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Abstract
During mid-July 1975, a strong frontal system crossed into
the tropical latitudes of South America. Freezing temperatures were reported in southern Brazil, and the daily thunderstorm activity over the Amazon River Basin gave way to
low stratiform cloudiness. Daily infrared data from the
SMS-1 satellite are presented for this weather event.

1.

Introduction

A record-breaking cold wave moved across the South
American continent between 13-21 July 1975 (Figs. 1
and 2a-2h). The frontal system entered Chile and
Argentina late on 12 July and crossed the equator 9
days later. Infrared (IR) data from the geostationary
SMS-1 satellite, which is located over South America,
provided an excellent opportunity to study the behavior of the cloudiness and cold polar air movement east
of the Andes.
Freezing temperatures were reported during the
nighttime hours on 16 and 17 July in Brazil. Hardest
hit were the coffee plantations in the highlands of
Parana, Sao Paulo, and southern Minas Gerais (areas
designated A, B, and C in Fig. 1).
Specially enhanced IR data are presented in the 1421 July views (Figs. 2a-2h). These data are displayed
with the warmest features, land and water, appearing
dark gray and progressively colder features, low and
middle clouds, appearing as lighter gray to white. Cloud
tops colder than —40°C are then contoured as follows:
- 4 3 ° to —57°C (dark gray); - 5 8 ° to - 6 3 ° C (light
gray); - 6 4 ° to - 7 0 ° C (black); colder than - 7 0 ° C
(white). This enhancement appears most frequently in
the tropical thunderstorm regions during most of this
sequence.
All the photographs were taken at 1130 GMT, near
sunrise over the continent. At that time, the thunderstorm activity was at a minimum and land-water temperature contrasts were well marked. Overlays of fronts,
pressure centers (designated as H and L), and the Intertropical Convergence Zone (ITCZ) positions (dashed
white lines) are from the appropriate 1200 G M T National Meteorological Center (NMC) surface analyses.1
The ()°C and 15°C isotherms (alternating black dashes
and white dots) have been drawn from the 1200 G M T
1 T h e I T C Z positions are drawn along a convergence axis
of northeasterly and southeasterly surface winds and do not
necessarily coincide with cloud maximums.
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surface synoptic data. (A map summarizing the frontal
cloud band positions appears in Fig. 3.)
2. D i s c u s s i o n o f s a t e l l i t e o b s e r v a t i o n s
a. 13 July 1975, 1130 GMT (Fig. 1) 2
A well-defined frontal vortex (984 mb center) was located along the Chilean coast (L) with a frontal system
stretching eastward off the Argentinean coast at (M) and
then westward across the Andes into the Pacific (O).
The frontal zone was marked by low stratiform cloudiness over the ocean areas and multilayered and convective cloudiness east of the mountain chain. An old
frontal boundary was analyzed in southeastern Brazil,
2 No enhancement.

FIG. 1. SMS-1, I R data (110 enhancement), 1130 G M T , 13
July 1975. Surface features and I T C Z position (dashed white
line) are from 1200 G M T analysis. T h e 0° and 15°C surface
isotherms (black dashes and white dots) are from the 1200
G M T data T h e following locations are indicated: Parana
(A), Sao Paulo (B), and Minas Gerais (C). Other letters are
points referred to in the text.
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FIG. 2(a-h). Series of SMS-1, enhanced I R data, 1130 G M T , 14-21 July 1975. Cloud tops colder
than —40°C are contoured for detail as follows: —43° to —57°C (dark gray), —58° to —63°C
(light gray), —64° to —70°C (black), and colder than —70°C (white). Annotations are the same
as in Fig. 1.
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south of (P) with a streamer of cirrus (Q), associated
with the subtropical jet, poleward of this front. The
nearly clear continental sky conditions and low stratiform cloudiness are typical of frontal systems at this
latitude.3
The cloud-free Andes mountain chain (R) was quite
cold throughout this sequence and serves as a good
geographic benchmark. Farther north in the cloud-free
areas of the Amazon Basin (S), surface temperatures
ranged from 25° to 27°C. Numerous convective clusters
such as (T) dot the northern portions of the continent.
The brightest features in this region were the active
thunderstorms; the darker gray cloudiness is the resulting convective debris. Surface data north of 10°S indicated considerable low cloudiness and fog, with winds
generally from less than 3 m/s from the southeast in
extreme eastern Brazil to calm over the remaining area
west of 50°W. Trade winds over the Caribbean were
less than 5 m/s from the northeast.
b. 14 July 1975, 1130 GMT (Fig. 2a)
By this time, the surface low had moved into the Atlantic and the accompanying frontal zone was beginning
its equatorward push, crossing the 70°W meridian at
23°S. The most active portion of the front (M), represented by the gray shade enhancement, appears offshore.
Low and middle clouds (O) mark the low-level push of
cold air along the Argentinean lowlands. Of particular
importance, at this time, was the presence of positive
vorticity centers, comma-shaped cloud patterns (P and
R), behind this system.
c. 15 July 1975, 1130 GMT (Fig. 2b)
An increase in the number of convective cloud areas at
(P) suggests the intensification of the secondary vorticity maximums along the southern Atlantic coast. A welldeveloped frontal wave is apparent in the surface analysis at 40°S. Onshore, a surface low that was located in
Argentina had drifted slowly northward into extreme
southern Brazil ahead of the moving cold front. Some
middle cloudiness is evident with this system at (Q),
and a cluster of very small, but cold, cumulonimbus
clouds is present at (R); this cloud pattern suggests an
interaction between these two systems that culminated
in a wave development along the front the next day.
Cold air continued to push northeastward into Bolivia and Paraguay. The edge of the stratocumulus (T)
coincides quite well with the 15°C surface isotherm.
The satellite image of these clouds supplements the
conventional data in these areas of sparse data and thus
allows for a more detailed analysis of the temperature
field. Surface reports continue to show calm to 3 m/s
winds over the eastern portion of Brazil describing the
s Satellite data have shown (Anderson, 1974) that active
cold fronts are accompanied by a broad multilayered (low,
middle, and high) cloud band, whereas clear skies or lowlevel cumuliform or stratiform cloudiness marks inactive
fronts. Frontal positions are frequently drawn along these
cloud edges, especially in regions of limited data.

FIG. 3. Frontal and shear-line positions (solid lines) and
low-level cold air boundaries (dashed lines) obtained from
satellite imagery during the cold front traverse of South
America.

anticyclonic flow about the nose of a ridge that extended from the Atlantic to 60°W north of 20°S. Just
south of this latitude, winds were southerly under low
sky and fog conditions, changing to clear skies and
strong radiation in the central portions south of 30°S.
d. 16 July 1975, 1130 GMT (Fig. 2c)
The frontal wave suggested by the data on 15 July is
now located along the coast (R) and another wave is
evident (S) to the west. The 15°C surface isotherm
bending poleward about the cloudiness at (S) suggests
the inflow of wTarmer, modified, tropical air into this
system and sets the stage for continued development.
Clearing of the middle cloudiness (T) reveals a very
dramatic change in surface land temperatures (U) north
of Uruguay. Clear sky, nighttime radiation, and calm
winds brought temperatures plunging to 0° as far north
as 30°S. Farther north, temperatures along the 50°W
meridian ranged from 23°C at 20°S to 31 °C at the
equator.
<?. 17 July 1975, 1130 GMT (Fig. 2d)
The frontal cloud band is now composed mainly of
middle and high cloudiness, with thunderstorm activity
limited to an area over western Brazil near (K). The
cold air (W) can be seen advancing ahead of the multilayered frontal cloudiness in central Brazil. The cold
area at (T) represents the push of 15°C temperatures
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FIG. 4. N M C surface analysis for 1200 G M T , 17 July 1975.

up the Paranaiba River Valley to an area just souui of
Brasilia. Farther west at (W), the reported temperatures
reached 19°C, while at ( X ) , 29°C was noted. Behind
the front, temperatures dipped to 0°C as far north as
21 °S. Notable exceptions were the warmer river and
swamp areas of the Paraguay and Parana river valleys
(northward of (U)) and the ocean-modified air entering
the Uruguayan coast (V) behind the coastal low.
Figure 4 shows the surface map for 1200 G M T , 17
July. At this time, dramatic changes were occurring at
the interior stations of Brazil. During the night, winds
increased and became southerly as far as 5°S, and temperatures began to drop throughout this low-latitude
region.

/. 18 July 1975, 1130 GMT (Fig. 2e)
Movie loops covering this period show the equatorward
acceleration of stratiform cloudiness ahead of the main
frontal band. By the morning of the 18 July, the cold
front stretched from the apex of a new oceanic low
center (L) at 32°S, northward into the equatorial latitudes at (F) . Southerly winds extended over a large
area from the front northwestward to the coastal region
of Venezuela. Winds were calm over the Colombia and
Ecuador highlands and the eastern Amazon Basin. Onshore easterlies continued along the Brazil coast becoming more northerly over the offshore areas of French
Guiana.
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Thick fog and stratus covered the region about (G).
Immediately southeast of (G), the warm, satellite-observed terrain temperatures that had been under the
stratus, ended abruptly, giving way to lower (<5°C)
temperatures. A few of the warmer terrain features,
such as the Paraguay River Valley (I) in southwestern
Brazil and the Araguada and Braso Major and Minor
river valleys (K) in east central Brazil, are evident under
these clear sky conditions. Of particular interest is the
colder area at (M). Clear conditions prevailed, revealing the subzero conditions over the highlands in Parana.
g. 19 July 1975, 1130 GMT (Fig. 2f)
At this time, the frontal system crossed the Atlantic
coast near 17°S and north of the equator near 60°W
(F). Two levels of stratiform clouds (I, M) can be seen
across northern Brazil, and snow was reported at this
time at (M). Temperatures had begun to modify over
Brazil especially along the eastern portions, where
oceanic flow had been established.
h. 20 July 1975, 1130 GMT (Fig. 2g)

i. 21 July 1975, 1130 GMT (Fig. 2h)
In this final view, the stratiform cloudiness within the
coldest air was located mainly north of the equator.
Daytime heating in the cloud-free areas was beginning
to modify temperatures south of the equator at this
time.
3. S u m m a r y
Cross-equatorial frontal passages are quite rare, but
their effects are quite significant (Myers, 1964). Injection of this cooler air into the tropical latitudes suppressed the normal convective activity and resulted in
a highly variable wind field in the Caribbean area for
nearly a week. Afternoon convection over the tropical
continental latitudes began to reappear late on 23 July,
and the large, westward-moving convective clusters, typical to northern and central Brazil, became reestablished by 26 July.
This historical weather event was duly captured in
the continuous IR coverage from the SMS-1 satellite.
Researchers wishing to study this situation in detail
should contact the Satellite Data Service Branch, D543,
World Weather Building, Room 606, Washington, D.C.
20233, for satellite data information.

Thick fog and altocumulus (M and N) continued to
cover much of northern South America as the front or
shear line reached northward of 10°N. Temperatures
remained below 20°C under this cloudiness, in contrast
to the 32°C reported in the clear sky region at (O).
Note the distinct change in cloud signatures from convective clusters only 2 days earlier to very stable cloudiness on this day.
Winds were southerly over the entire northern portions of the continent, with a report of 10 m/s at
Trinidad. Over the oceanic areas, the ITCZ axis (dashed
white line) delineates the boundary of northerly and
southerly trade wind flow.
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Observer—New

newsletter

A new quarterly newsletter is being published and distributed to interested individuals as a result of discussion during
the Natural Hazard Research Workshop held in Boulder,
Colo., this past summer. Aimed at speeding the flow of ideas
between those who must prevent or cope with natural disaster and researchers in the field, volume 1, number 1, of

the Natural Hazards Observer was issued in September of
this year. The first issue contained eight pages of information on such aspects of natural disasters as warning systems,
insurance, conference and research summaries, the emergency
broadcast system, upcoming meetings, list of publications,
and legislation. The newsletter originates from the Natural
Hazards Research and Applications Information Center,
which operates from the University of Colorado, Boulder.
Funded by a grant from NSF/Research Applied to National
Needs Directorate, the center is directed by Gilbert F. White.
Those interested in receiving copies of the newsletter should
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Cooperative
College
Register
The Cooperative College Register has been reestablished as
a communications link and matching service for positions
and position seekers in higher education by the College and
University Department of the National Catholic Educational
Association. Founded in 1963, the register operates as a clearinghouse, assisting colleges and universities with staffing by
providing information on eligible and available candidates
for teaching and administrative positions. In addition, a list
of available positions is published annually and distributed
to individuals who have registered with the service; a fee of
$20 is charged for a full year's service. For applications for
both individuals and institutions, as well as additional in-

formation, contact: Cooperative College Register, 621 Duke
St., P.O. Box 298, Alexandria, Va. 22314.
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