, 27, 28 and the other is the cloud band 

comprising the ITCZ. Detailed analyses of the cloud motions show strong low-level 

cyclonic inflow and high level anticy.clonic outflow over the areas of the disturbances. 

7. CONCLUSIONS 

The facility and accuracy with which numerous cloud motions observed from 

ATS picture sequences can be quantitatively reduced using the METRACOM system 

make it practicable to analyze any desired series on a day-to-day basis for cloud 

velocity determination. For the trained meteorologists, low- and high-level clouds 

are easily distinguishable by knowing the various cloud configurations and by flow 

pattern recognition. Two such levels are thus drawn and analyzed. Analysis of 

low-level flow has revealed a convergence field indicative of low-level convection. 
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Analysis of high-level flow has indicated the detection of divergence fields, of a nature 

called overshooting outflow, imbedded in the large-scale circulation. These are 

normally associated with some active low-level convergence especially in the areas 

of the ITCZ and tropical disturbances. A model is developed for such overshooting 

outflow from an anvil top and under certain assumptions, the overshooting heights at 

any radius can be calculated. Patterns of contour height analyses at high-levels 

influenced by the overshooting outflows are shown. The four stages of overshooting 

from an anvil top is discussed. 

The results of the cloud-motion analyses indicate that, in addition to supple

menting wind-flow patterns over data-sparse regions, mostly over the oceans , they 

have revealed an interesting aspect whereby high- level overshooting outflow could be 

detected and tracked. Further cloud motion studies from satellite photographs and 

more realistic interpretation would certainly contribute to a better understanding of 

the atmospheric circulation, especially over the tropics. 
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1438 - 1542Z JULY II , 1969 
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Fig. 13. Velocity vectors of low clouds over the Atlantic Ocean 
for July 11, 1969. A sequence of six pictures taken between 1438 
and 1542 GMT is used for the computation. Cloud elements in an 
arc cloud are connected with a heavy line. High cloud areas a re 
shaded. Flow patterns are shown with streamlines drawn to fit 
cloud velocities. 
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Fig. 14. Velocity vectors of high clouds for the same area shown 
in Fig. 13 during the same period. Contour lines are drawn using 
the cloud velocity vectors and the observed 200 mb wind and height 
data. Streamlines for the expansion high clouds (shaded area) are 
superimposed. 
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1337 - 1428Z JULY 12, 1969 
r'i~ LOW·CLOUO \IEl..OCl?T IH ICT 

Fig. 15. Velocity vectors of low clouds over the Atlantic Ocean 
for July 12, 1969. A sequence of six pictures taken between 1337 
and 1428 GMT is used for the computation. High cloud areas are 
shaded. Flow patterns are shown with streamlines drawn to fit 
cloud velocities. 
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Fig. 16. Velocity vectors of high clouds for the same area 
shown in Fig. 15 during the same period. Contour lines are drawn 
using the cloud velocity vectors and the observed 200 mb wind and 
height data. Streamlines for the expansion high clouds (shaded area) 
are superimposed. 
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Fig. 17. Velocity vectors of low clouds over the Atlantic Ocean 
for July 13, 1969. A sequence of six pictures taken between 1448 
and 1553 GMT is used for the computation. Cloud elements in an 
arc cloud are connected with a heavy line. High cloud areas are 
shaded. Flow patterns are shown with streamlines drawn to fit 
cloud velocities. 
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l448-1553Z JULY 13, 1969 
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Fig. 18. Velocity vectors of high clouds for the same area shown 
in Fig. 17 during the same period. Contour lines are drawn using 
the cloud velocity vectors and the observed 200 mb wind and height 
data . Streamlines for the expansion high clouds (shaded area) are 
superimposed. 
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Fig. 19. Velocity vectors of low clouds over the Atlantic Ocean 
for July 15, 1969. A sequence of six pictures taken between 1526 
and 1630 GMT is used for the computation. Cloud elements in an 
arc cloud are connected with a heavy line. High cloud areas are 
shaded. Flow patterns are shown with streamlines drawn to fit 
cloud velocities . 
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Fig. 20. Velocity vectors of high clouds for the same area shown 
in Fig. 19 during the same period. Contour lines are drawn using 
the cloud velocity vectors and the observed 200 mb wind and height 
data. Streamlines for the expansion high clouds (shaded area) are 
superimposed. 
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Fig. 21. Velocity vectors of low clouds over the Atlantic Ocean 
for July 17, 1969. A sequence of five pictures taken between 1404 
and 1455 GMT is used for the computation. Cloud elements in an 
arc cloud are connected with a heavy line. High cloud areas are 
shaded. Flow patterns are shown with s treamlines drawn to fit 
cloud velocities. 
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Fig. 22. Velocity vectors of high clouds for the s ame area shown 
in Fig. 21 during the same period. Contour lines are drawn using 
the cloud velocity vectors and the observed 200 mb wind and height 
data. Streamlines for the expansion high clouds (shaded area) are 
s uperim posed. 
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Fig. 23. Velocity vectors of low clouds over the Atlantic Ocean 
for July 22, 1969. A sequence of five pictures taken between 1544 
and 1637 GMT is used for the computation. Cloud elements in an 
arc cloud are connected with a heavy line. High cloud areas are 
shaded. Flow patterns are shown with streamlines drawn to fit 
cloud velocities . 
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Fig. 24. Velocity vectors of high clouds for the same area 

L 

shown in Fig. 23 during the same period. Contour lines are drawn 
using the cloud velocity vectors and the observed 200 mb wind and 
height data. Streamlines for the expansion high clouds (shaded area) 
are superimposed. 
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1450 -1556Z JULY 23, 1969 
r"!t lOW·CLOVO VClOCllY IN l<T 

Fig. 25. Velocity vectors of low clouds over the Atlantic Ocean 
for July 23, 1969. A sequence of six pictures taken between 1450 
and 1556 GMT is used for the computation. High cloud areas are 
shaded. Flow patterns are shown with streamlines drawn to fit 
cloud velocities. 
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Fig. 26. Velocity vectors of high clouds for the same area shown 
in Fig. 25 during the same period. Contour lines are drawn using 
the cloud velocity vectors and the observed 200 mb wind and height 
data. Streamlines for the expansion high clouds (shaded area) are 
superimposed. 
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Fig. 27. Velocity vectors of low clouds over the Atlantic Ocean 
for July 24, 1969. A sequence of six pictures taken between 1405 and 
1518 GMT is used for the computation. Cloud elements in an arc 
cloud are connected with a heavy line. High cloud areas are shaded. 
Flow patterns are shown with streamlines drawn to fit cloud velocities. 
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Fig. 28. Velocity vectors of high clouds for the same area shown 
in Fig. 27 during the same period. Contour lines are drawn using 
the cloud velocity vectors and the observed 200 mb wind and height 
data. Streamlines for the expansion high clouds (shaded area) are 
s uperim posed. 
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1405 - 1519Z JULY 27, 1969 
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Fig. 29. Velocity vectors of low clouds over the Atlantic Ocean 
for July 27, 1969. A sequence of six pictures taken between 1405 and 
1519 GMT is used for the computation. Cloud elements in an arc 
cloud are connected with a heavy line. High cloud areas are shaded. 
Flow patterns are shown with streamlines drawn to fit cloud velocities. 
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Fig. 30. Velocity vectors of high clouds for the same area shown 
in Fig. 29 during the same period. Contour lines are drawn using 
the cloud velocity vectors and the observed 200 mb wind and height 
data. Streamlines for the expansion high clouds (shaded area) are 
superimposed. 
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Fig. 31. Velocity vectors of low clouds over the Atlantic Ocean 
for July 28, 1969. A sequence of six pictures taken between 1444 and 
1548 GMT is used for the computation. Cloud elements in an arc 
cloud are connected with a heavy line. High cloud areas are shaded. 
Flow patterns are shown with s treamlines drawn to fit cloud velocities. 
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Fig. 32. Velocity vectors of high clouds for the same area shown 
in Fig. 31 during the same period. Contour lines are drawn using 
the cloud velocity vectors and the observed 200 mb wind and height 
data. Streamlines for the expansion high clouds (shaded area) are 
superimposed. 
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