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ABSTRACT

The temperatures of the stratosphere above 35-40 km at high latitudes
were significantly lower than expected following the abnormal solar activity of
August 1972. The observed cooling is possibly associated with larger-scale ozone
reductions of the upper stratosphere over the polar cap related to the same solar
proton event (Heath et al., 1977). Tentative model calculations of the expected
stratospheric cooling rates due to earlier proposed catalytic destruction of ozone
by nitrogen oxides produced by the solar event were found to be in reasonable
agreement with the observations.

1. INTRODUECEION

Measurements with the backscattered ultraviolet (BUV) experiment
on the Nimbus 4 satellite, have shown large-scale reductions in the
ozone content above the 4 mb pressure surface (=~ 38 km) over the polar
cap associated with the major solar proton event of 4 August, 1972
(Heath et al., 1977). These measurements provide the only evidence of a
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direct solar effect on stratospheric ozone which has been observed up
to now. The maximum ozone density reduction amounted to about 20 %.

In summer radiation is the dominant term in the energy budget
of the stratosphere and reductions in the ozone amount schould be
reflected in the temperature of the ozone layer. Thus, the previously
cited ozone reductions which refer to summertime should also be reflected
in observations of mean temperatures at high latitudes and the altitudes
of interest. In this report we present of a significant cooling that took
place in the upper stratosphere at high latitudes in late summer of
1972, based on the available rocketsonde data.

2. DATA

Rocketsonde monthly mean temperatures and standard deviations
of daily temperatures for each month of the period July through October,
1972 were taken from the Upper Atmosphere Tabulations of World
Data Center A (WDC-A) at 5 km height intervals from 25 km to 60 km.
Corresponding longer term means and standard deviations were also taken
from the same source and they refer to the four-year period 1969 -1972.
Use was also made of the Russian Bulletin, Results of Rocket soundings
of the Atmosphere, which included daily soundings at the two rocket
stations Heiss and Volgograd. Monthly means and standard deviations as
well as the corresponding long-term summa\ries were computed by us,

Table I identifies the stations whose data were investigated at
the first place and shows the available number of data points for each
station and month at the 40 km level. We decided to exclude from our
analysis those stations possessing less than four observations in any one
of the months under study in the year 1972. According to this criterion
results from Heiss, Volgograd, Barking Sands and Kwajalein are not
shown in this report*. We also excluded Fort Sherman because of
the reported extremely high standard deviations in September 1972.
Following the before mentioned objective criteria, we were left with 8

* Although Ft Churchill possesses only 4 observations in July 1972, this
station was not excluded because of its very complete records in the subsequent

months August, September and October.
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Rocket stations and number of soundings in July, August, September
and October for 1972 (upper row) and 1969 - 1972 (lower-row).

f ’ i
Station L.at. Long. July ' Aug. Sept. | Oct.
* r

Heiss . . . . .. 80.4° N b8.0°E 3 2 4
38 33 30
Poker Flats . . 65.1°N 147.5°W 9 11 ) -

24 34 16
Fort Churchill . b8.7°N 93.8°W 4 11 9 12
17 34 31 38
Primrose Lake. H4.8°N 110.1°W —— 1 6 H
33 | 27 20
Volgograd . . . 48.6°N 44 4°E — 4 74 4
13 29 33
Wallops Isl. . . 37.8°N 75.5°W 10 10 T 21
38 45 45 H4
Point Mugu . . 34.1°N 119.1°W 112 10 8 9
68 b3 49 59
White Sands . . 32.4°N 106.5° W 13 15 12 19
34 35 5b 48
Cape Kennedy . 28.5°N 80.5° W 14 9 8 9
‘ | b4 42 43 39
Barking Sands . 22.0°N | 159.8°W 12 | 11 9
61 67 h], 46
Fort Sherman . 9.3°N | 80.0°W 11 6 ) 8
36 37 13 28
Kwajalein . . . 8.7°N | 167.7°E 4 3 6 —

‘ 27 36 38
Ascension Isl. . 8.0°S 14.4°W 12 10 10 10
42 | 36 38 41

| | |
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stations possessing on the average the order of 10 observations per
month, more or less uniformly distributed in each of these months in
1972. Most of these observations were made in sunlight and we have
chosen to accept the rocketsonde data as published without attempting
further corrections. For the most part the data we used are based on
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Fig. 1. Solar proton fluxes for proton energies greater than 60 MeV as measured
by Explorer for July up to October, 1972.

the Datasonde system since a changeover to that observational system
was instituted in 1969 (Quiroz, 1979, and Angell and Korshover, 1978).

The solar proton fluxes as measured by Explorer were taken from
the Comprehensive Reports of solar activity and it is shown in Fig. 1.
We can easily see from that figure the abnormally higher solar proton

flux that was associated with the Ground Level Event (GLE) in early
August, 1972,
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8 RESULTS

At a given station and level, we calculated the departure of the
monthly mean temperature for the summer months of 1972 from the
corresponding four-year monthly mean temperature (1969 - 1972) and
the significance of each monthly departure was tested through student’s-t
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Fig. 2. Isolines of 1972 monthly mean temperature departures from long-term
(1969-1972) mean. Shaded regions are significant at better than 95¢/,
confidence levels.

test. Isolines of these monthly temperature departures are shown in
Fig. 2, where shaded regions indicate temperature departures significant
at the 95 % confidence level.

From Fig. 2, the following conclusions can be made :

1. The high-latitude stations Poker Flats, Primrose Lake and Ft
Churchill all show a statistically significant cooling in September, 1972.
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This cooling 1is strongest between 40 and 45 km. The cooling rates we
observe are much greater than the «normal» seasonal cooling rates at
this time of the year. A further example on that point is seen in Fig. 3,
which shows the time series of individual soundings in two levels as
compared to the seasonal trend (dashed-line) from July to November
1972 at Ft Churchill (vertical bars are two times the standard deviation).
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Fig 3. Time series of temperature for Fort Churchill rocket-soundings from

July up to Dzcember 1972, at 50 km (a) and at 30 km (b). Dashed lines are

the seasonal trends, crosses are the monthly means and vertical bars are the
two times the standard deviations.

2 'The midlatitude stations Wallops Isl., Point Mugu, White Sands
and Cape Kennedy, despite their large geographical separation all show
a similar pattern which consists of a more or less significant cooling in
October. The same pattern was also evident at the Russian station
Volgograd (not shown here).

3. The low-latitude station Ascension Island shows departures of
less than one degree affter the event. The same holds for the other two
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low-latitude stations which were excluded from our analysis because of
their small data base.

From the above discussion omne is tempted to try to relate the
observed significant high altitude-latitude cooling to the flare induced
ozone reductions reported by Heath et al. (1977). Assuming that the
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Fig. 4 Heating or cooling rates after the model calculations
by Zerefos and Crutzen, 1975.

associated upper stratospheric cooling is symmetric about the geomagnetic
pole, it is probable that the subsequent cooling seen at moderate latitu-
des in October is due to air advected from higher latitudes.

Diitsch (1979) provides an extensive summary of mechanisms
proposed to explain solar activity-ozone relations. We present here in
Fig. 4 the results from the model calculations by Zerefos and Crutzen
(1975) which are found in reasonable agreement with the observations
presented in this study. That model is a time-dependent extension of
the original model (Crutzen, 1970, 1974, Crutzen etal. 1975) and calculates
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the solar cosmic ray production of nitrogen oxides which subsequently
act as deozonozers below 45 km. That model has been used by Zerefos
and Crutzen (1975) to calculate stratospheric heating and/or cooling rates
for the solar proton event investigated here.

From Fig. 4 we can see that following the August 1972 event, in
comparison to undistributed conditions, a cooling is predicted to occur
above about 36 km and a heating below that level due to the deeper
penetration of the UV radiation as a result of the ozone reduction below
45 km. The peak of this cooling effect is expected to be located between
45 and 50 km, in reasonable agreement with the observations of Fig. 2.
A cooling rate of 2 deg/day as that predicted at 50 km would be equi-
valent to a 10 deg. disturbance in the equilibrium temperature according
to Dickinson’s (1973) parameterization scheme
[a (50 km) ~ 0.2 (day)~!] where a is his cooling coefficient. Insufficient
knowledge of atmospheric transport at altitudes near 40-50 km makes
it difficult to estimate the duration of such a disturbance.

The observed cooling in the upper stratosphere following a large
proton event is not necessarily in conflict with evidence of a long-term,
in-phase relation between upper stratospheric temperatures and the solar
activity cycle as has been reported by Angell and Korshover (1978) and
Quiroz (1979). Major solar proton events are rare and their possible
influence on upper stratospheric temperatures, being transient in nature,
would produce at high latitudes superimposed temperature variations
perhaps deviating at times considerably from a more or less 1l-year
sinusoidal behaviour.

4. CONCLUSIONS

Following the major solar proton event which occured early in
August, 1972 a significant cooling in the upper stratosphere at high
latitudes is observed about one month after the event. The cooling has
probably been advected to moderate latitudes by October, while there are
no significant stratospheric temperature changes at low latitudes

The observed cooling is in agreement whith the only direct solar
effect on the ozone layer that has been observed beyond any doubt,

IIAA 1980
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namely the ozone density decrease above 4 mb folloging the August 4,
1972 proton event (Heath et all 1977).

Model calculations of the expected stratospheric cooling rates following
this particular event (Zerefos and Crutzen, 1975) are in reasonable
agreement with the rocketsonde observations.
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HEPIABYIZ

Eig miv magoloav #oyactav gueletiidnoav ab Stagopal &md thv yeovLIXNY
Ty tdv péowv unviatov tudv tiic Yeoponpactag Tiig otoatospaipag wEO *al
ueta tov Atiyovstov 1972, 6mdéte ouvéfn dovvidwg ioyuod Exmousmy) Thiaxdv
TEWTOVIWY ngosgxopévmv amo fhiardg Sxhdupeic.

*Eyxonowwonmonicauey tag dio mupavdov upetonosig thg deouoxgaciag Tiig
orpatocpaioag eig didgooa Tm peratd t@v 20 xai 60 km. To mpdrov dmoté-
Aeopa tiig magovong #oevvng dgoed el v eligeowy toyvods Yikews tiic dvoréoag
wplwg otpatooqaigag 1 Omota Fhafe ydoav xata tov uijva Sextéufolov gig Ta
Bogedtega yewyoaqixd mAdtn, &v ouveyele 88 xata tov ‘OxtdBolov, dieyvidn
mE0Og T0 Héco yewyoagud mAdrn. ‘Ed® moémer v onueiwdn St gl ta yapnia
ahdtn obdsuio onuavrtind peraforl) tijgc Yeouoroaciog magetnondn. Tao dvortéow
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amoteléopata mpobnvpay Ex t@v mupavioforicewy tijg TAusowwaviriic mmelgov.
Avotvydc oi avriotouor Poowal petorjoelg dud mugavhwv elg to Pooetov nut-
opaigov foav EAkeinels xatd v meptodov tavnv GAla yevindg ebolonovrar év
ouupovig ué td dvotéew dmoreréouata. *EE dhlov 6 Pwoxog Ztuduog mvoov-
AoPohicewv Molodezhnaya, el 10 medyoappua t@v petgrjoewy tod Gmolov cuppe-
téoyev 6 x. Sehra, stoloretrar xata v On’ Sy meplodov el TOV mohunov yet-
udva tob votiov fuopalglov xal otitw v xatéotn duvatov va EmPefaurwdoiv
T Avotéom ebofuata xai dud tag votlovg wokindg meQLoyds.

To devregov oxéhog Tiic magovong #oelvig Agoed &lg thv éounveiav tod
uotxod unyaviopol S tod dmolov 1 fiwaxnd) Exdaupis mowtoviwy @dynoev eig
v magatnondeioay YoEwv tiig dvwrégas xvolwg otoatosgaipas Vmegdve TV
Bogetotéomv YEWYQAPXDY TAUTDV.

‘H quowxt) olvdeotg tdv dvo qawvouévov eivar mdavov va Ogsihetar eig
myv &nidoacty t@v MAlaxdv mowtoviwv &xl toU 3Covrog tig otpatocgaigac.
ITodyuatt xatd v adty xoovixv meplodov magetnofdn onuavixt pelwotg tod
otpatooalowod dCovrog Gmd tov dogugpdgov NIMBUS-4 8nwg &dnumosievoav
npoopdrtong ot Heath, Krueger »ai Crutzer. Kadmg 1) Yeonoxoasio icogeomiag
tiig oroaroopaiong Eagrdtal, dlwg xatd tovg Jeguvovg piivag, €% Tilg ouyxev-
Tothoewe TOU 0TEATOOMALEX0D dlovtog elvar Aoywov va dexdduev doxpoasuxidg
tov #dn mooradévra Gmd tove Zepeov xai Crutzen pmyaviopdv. ZEvu@ovog
7EOC TOV UMYavIopOv adtov e fiktaxd momTévia magdyovy dsuregoyevis 0Eeidia
100 &Cdrov xare Ty eloodov adtdv 8vtoc tijg druocgaipas ta Omola Gxohov-
Yog doolv dg ratakvtinol xaractoopels tobh 8Covrog elg Uyn xvplwg xdtw t@v
50 km. *Eyxonowpomoiicauey ®g &% todtov v xatdiinlov povtédo (medrvmov) 1o
6molov vmohoyiler v dvapevouévynyv nelwowv tob dCovrog elg ta Poosidtega
ahdtn (6mov xal éxtoémovran Hmd Tol yewuayvntixod nediov ta fliaxd xooTévia).
To poviéhho odtd &v ovveyele vmohoyiler v Gvapevopévny PYoEwv tijc otoarto-
ogaloog ovupdveg meog TOv dvotéom unyavioudv. “H elyxgog tiig magatnen-
Yelone Wokewg éx 1@V mugavhoforicemy pe v &x 1ol pnoviéhov vmohoyCopuévnyv
00myel eig Bumhnutindg magumAiiown Grorehéopara.

*Ev cupmegdopaty, ol dvotéom pmyavicpol eivar duvatov va Eounvevoouvy
TQ TELQOUATIAG EVONHOTO %al (owg Vo Grotehécovy dmagynyv Tils founvelag mooye-
veotégv etonudtov tol Suholviog oyetx®ds pe v Enldgacwy i Mhandig

doastnodtnros Enl tdv @atvopévov tig toomoogaioag.



