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Abstract 

Analyses of rocket data at mid- and hig\-!atitude locations over the American Continent ahow a soiu 
activity-dependent mesospheric heating effect in the 60 to 90 km altitude legion. A study of tho 
altitude dependence of the effect shoW'S that t".e heating and associated pr~5e5 propagating 
downwards through the mesosphere do not cause di5cernibl~ effects. b:low tt.e SO to 60 km layer. 
A! Thumba. a significant 5'.ort-term heating effect attributable to varying solar ultraviolet fluxes 
causing variable hating of atmospheric ozone is observed. This effect does not seem to propagats 
downward, into the upper stratospt.ere. 
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1. Introduction 

The existence of linkages between solar activity and lower atmospheric phenomena has 
been substantially confirmed by several analyses and observations (see, e.g., King'. 
Wilcox', for reviews). Such investigations of sun-weather relationships have been 
carried out for decades now'. and the growing body of literature on the subject presents 
practically irrefutable or undeniable evidence of the existence of such relationships. The 
impetus of investigations and interest in the subject has grown more in recent times, as 
borne out by the four conferences organised since 1972 on the subject, starting with the 
Mo~cow Conference on 'Solar-Atmospheric Relationships in the Theory of Climate and 
Weather Forecasting'. 

One of the suggested. mechanisms regarded as a contributory factor in sun-weather 
effects is downward propagation, through the mesosphere, of the heating effects and 
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disturbances from the lower thermosphere which is a strong heat source varyin g with  
solar activity. It has been postulate& that this variable heating could propagate d own.  
wards through the mesosphere and manifest itself within the mesosphere. 

The present paper examines whether downward .propagation of solar activity-induced 
disturbances through the mesosphere provides a stgnificant input to the observed solar 
activity-related lower atmospheric phenomena and variations. This has been studied 
by analyses of rocket sounding data at three locations: (0 Point Barrow (71° N, 157° w) ,  
a high latitude station; GO Wallops Island (38 0  N, 75 0  W), a mid-latitude station, am 
(iii) Thumba (8 N, 77° E), an equatorial station. 

2. Analysis 

The analysis was carried out using the correlation method described earlier'. An exten- 
sive description of the method has been given by the author 6 . 

The solar activity index considered in the present study is the daily F 10 . 7  index. This 
is based on. the 2,800 MHz solar radio flux measured at the Algonquin Radio Obser- 
vatory, Ottawa and tabulated in the Solar-Geophysical Data Reports 7 . 

• Mesospheric temperatures obtained from several rod :et soundings at each location. 
were taken for the correlation and regression analySes. The data for Point Barrow and 
Wallops Islind have been tabulated in a series of NASA reports by Smith et al', for 64 
soundings over the years 1965-72 at Point Barrow and 121 soundings during 1958-72 
at Wallops Island respectively.. In _the case of Thu mba, data were taken from 51 M-100 
rocket soundings during the period 1970-71. 

The calculation of the correlation and regression coefficients between the temperatures 
at various altitudes, and the F10. 7  indices, over a range of time lags relative to flit 
launches, was carried out based on the method described in earlier publications?. The 
details are not presented here as they have been described adequately in earlier papers 
by the author (see, e.g., ref. 11). 

The results of the analyses are presented and discussed below. 

;... 
3. Results 

• yr Figures to 3 show the variation of the regression coefficient PT/ PF1.0.7 	a  cinz Hz-i . over .  the mesospheric altitude region, 50 to 90 km at Point Barrow, Walla! 
andThumba.H  The black dots represent the PT/AF to .., values, in narrow layers 
at their mid-points, while the horizontal line through each point represents the standar_ 
deviation of that value. The figures have been taken for the day relative to the launch 
at.lvhich the corresponding T-F 10 . 7  correlation was a maximum. 	
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FIG. 1. 	Altitude variation of the Regression Coefli- 
dent A TIAF10.7 (C KW-' cm2  Hz -  1 ) on D-1 day at 
Point Batrow (71: N, 157' W). 

FIG. 2. 	Altitude vthation 	of tr.e Regression 
Coefficient AA 77 pF1 O•7 (tV1/4/ -1  cm 2  Hz- ') on D-4 
day at Wallops 1s1nd (38' N, 75' W). 

A common feature in all the figures is the altitude variation of the regression 
coefficient, from a maximum at high altitudes near the mesopause around 70 to 90 km, 
reducing to insignificant values in the lower mesospheric region around 50 to 60 km. 

(i) Point Barrow 

Point Barrow (71 0  N) shows the highest values of LT/ F 10 . 7 , which were observed to 
occur at D-1, indicating a time lag of around one day between the time of F 10 . 7  enhance- 
ment and the subsequent increase in mesospheric temperature. The value is nearly 
1° KW-1  cm 2  Hz-1  at around 90 km, and reduces steeply to around 0.2° KW -1  cme Hr' 
at 70 km, below which it drops to near-zero values. 

There is also a shift to negative values below 58 km altitude. 

(ii) Wallops Island 

In the case of Wallops Island (38° N), the effect, represented by AT/LF 10 4 7  is (a) much 
less than at Barrow, and (b) maximises on D-4 day, i.e., with a time lag of around 
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FIG. 3. Altitude variation of the Regression 
Coefficient LTI AF 10 . 7  (° KW-' crrt 2  Hri) on D 
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day at Tr.urnba (8° N, 77 0  E). 

4 days between the day of F„. 7  enhancement and the subsequent mesospheric 
heating. 

The maximum 	value is around 0-2° KW -- ' cm 2  liz--1  at the highest altitudes (85 km) 
and reduces very gradually to practically a zero value below 60 km. 

It is relevant to note here that Point Barrow is a polar latitude station, lying under the 
auroral electrojet (see for example, Akasoftt and Chapmann) which is known to intensify 
substantially 	in solar-active periods. 	It is therefore 	possible 	to 	attribute 	the larger 
heating effect at Barrow to the nearness of this region to the auroral electrojet current 
flow, 	while in the case of Wallops, 	it being at mid-latitude, 	situated farther away 
from the auroral electrojet, the heating 	effects 	are weaker and take a correspondingly 
longer time to occur. 

(iii) rhumba 

At the equatorial station, Thumba (8° N), several differences appear to be present : 
(a) the altitude profile of PT/aF 10 . 7 , has a different pattern, with a peak occurring in 
the middle of the mesospheric region, at around 60 km, and reducing both above and 
below this altitude, (b) the day of maximum heating effect is seem to be the day of 
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launching itself, that is, the major effect is apparently occurring in the same region 
rather than being caused by transport from the auroral latitudes equatorwards. In the 
latter case, the time lag should be progressively larger towards the equator, whereas it 
is less than a day, in the equatorial case while at the mid-latitudes it is 4 days and (c) the 
maximum values are larger than in the case of Wallops Island. All these suggest a diffe- 
rent type of effect possibly attributable€, 13 , to variable heating due to the absorption of 
ozone by varying solar ultraviolet fluxes in the wavelength range 2000-3000 A. The 
effect also does not appear to be significant below 48 km. 

An in.tercomparison of the three figures shows that the Thumba profile reflects an 
effect occurring in a different, lower altitude region (50 to 70 km) than that at Point 
Barrow and to a lesser extent at Wallops Island (70 to 90 km). The lower range of 
altitudes at Thumba is due inherently to the different sounding method, which gave data 
in this altitude range—the thermistor method, which is knownlo to develop large inaccu- 
racies above 70-75 krn, while the method used at Point Barrow and Wallops Island was 
the rocket grenade method which is accurate up to 100 to 110 km. 

However, in all the cases, the PT/ AF". 7  value tends to be similar at around 70 km 
within the range 0-0.2° KW -1  cm 2  Hz-1 . Again, in all the cases, the value tends to 
become zero or slightly negative, at the lower end of the range of values. It therefore 
appears that there are two different types of solar activity -induced effects operating at 
high latitudes and equatorial latitudes. In the former case, the effect being mainly due 
to the auroral. electrojet heatinge5 12  the heating effect is propagated downwards into the 
mesosphere but becomes small below 60 km. Other effects, appearing to give negative 
values of LT/LF10 . 7  below 56 km, also seem to be present. 

In the equatorial region, the effect seems to be an in situ type, caused by variable solar 
ultraviolet heating of ozone in the region. However, even in this case, the effect does 
not seem to be significant below 48 km altitude. 

The results of the present analysis thus seem to indicate that the phenomena of sun_ 
weather relationships are, most likely, caused by in situ meJtanisrns in the stratosphere 
and troposphere, such as those suggested by Roberts and Olson", Mar kson's, Hines and 
Halevy 16, Dickinson" and, recently by Herman and Goldberg's, rather than by solar 
activity-induced disturbances propagating downwards through the mesosphere into the 
lower atmosphere. 

4. Conclusions 

The role of the mesosphere as a connecting 	link for propagation of disturbances down- 
wards from the mesosphere into the lower atmosphere has been examined in this paper. 
An analysis of the mesospheric temperature response to solar activity, from rocket sound- 
ing data at three (high, middle and. equatorial latitude) stations has shoviln the presence 
of heating effects in the mesosphere due to solar activity. 
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In the high and mid-latitude cases, the effost seems to be lin.ked to the intensity of 
heating in the auroral electrojet region, the heating being significant only in th e 70 to  
90 km region and not below this layer. in the equatorial latitudes, the effect app ears  

• to be linked to the variable solar ultraviolet heating of atmospheric ozone and 
significant only in the 50 to 70 km layer. 

While further light would no doubt be thrown on the question of the propagation or 
these effects into the stratosphere, the results available at present seem to indicate tha t  
the observed sun-weather relationships are more probably due to effects occurring in sins  
in the stratosphere and troposphere. 
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