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EFFECTS OF TOTAL ECLIPSE OF THE SUN IN NOVEMBER 12th, 1966 IN BAGÉ (RS), BRAZIL, 
ON THE METEOROLOGICAL PARAMETERS
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ABSTRACT

This work presents the evaluation of the thermal sensitivity index and global 
radiation during the total eclipse of the sun on November 12th, 1966, in the city 
of Bagé, RS, Brazil, located in the central line of the totality range of the eclipse. 
Temperature (ºC), relative air humidity (%), cloudiness and wind speed were acquired 
in the international airport of the city for the calculation of the resultant temperature 
index by using Missenard’s method (1948). Global radiation data was obtained from 
Eppley spectral radiometer. The results showed a variation in thermal sensation, due to 
the decreased global radiation and corresponding decreased temperature and increased 
relative humidity during the eclipse.
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RESUMO

O ECLIPSE TOTAL DO SOL OCORRIDO EM 12 DE NOVEMBRO DE 1966 
EM BAGÉ (RS), BRASIL, E SEUS EFEITOS NOS PARÂMETROS METEOROLÓ-
GICOS. O presente trabalho apresenta o comportamento do índice de sensação térmica 
e da radiação global durante o eclipse total do Sol em 12 de novembro de 1966, na cida-
de de Bagé (RS), Brasil, localizada ao longo da faixa de totalidade do eclipse. Medidas 
de temperatura (ºC), umidade relativa do ar (%), nebulosidade e velocidade do vento 
foram realizadas no aeroporto internacional da cidade para o cálculo da temperatura re-
sultante, conforme o método de Missenard (1948). Dados sobre a radiação global foram 
obtidos com o radiômetro espectral Eppley. Os resultados mostraram uma variação da 
sensação térmica devido ao decréscimo da radiação global e consequente decréscimo 
da temperatura e aumento da umidade relativa do ar durante o eclipse.

Palavras-chave: Sensação térmica; Temperatura resultante; Eclipse total do Sol; Tem-
peratura; Umidade relativa do ar; Radiação global; Bagé; Brasil.

1 INTRODUCTION

In astronomy, eclipse refers to the partial 
or total obscuration of a celestial body due to the 
interposition of another. When a new moon is in 
perfect alignment with the Earth and the sun, it 
projects a cone of shadow that can reach regions 
of the terrestrial surface, completely or partially 
eclipsing the sun. Therefore, there will be an 
eclipse of sun over these regions. The fact that 

the sun and the moon present almost the same 
apparent diameter (about half a degree), and being 
the eclipse of the sun caused by the projection 
of lunar shadow on Earth, this phenomenon is 
impossible to be seen at the same time from all 
points of the globe.

Due to the centering of the axis of the cone-
like shadow, the solar eclipse can be partial, total, 
or even annular – i.e., when the lunar diameter is 
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inferior to the one of the sun at that moment. A 
total solar eclipse can last up to 7 minutes during 
its peak (total darkening).

The occurrence of a total solar eclipse is a 
relatively rare phenomenon due to the moon and 
Earth movements in their orbit and inclinations. 
Despite the wide extension of the Brazilian 
territory, the occurrence of this phenomenon is 
quite rare, governed by the Saros period, with 
cyclicity of 18 years and 11 days. However, there 
are deviations due to the Earth–moon distance 
and the revolution of the moon around the Earth 
in an elliptical orbit.

Observing a total solar eclipse for science 
is a fundamental condition for getting to know it 
as a star that provides us with energy. For solar 
physics, it is important for studies of the solar 
corona (outer region of the sun where temperature 
reaches one million degrees), which is only 
possible during a total solar eclipse. Another fact 
is the so-called “Einstein Effect”, which consists 
of the deviation of the visible rays of stars during 
the totality of the phenomenon, proving Einstein’s 
theory of relativity by means of the deviation 
of light by a gravitational field. HARRISON 
& HANA (2016) cite several meteorological 
observations that can be performed during total 
eclipses of the sun.

Another important fact is its effect on living 
things. During the whole eclipse, birds “gather to 
sleep” and, in some cases, even die of fright — fact 
described by Riccioli in 1560 on the eclipse of the 
7th of June of 1415 in Bohemia (FLAMMARION 
1937). Besides that, bats fly as if it were night, 
and load animals and cattle sleep. Humans feel 
a cold sensation due to the gradual fall of solar 
radiation and consequent decreased temperature 
and increased relative humidity. In addition, 
people feel fear and joy after the completion of 
the totality of the eclipse (FLAMMARION 1937, 
BEDAQUE & TRAVNIK 1992, FUNARI 2005). 

Although few papers have dealt with 
the thermal sensation during an eclipse 
phenomenon,  an experiment addressing such 
features was carried out in Chapecó (SC), Brazil, 
during the total eclipse of the sun in November 
3rd, 1994 (FUNARI 2005).

The objective of the present study was to 
evaluate the modifications on air temperature 
(ºC), relative humidity (%), global radiation (W 
m-2), wind (m s-1) and cloud cover (tenths of 
covered sky) during the total eclipse of the sun in 
November 12th, 1966 in Bagé (RS), Brazil. From 

these meteorological parameters, the resultant 
temperature (RT) was calculated using the 
MISSENARD equation (1948). 

2 ECLIPSE PARAMETERS

The total solar eclipse in November 12th, 
1966 had a total range of 40 to 85 km wide, 
beginning in the Pacific Ocean, crossing the 
South American continent from Lima (Peru) to 
the extreme south of Brazil, following the Atlantic 
Ocean to completion in southern Africa. It was 
verified that the part of the totality band that 
passed through Brazil was in the south of the state 
of Rio Grande do Sul (Figure 1). On November 
12th, 1966, the angular diameter of the moon was 
32’32”, and the sun’s was 32’19”, resulting in a 
difference of 13” between these diameters. At its 
totality band in Brazil, the entire eclipse would 
last from 1’51” to 1’57”, with the sun at 65 to 
70° above the horizon. The ephemeris and eclipse 
phases were recorded at Brazilian time zone 
(UTC - 3 h) (Table 1).

3 MATERIAL AND METHODS

Bagé (Rio Grande do Sul state, south 
of Brazil), located at the eclipse’s center of 
range during its totality, was chosen for the 

FIGURE 1 – The map depicts the geographic regions 
of the eclipse visibility – November 12th, 1966 (Sour-
ce: available at: <http://www.eclipsewise.com/solar>. 
Fred Espenak. Accessed on: September 12th, 2018). 
The total eclipse could be observed in Peru, Chile, 
Bolivia, Argentina, Uruguay, and Brazil.
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meteorological observations. Other Brazilian and 
international institutions had also chosen this city, 
located at 200 m of altitude, 200 km distant from 
the Atlantic Ocean, at the coordinates: latitude 
31°19’51” S, longitude 54°06’25” W. It is located 
in a region known as gaúcho campaign, with low 
hills covered predominantly by natural grasslands 
(pampas) and subordinately by Araucaria 
angustifolia forest. Since that period, wheat and 
livestock farming are the predominant land use in 
this region.

According to Köeppen, the climate is 
classified as Cfa (subtropical). Bagé has an 
annual mean temperature of  23.8°C, average 
annual global radiation of 181.4 W m-2, average 
precipitation of 1,367.4 mm, average annual 
relative humidity at 73%, and the predominant 
wind is to the eastern direction. It has two well 
defined seasons (cold and hot), with similar or 
even higher temperatures than tropical regions, 
which favor the formation of rain clouds. 
Precipitations are generated by the interaction 
between Polar Atlantic and Tropical Continental 
air masses.

The meteorological observations on the day 
of the eclipse were obtained by Paulo Marques 
dos Santos and Rogério Carvalho de Godoy in a 
reserved place in the Bagé Airport area, located at: 
31°22’S and 54°07’W, at an altitude of 181.32 m.

Air temperature (°C) and relative humidity 
(%) parameters were acquired every 10 minutes 
from 9 to 13 h ST using an Assmann-Fuess 
electrical aspiration psychrometer. At the same 
intervals, global radiation data were obtained 
using a radiometer Eppley model 15, and 
recorded in a Bristol’s potentiograph. The values 
were corrected by the manufacturer’s constant 
(K = reading * 0.4). It should be noted that the 
instruments available at that time did not have 
the same technology as current digital ones. 
However, this did not invalidate the data, since 

the instruments have great precision and some of 
them are still in use.

The cloudiness and general conditions of 
the weather were assessed during psychrometric 
observation hours. Observations during the 
course of the eclipse were complemented by 
those obtained from the Brazilian Air Force: the 
direction and speed of the wind and height of the 
clouds. Horizontal visibility was 20 km through 
the eclipse.

For the calculation of the RT, the equation 
of MISSENARD (1948) was used (Equation 1); it 
is the most indicated one and does not require the 
inclusion of wind.

RT = T - 0.4 (T - 10) (1 - 0.01* UR) (Eq. 1)

Where:
RT = resultant temperature (°C);
T = air temperature (°C);
UR = relative humidity (%).

Equation 1 allows to calculate the RT, which 
can be used to evaluate the thermal sensation 
(comfort/discomfort) index for humans. The RT 
can be calculated without the influence of wind, 
whose speed during the course of the eclipse was 
an average of 2.6 m s-1 (9.4 km h-1), considered 
light breeze on the Beaufort scale. In this case, 
the wind did not influence the RT, since speed 
becomes significant at 3.0 m s-1. RT values are 
very similar to the thermal sensitivity index (TSI) 
ones (FUNARI 2006), when the influence of the 
wind is negligible. RT values were compared to 
the thermal sensation classes (Table 2) established 
by FUNARI (2006).

4 RESULTS AND DISCUSSION

During the eclipse, there was a decrease in 
air temperature, with consequent increase of the 
relative humidity. It resulted from the reduced 
direct radiation flux caused by the eclipse (Table 
3, Figure 2).

The decrease of the temperature (3.0°C) 
was not higher due to the presence of cirrus 
clouds at the totality and also of altocumulus 
and fractocumulus during the entire period of the 
eclipse, taking up 6/10 of sky.

Relative humidity increased by 8% during 
the eclipse. The decrease in the RT was 2.4°C, 
resulting from the RT difference of 9h40 ST 
(17.7°C) – before the eclipse – and 11h06 ST 
(15.3°C) at the end of its totality. This reduction 

Ephemeris Brazilian time zone
(UTC – 3 h)

First contact (eclipse start) 9 h 45 min 47.2 s
Second contact (beginnig totality) 11 h 4 min 7.4 s
Third contact (end of totality) 11 h 6 min 4.5 s
Fourth contact (end of eclipse) 12 h 31 min 30.0 s
Lenght of totality 1 min 57.1 s
Eclipse magnitude 1.024
Sunrise 5 h 33 min
Sunset 19 h 8 min

TABLE 1 – Ephemeris: schedule at Bagé (RS), Brazil 
(IAG, 1965).
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Class TSI (Celsius) Thermal sensation Physiological Response

1 < 6.0 Very high cooling Very strong thrill

2 6.1 to 8.9 High pressure cooling Strong thrill

3 9.0 to 11.9 Cold Thrill

4 12.0 to 14.9 Discomfort from cold Vasoconstriction

5 15.0 to 17.9 Light discomfort cold Slight cooling

6 18.0 to 20.9 Lower limit zone Thermal comfort

7 21.0 to 23.9 Center comfort zone Thermal comfort

8 24.0 to 26.9 Upper comfort zone Thermal comfort

9 27.0 to 29.9 Light discomfort heat Weak transpiration / Vasodilatation

10 30.0 to 32.9 Heat discomfort Intense transpiration

11  > 33.0 Hight discomfort from heat Regulatory problems

TABLE 2 – Thermal sensation classes and their physiological responses.

Source: based on FUNARI (2006).

Local hour
(UTC – 3 h) T (ºC) RH (%) Rg (W m-2) RT (ºC) Cloud / cover

9:00 19.4 64 0.543 18.0 Ci 4
9:10 18.6 62 0.572 17.3
9:20 18.8 60 0.592 17.4
9:30 19.0 58 0.616 17.5
9:40 19.0 63 0.640 17.7

*9:45 (1) 18.8 60 0.645 17.4
9:50 19.2 59 0.621 17.7
10:00 19.4 58 0.567 17.8 Fc 1 – Ci 4
10:10 19.0 59 0.470 17.5
10:20 18.8 60 0.359 17.4
10:30 18.4 62 0.257 17.1
10:40 18.0 62 0.141 16.8
10:50 17.2 63 0.034 16.1
11:00 16.8 63 0.000 15.8 Ci 6 – Ac 2

*11:04 (2) 16.4 68 0.000 15.6
*11:05 (MT) 16.2 69 0.000 15.4
*11:06 (3) 16.0 71 0.034 15.3

11:10 16.0 71 0.116 15.3
11:20 16.2 69 0.233 15.4
11:30 17.0 66 0.364 16.0
11:40 17.6 62 0.475 16.4
11:50 18.2 54 0.543 16.7
12:00 18.2 54 0.606 16.7 Ci/Cs 10
12:10 19.0 56 0.689 17.4
12:20 19.2 51 0.766 17.4

*12:30 (4) 20.2 54 0.742 18.3
12:40 20.5 52 0.737 18.5
12:50 19.5 53 0.737 17.7
13:00 19.4 49 0.742 17.5

TABLE 3 – Meteorological parameters during the solar eclipse in Bagé, RS, Brazil: 
temperature (T), relativity humidity (RH), global radiation (Rg), resultant temperature 
(RT) and cloud cover.

* (1): First contact; (2): second contact — beginning of totality; (MT): maximum of totality; (3): end of 

totality; (4): end of eclipse.
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in the RT was described by observers as a mild 
cold sensation, physiological response of slight 
cooling (class 5 of Table 2).

Table 3 and figure 2 show the effects of the 
eclipse on the meteorological parameters – global 
radiation reaching 0.0 W m-2 due to the total hiding 
of the solar disk by the lunar one (magnitude = 
1.024 lunar disk). The total of radiation recorded 
on the day of eclipse was 309.6 W m-2. In the 
following day (November 13th, 1966), with 
similar meteorological characteristics, the total 
radiation was of 325.3 W m-2. On November 
14th, 1966, when the sky presented a few clouds, 
global solar radiation totalized 361.0 W m-2. 
Thus, the eclipse observed in Bagé promoted an 
approximate reduction of 4.8% of the total daily 
global radiation.

The decrease in air temperature (°C) and 
consequent increase in relative humidity (%), 
which influenced the RT, are shown in table 3 and 
figure 2. 

Table 4 illustrates the decrease of air 
temperature and RT/TSI during other total solar 
eclipses around the world. The decrease of 
temperature (ΔT) in Bagé was similar than the 
ones measured in other parts of the world (2.0 
-  6.7°C). The total eclipses of 1966 (Bagé) and 
1994 (Chapecó) had different durations of totality  

– the former had the duration of 117 seconds and 
the latter 230 seconds. There was slight cloudiness 
(cirrus and altocumulus) in Bagé, whereas the sky 
remained clear in Chapecó; these factors could  
have possibly influenced RT/TSI values. 

5 CONCLUSIONS

	 The following conclusions can be drawn 
based on the meteorological observations of the 
total eclipse of the sun in Bagé on November 12th, 
1966:

•	There was a decrease in air temperature 
and an increase in relative humidity due to the 
reduction of global radiation values during total 
eclipse. These values were not higher due to the 
presence of clouds of the cirrus genus during the 
totality;

•	The reduction of air temperature during 
the eclipse was 3.0°C, and the relative humidity 
increased 8%;

•	The decrease in RT was 2.4°C, which 
caused a slight cold sensation according to the 
thermal sensation classes established by FUNARI 
(2006); 

•	The weather type of the days after the so-
lar eclipse shows similarity with the day of the 

FIGURE 2 – Meteorological parameters during the day of the eclipse: temperature (T), relative humidity (RH), 
global solar radiation (Qg), resultant temperature (RT); MT: maximum of totality.
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eclipse (November, 12th). However, the amount 
of global radiation on the day of the eclipse was 
inferior than the subsequent days. 
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