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METEQPOAOI'IA.— Ozone and Temperature Balloon Measurements
during the Annular Solar Eclipse of 29 April 1976, by
E. Mariolopoulos, C. S. Zerefos, A. Bloutsos, C. Repapis*.
*Averowvddn 0 tod "Anadnuaixod k. *HAla Maglohomovlov.

Abstract.

Ozone and temperature measurements were obtained from balloon
soundings at Athens (37.54°N, 23.44° E) Greece, during and after the
annular solar eclipse of 29 April 1976. Detailed temperature and ozone
data were acquired to an altitude of 29 km. A time-height cross section
of temperature data shows significant cooling (by 3°K) above about 40 mbs,
which is in agreement with independent measurements at Wallops
Island on 7 March 1970. The observed (corrected) cooling in the mid-
lower stratosphere exceeds computed infrared cooling at the heights in
question. A brief survey on upper-air ozone soundings during eclipses is
given and expected eclipse-induced changes in the upper ozonosphere
are briefly discussed. As was to be expected from the photochemical
theory, mno significant ozone variations took place at heights near the
ozone maximum during the eclipse. Evidence of Cirrus clouds after the
eclipse maximum is in agreement with other observations and support
the generation of relatively short duration cooling in the upper tropo-
sphere during the eclipse. Detailed radiosonde measurements at the
heights where the Cirrus clouds were observed, confirmed a cooling by
about 3 degrees (corrected) in the upper troposphere (320 to 340 mbs).

1. INTRODUCTION

Measurements of atmospheric parameters from ground level has been
a commonly repeated experiment by eclipse observers since the 1gth
century (Anderson et al., 1972) and there is by now ample evidence of
significant ionospheric changes during a solar eclipse (Rishbeth, 1970).
However little is known concerning the response of the ozonosphere and
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the neutral upper atmosphere to a solar eclipse, since high altitude
measurements are comparatively recent.

The first eclipse experiment with meteorological rockets was con-
ducted by Ballard and colleagues on November 1966 in Argentina 22.46°S
(Ballard et al., 1969). During the eclipse they observed a cooling in the
vicinity of 55 km and an ozone increase at 57 km during the time of
totality relative to the same measurement on the pre-eclipse day (see
also Randawa, 1968). The ozone measurements, however, were available
only from 39 to 60 km (Randawa, 1968) and because of other data gaps,
a clear picture of the eclipse-induced changes could not be drawn. A care-
fully designed experiment was thus conducted at Wallops Island (37.8° N)
on 6-8 March 1970, to study the eclipse-induced changes in the temper-
ature and wind up to an altitude of about 65 km (Quiroz and Henry,
1973). A significant cooling was found mainly in the layer 40- 60 km,
with maximum amplitude 9K, near 50 km. That cooling occurred first
in a limited layer 45- 50 km (about 30% obscuration) then spread upward
and downward to about 26 km (65% obscuration). By the end of the
eclipse only a shallow layer or residual cooling remained (45 - 50 km).

More recently, Randawa (1974) obtained temperature data up to
about 60 km before, during and after the partial solar eclipse which
occurred on December 24, 1973 at Ft Sherman (9.20° N). Randawa’s obser-
vations indicate a 3°-5°C cooling, produced in the layer 50 to 52 km as
the solar radiation was partially blocked. Although these observations are
in agreement with those of Quiroz and Henry for the upper strato-
sphere, Randawa reported no effect below 45 km.

Following the above discussion it seemed to us highly desirable to
investigate the mid-lower stratosphere for the evidence of the eclipse
induced cooling at lower altitudes observed by Quiroz and Henry, but not
by Randawa, during the annular solar eclipse of April 29, 1976 at Athens
(37.54°N) Greece. Our experiment was conducted from 28 to 30 of April
1976 to measure radiosonde temperatures and ozone before, during and
after the eclipse. Since meteorological rockets were not available to us,
we crossed our fingers that the balloons launched reach the highest
possible levels! Before presenting the results obtained, we first briefly
describe previous ozone measurements and theoretically expected ozone
variations during a solar eclipse.
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2. OZONE AND SOLAR ECLIPSES

The effect of a solar eclipse on the ozonosphere is to cause a tiny
increase in the total ozone content in a vertical column of the atmo-
sphere. There have been several reported studies on this effect, exten-
sively summarized by Vassy (1970). Qualitatively it was shown, from a
knowledge of the diurnal photochemical ozone variation and the study
of the equations controlling the ozone concentration in the atmosphere,
that an increase should occur above about 40 km as a result of a solar
eclipse due to photochemical effects (Hunt, 1g65a,b, Vassy, 1970). The
theoretically expected ozone increase is however very small, about 0.6%
of the total ozone amount, and the eclipse has no effect on the ozono-
sphere below about 45 km (Hunt, 1963a).

From the existing literature it appears that all but three of the
ozone measurements during solar eclipses, were obtained from ground or
at airplane heights (2.5 km) observations (Vassy, 1970) which are influ-
enced by many factors (as for example the limb darkening of the sun,
temperature of the instrument, formation of aerosols during the eclipse,
synoptic variability e.t.c.) which in view of the expected minute total
ozone changes may obscure any eclipse induced changes in the ozo-
nosphere.

In order to eliminate the effects of some of the above discussed
factors, Vassy and colleagues (unpublished manuscript) measured with
the optical method the ozone profiles on the day before and the day after
the solar eclipse which occurred as partial on 20 May 1966 in Greece.
Unfortunately no information on the measurements during the eclipse
day has been reported (Vassy, 1970). It is worth noting, however, that
at the moment of the eclipse totality an abrupt formation of aerosols was
observed in that experiment which lasted to the last contact.

The remaining two high altitude ozone measurements, both showed
a doubling of ozone between about 50 and 60 km (Randawa, 1968) and
an increase of the same order but at higher altitudes (80-9okm) in the
eclipse of 15 February 1961 over the USSR (L’vova et al., 1964).

From the above discussion it appears that conducting ozonesonde
measurements with the chemical method before, during and after a solar
eclipse we are not expecting to find any eclipse-induced ozone changes
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below about 30 km (which is the average ceiling of the balloons available

to us). However to the best of our kmowledge, no such measurements
were carried during solar eclipses and because they could provide useful

information to other eclipse observers, we thought worth doing the ozo-
nesonde measurements together with the temperature soandings discussed

in the introduction.

3. MEASUREMENTS

Five Brewer-Mast ozonesondes (Type 730-5) in operation with
U.S. Weather Bureau corresponding radiosondes were programed to be
launched on the day before (one), during (three) and after (one) the
solar eclipse from the radiosonde station of Hellinikon (37.54°N) in
Athens, Greece. The annular solar eclipse was seen at Athens as partial
(0.915) and it started in Athens at 0855 UT and ended at 1229 UT
on April 29, 1976 (Amer. Eph. Naut. Almanac, 1976). Unfortunately due
to technical difficulties, no measurements were obtained on the day
before the eclipse. However the experiment was successful on the

eclipse day and the day after, as described below.

4. RESTULTS

The first balloon sounding started at o8oo UT and the instruments
were at a height of approximately g km on first contact. The middle
of the eclipse (0.915) found that balloon at about 24 km and the balloon
bursted at 29 km (1126 UT). The second balloon was launched at 1154 UT
and it was at a height of about 12 km at the time of the last contact.
The second balloon bursted at 26 km (1306 UT'). Thus, above 12 km, the
second balloon provided post-eclipse stratospheric measurements sepa-
rated by 2-3 hours from the corresponding data gathered near the
middle of the eclipse. A third balloon was launched at 1644 UT (bursted
at 19 km, 1802 UT) which measured only temperature aloft, and a fourth
balloon was launched on April 30 at the same time as the first sonde
(0755 UT). This last balloon reached 25 km and bursted at ogso UT.

The ozonesonde results are shown in Figure 1, where the contin-
uous line corresponds to the first sounding, crosses correspond to the
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second sounding and the small circles represent the measurements
obtained the next day. Figure 2 shows the time-height temperature meas-
urements obtained from all four soundings. Dots aloft give the timing
(and height) of each balloon (BB is the acronym of «Balloon Burst»).
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As it appears from Fig. 1, no significant ozone changes took place
during the eclipse, as compared with post-eclipse soundings, a result
which was already expected. Interesting though is the cooling observed
during the middle of the eclipse in the temperature profile above the
4omb level (Figs. 1 and 2). Because of the relatively slow ascent rate,
the first balloon reached the 28 mbs level at the time of the middle of
the eclipse (Mag 0.915). Data at that level as compared with the post-
eclipse measurements with the second balloon, up to the bursting level
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of that balloon (23 mbs), indicate a net cooling by about 3° K (corrected
according to McInturff and Finger, 1968). A similar cooling at these
heights was also observed by Quiroz and Henry (1973) during the eclipse
of 7 March in 1970. That cooling was centered at 30 km (—4 deg.) and
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it extended upward to 35 km (—3 deg.). Unfortunately due to the lower
bursting height of our second balloon we can mnot say if the observed
cooling extended upwards as in the case of March 1970.

Our results of a cooling in the mid-lower stratosphere present a
paradox, since the observed eclipse cooling far exceeds the computed
infrared cooling which would amount at these heights at most to 2.0
degrees per day (Plass 1956a, b, Kuhn and London, 1969). It should also
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be noted that the observed diurnal temperature amplitudes at 25- 30 km
lie between 1 and 1.5 degrees (Finger et al., 1965).

Evidence of Cirrus clouds after the eclipse maximum is in agreement
with other observations (Mariolopoulos, 1937) and support the occur-
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rence of cooling with relatively short duration in the upper troposphere.
A careful examination of the radiosonde measurements at the heights of
these clouds confirms a cooling by about 3 degrees in the upper tropo-
sphere (320 - 340 mbs) as shown in detail in Figure 3.

Other details of the radiosonde soundings we believe are of minor
importance, as far as the eclipse effects are concerned, the warming
which is observed in Fig. 2 immediately after the eclipse (between roo
and 8o mbs) being probably produced by subsidence.

5 CONCLUSIONS

Our measurements indicate no ozone changes at the level of the
ozone maximum during the eclipse of April 29, 1976. During the middle
of the eclipse a cooling by about 3°K occurred above the 40 mb level.
That amount of cooling significantly exceeds the observational uncer-
tainty as well as the computed infrared cooling rates at the levels in
question. A same amount of cooling was observed in the middle strato-
sphere at Wallops Island during the eclipse of 7 March, 1970. Cirrus
clouds were observed during the eclipse maximum (faint Cirrus were
present from the early morning on the eclipse day but they dissapeared
at 10 UT). The later Cirrus clouds dissapeared a little after last
contact. A detailed analysis of the radiosonde data in the layer 400 mb
to 200 mb, showed the occurrence of a cooling in the upper troposphere
(340 - 320 mbs). That cooling amounted to about 3°K near 330 mbs (Fig. 3)
and it obviously exceeds (see last paragraph) computed infrared cooling
rates, observational uncertainty and day-night differences in tempera-
ture known for the upper troposphere.
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HERPIAHYILSE

Eic v magoloav pehétnv meothaufdvovrar petoijoslg tdv xad’ tpog ueta-
Bordv tilc Yeouonpactag tol Géoog xai Tiig ovyxevrodoewg Tob dToviog tdoOV
nate TV didoxetav Goov xai peta 10 méoag Tig dontvhioedoile Exhelyewg, 1tig
ghafe ywoav v 29mv *Amoihiov &. & Al uerofjoeig &yévovro O’ depootdrv TOV
1200 yo., eic ta 6moia elyov xatalliwg moocoouoodii padioforideg xal dCovro-
BoAides. “Olar ai mapatnoricels 2yévovro &x tol Sraduol avotéoug drpoopaioug
elg 10 ‘EAMvindy (37.54° B). Aemrtoucoeiaxal puerpnoeig tijg deouonoaoiog ol tod
8Covrog EmetevydInoav uéyor tol thpovg tdv 29 mepimov yphiopérowy, ta d¢ dmo-
tehéopata TV ToQaTNOHoEWY Tovtmv dUvavral va cuvvoyiodolv dg dxolotdwg :

Kata v dudoxetav tiic nhtaxdc dxhelyewg #hafe ywoav onuavrin kg
glg Tv péony otoarocpaigay xai O sig Vyn dve TtV 23 meplmov yLhtopétomv,
aveoyouévn eic 3°K évr(‘);‘ 8o dodv. IMoémer va onuetwdi Gru 7 YiEg attn Hmeo-
Bailver xatd wohd thv EE dmohoyioudv dvapevoudvny YIEw Adye dxtivofoliag eig
10 Vméoudoov Tob dioketdiov Tol dvdoaxog xai tob dLovrog eig Ta v Adyw Vym.
’Eniong dmeoPaiver ta mepapating opdiuoata xal v eig ta Uy todte moQa-
moovuévny fueonotav mopetav tic deomoxgaciog, to evgog thg Gmolag dev Vmeo-
Baiver tov 1.B°K. ToO adtd guvéuevov magetnoridn xai xatd v Exhenpy tod
fiAlov eic o Wallops Island tov Mdotiov tod 1970, g diemiordddn dua ovyyeo-
VOV TOQATNOY0EMY GEQOCTATMY %ol TUQaUAmY.

*Extog tiig 8v T otoatoopaion mapatnondeiong Yitewg, #Aafe ywoav xai

e _# <)

étéoa avdroyog Yok eic v Gvortéoav toomoogoioav, 1) O6mola eixe mavds
g amotéheopo v dmuwoveyiav vepdv Cirrus, CiCu td 6moia Evepavicdnoav
#atd TV Oidonelay tol peylotov Tig &xhelpemg, Siehddnoav 8¢ meod tob téhoug
tavtng, Og dAhog e magetneNdn Ve’ qudY xal xatd TV OAxnv ExAenpy tod
fiAtov &v Zouvvie xata tov "Todviov 1936.

Ex tdv »ad” Uog uetofjcewv thg ovyxeviowoemg tol 3Covrtog, ovdeuia
onuavtiny puetafoln magetnoidn Vg’ fudv xata THv didoneiav tiig Exdelpemg,
amotéheouo O 6molov edoloxetal v ouppovig upera the QoToxnuirils Yewolag
meol ol &v 1) oroutoopaioy 8Covrog, cumpdvemg mEdg TV Omolav oladfmote
uerafoh) tod dGeptov tovtou dpethoudvn eig onuovty Ehdtrmowy Tijg MAtaxiig
axtivoPoriag (Bv mooxewéve Adyw tig éxhelypewe) da Ehdufave ydoav elg Uym
ueyalireoo t@®v 40 yhiopéromv, OmAadl doxetd UynmAérega @V Muetéowv

TAQUTNONGEMY.
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