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ABSTRACT 

An isolated square-shaped cloud and well-developed squall lines on May 19 
and 16, 1960, respectively, were analyzed with the use of Tiros I and radar photo
graphs. Results reveal that the areal ratio of the Tiros cloud picture to the radar 
echo· increases as a squall line becomes older. It is suggested that the combined use 
of Tiros cloud and composite radar. echo charts will permit investigation of the life 
history of squall - line convection. 

1. INTRODUCTION 

As a result of modern methods of detecting various. weather systems with 
the use of surface instrumentation, radar networks, meteorological satellites, etc., 
it is now feasible to investigate the characteristics of squall lines over. the Midwest. 
Ligda (1957) made an extensive analysis of squall lines_, using composite radar pic
tures covering the entire area of single to multiple squall lines. Since then, the U.S. 
Weather Bureau has begun installation of a WSR-57 radar network covering a greater 
part of the Midwest, thus making it possible to construct composite radar echo charts. 
Early in 1960, Tiros I revealed its capability of photographing cloud patterns over a 
much larger area than that of any single PPI radar picture. The purpose of this report 
is to compare the cloud and radar echo patterns viewed by Tiros and radar, respectively. 

2. MESOSYNOPTIC ANALYSIS OF MAY 16, 1960 SQUALL LINES 

As an example of mesosynoptic analysis of squall-line systems over the 
Midwest,- 1500 CST May 16, 1960 was chos.en. Tiros pictures from orbit 659 cover 
the area at approximately the time of analysis •. 

. . 

Wind and pressure patterns are analyzed in Fig. 1. Five mesohig~ in vari-
ous stages of development are seen in the figure. Mesosystems A and B,. which ~e 

.._ ,_ about ten hours old, are characterized by well-developed wake depressions. Isobars 
are drawn for every one millibar; each long barb of the wind symbols denotes five 
knots. Wind data was increased by converting time section to space section .. 

A composite of radar echoes from Champaign, lliinois; Topeka, Kansas; 
and Columbia, Missouri appears in Fig. 2. Areas of weak echo and those of convec
tive cells are stippled and painted black, respectively. 

The amount of surface precipitation occurring within one hour prior to 
1500 CST, the map time, appears in Fig. 3. The rain areas ~e distributed over 

*The research reported here has been supported by the U. S. Weather Bureau under 
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three locations: north of the warm front extending from the Iowa-Minnesota border 
to northern Lake Michigan, east of the cold front in northwestern Missouri, and farther 
east i.n southern Illinois through Indiana. 

Figure·4, the last chart in the series of 1500 CST analyses, combines the 
radar echoes and the Tiros cloud picture. There was a well-defined warm-frontal over
cast to the north of the major low. Along the major cold front, however, no line squalls 
were evident. The echoes and clouds were more or less enclosed within the area of 
several mesohighs, which play an important role in maintaining organized convective 
activity. 

3. COMPARISON OF TIROS PICTURES AND ASSOCIATED RADAR ECHOES 

From the previous example of mesosynoptic analysis , it is evident that the 
squall-line cloud system appearing on the Tiros photograph is fairly large in horizontal 
dimensions compared with the sqUall.-line radar echoes. 

Figure 5 shows the Tiros picture of squall-line system E, with radar echoes 
at their correct positions with respect to the cloud. The total area of echoes, Ae, and 
that of the Tiros cloud, Ac, were computed to be Ae = 1, 300 sq mi, Ac = 20, 100 sq mi. 
The ratio Ac/ Ae is about 15, indicating that the Tiros picture probably shows the bound
ary ·of outflowing cirrus from each convective cell within the squall line. The area Ac 
will then increase with time even after the total area of echoes, Ae, remains the same 
or begins to decrease. 

It may, therefore,, be reasonable to consider that the areal ratio Ac/Ae 
increases as the squall line becomes older. A system about Jive hours old (Fig. 6) is 
characterized by the ratio of 33. 

The famous "square cloud" of May 19, 1960 (Fig. 7)--the shape of which is 
not square after rectification--was found to be about two hours old when it was. photo
graphed by Tiros. The ratio of cloud to echo area was evaluated to be only 11. 

4. AREAS OF ECHOES, CLOUDS, AND MESOHIGH ACCOMPANIED BY SQUALL LINES 

In the previous section it was pointed out that the area of radar echoes inside 
a squall line is approximately one order of magnitude smaller than that of the Tiros 
cloud. Figure 8 schematically repres.ents the shape of a squall line observed by means 
of electromagnetic waves. of different lengths. In computing the echo areas from the 
composite echo charts constructed from PPI photographs, the areas of relatively strong 
convective cells which usually appear in reduced-gain pictures were integrated. Due 
to the difference in radar power, beam height and width, attenuation, etc. , individual 
cells appearing in several PPI photographs were quite .different in size and shape. In 
outlining the area o~ precipitation cells inside the squall lines,. allowances were made 
for beam width, ·effective range, and attenuation. 

Tabulated in Table I are the areas of radar echo Ae,· Tiros cloud Ac, and 
associated mesohighs Am. Three cases, designated a, b, and c, were used. The 
first is the square-cloud case of May 19, 1960; bis a cellular mesohigh case of 
August 13, 1947; and c~ the squall lines of May 16, 1960. The time indicated in the 



first column represents the time past the ap:Pearance ·of "the first echo. 

The values in Table I are plotted in Fig. 9, which presents the time change 
in the ratios of the cloud to echo areas and mesohigh to echo area. In order to compare 
the ratios of Tiros cloud area to radar echo area computed from various radars, only 
the strong convective cells appearing on 10 cm radars and reduced-gain 3 cm radars 
were used. However,. the May 19 echoes were noticeably larger in areal extent (and, 
in some cases, were mostly solid lines rather than cellular) than the echoes of the 
other cases in the comparison. The open circles, four in number, indicate that the 
ratio of cloud to echo is increasing with the age of the squall line. This s"imply means 
that the area of squall-line cloud viewed from a satellite represents the time-integrated 
effect of convective activity through which a cirrus deck is continuously formed and 
covers the top of the squall-line system. 

The figure also shows the change in time of the ratio of mesohigh to radar 
echo areas. lt will be seen that a cellular mesohigh (case b) appears. about 20 min 
after the initiation of the first echo, and then quickly expands beyond the dimensions 
of the echo. A mesohigh, as well as the squall-line cirrus deck, expands as a .result 
of an integrated effect of convective activity. It usually continues to expand after the 
dissipation of echoes. The two other cas.es, a and c, large squall-line systems con
sisting of a great many cellular convective cells, are also characterized by a steady 
increase in the ratio of Arn/ Ae. 

CONCLUSION 

It was found that the white mass of squall -line cloud appearing in Tiros 
pictures is one order of magnitude larger in area than radar echoes imbedded inside 
the cloud. The ratio of cloud to radar echo area increases in proportion to the age of 
the squall lines. As, for example, a squall line increases in age from three to nine 
hours, the ratio increases from 15 to 50. This result indicates that the Tiros picture 
of an old squall line is of little value in learning the convective nature of sforms. On 
the other hand, in a very early stage of squall-line formation when the cloud area is 
only several times larger than the echo area, Tiros photographs will be us.eful in re
vealing squall-line convection. 
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Fig. 1 -- Isobars for 1500 CST May 16, 1960 

Fig. 2 -- Composite radar echoes for 1500 CST May 16, 1960 
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Fig. 3 -- Hourly precipitation for 1500 CST May 16, 1960 
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Fig. 4 -- Tiros cloud ·and radar echoes for 1500 CS1: May 16, 1960 
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Fig. 5 -- System E, May 16, 1960 
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Fig. 6 - - System C, May 16, 1960 Fig. 7 -- Square cloud, May 19, 1960 
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Fig. 8 - - Schematic vertical cross section at a squall line 
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t Ae Ac Am Ac/Ae Am/Ae Ac/Am 

1.5 hr 330 -- 2,200 -- 6 --
* 2.0 750 8,300 3,600 11 5 2.3 

2.5 800 -- 5,800 -- 7 --
c 3.5 1,300 -- 11, 200 - - 9 --

4.5 2,200 -- 20,000 -- 9 -·-
5.5 2,300 -- 29,000 -- 13 --
6.5 2,300 -- 38,000 -- 17 --

10 min 65 -- 0 -- 0 --
15 100 -- 0 -- 0 --
20 150 -- 30 -- 0.2 --
25 220 -- 160 -- 0.7 --

b 30 290 -- 470 -- 1. 6 --
40 350 -- 710 -- 2.0 --
50 480 -- 1,450 -- 3.0 --
60 580 -- 2,450 -- 4.2 --

* 3 hr 1,300 20,100 19,500 15 15 1. 0 
a * 5 470 15,700 13,400 33 29 1.1 

10 60 31,600 38,500 53 64 0.8 

*Tiros pictures appear in Figs. 5, 6, and 7. t, time post first echo; Ae,Ac,Am in miles2 

or 
Am/Itta 

60 

!IO 

40 

TABLE I 

Time pot! first radar echo -

Fig. 9 - - Time change in Ac/ Ae and Am/ Ae 
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