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Solar influences 
on the weather 
from R. H. Olson 

A symposium on solar-weather 
relationships sponsored jointly by 
the American Meteorological 
Society and the Solar Physics 
Branch of the American Astro
nomical Society was held in Denver 
on January 23. 

THE solar-weather symposium was 
designed to focus the attention of both 
the meteorological and astronomical 
communities on this perplexing prob
lem. Primary emphasis was not on 
reporting of new empirical findings, but 
on physical concepts. For example, J. 
Toomre of the University of Colorado 
compared the problems of describing 
the convective activity on the Earth 
and on the Sun. In spite of the differ
ence of many orders of magnitude in 
the Rayleigh and Prandtl numbers on 
the two spheres, some similarities exist. 
A mathematical technique borrowed 
from meteorology has been found use
ful by solar physicists in describing 
solar convection. It is based on the 
anelastic equations, which assume a 
quasi-compressible fluid. In similar 
vein, P. Gilman of the National Center 
for Atmospheric Research (NCAR) 
compared the horizontal circulation 
patterns of the Earth and Sun. He 
pointed out the great importance of 
eddy components in driving both cir
culations. The importance of con
vection on the Sun as opposed to 
solenoidal fields on the Earth was 
mentioned in describing the energy 
sources for the circulation. Perhaps the 
greatest unsolved problem in the 
solar circulation is to explain the in
crease in rotation speed toward the 
equator (that is, the equatorial accele
ration). 

Empirical findings were not entirely 
neglected. J. Eddy of NCAR gave a 
historical review of the field. He 
reminded the audience of a period of 
almost complete absence of sunspots 
which occurred from about 1645 to 
1715. This 'Maunder minimum' was 
discovered in the early years of the 
century, but has been largely forgot
ten. It is an intriguing thought that this 
greatest known anomaly in the behav
iour of the Sun comes in the middle of 
the greatest climatological event in 
recent centuries, namely the 'Little Ice 
Age', a period of abnormally low 
temperatures and precipitation. 

Other statistical relationships were 
pointed out by J. King of the Appleton 
Laboratory (Slough). He gave examples 
of 11-year and 22-year periodicities in 
weather phenomena. But R. Shapiro of 
Air Force Cambridge Research 

Laboratories pointed out that such 
apparent cycles are difficult to prove. 

Getting around to the physical side 
of solar-weather relationships, the 
cupboard is still fairly bare. There are 
some interesting possibilities, however. 
R. Dickinson of NCAR suggested that 
the only physical process known to 
have a large solar cycle modulation 
and reaching the troposphere is Galac
tic cosmic ray ionisation. This ionisa
tion may nucleate sulphuric acid 
aerosol, which in turn could provide 
efficient cloud condensation nuclei, 
thus modulating cirrus cloud cover at 
high altitudes and latitudes. He men
tioned recent findings that solar flares 
cause large and sudden increases in 
NOx species in the upper atmosphere, 
which can lead to large scale destruc
tion of ozone. 

A. Dessler of Rice University 
summed up possible mechanisms which 
might bear investigation. One which 
has not been widely discussed before 
is the leakage of electric current from 
the auroral region into ihe lower 
atmosphere. He also developed the 
theme touched on again and again by 
Eddy and other speakers, namely that 
our knowledge of the possible varia
tions in the so-called solar constant is 
abysmally poor. Variations of any
where from 0.1 % to 0.5% or more 
could easily go undetected with our 
present observing capabilities. Even if 
the lower figure is examined, it is 
obvious that the energy available from 
possible variations in the solar con
stant is 1,000 times the energy available 
from the magnetosphere, as far as in
fluencing the atmosphere goes. 

The problem of the lack of know
ledge of the solar constant also pro
vided perhaps the closest thing to a 
clash of opinions. D. Williams of the 
National Oceanic and Atmospheric 
Administration suggested that in view 
of the gross uncertainties in this para
meter it was pointless to pursue solar
weather studies until this area is 
cleared up. W. Roberts of the Uni
versity of Colorado retorted sharply 
that he was not willing to wait five 
years or longer to go on looking into 
the important problem of solar
weather relationships. Perhaps some 
progress in measuring the solar con
stant with high precision is in the 
offing. D. Heath of NASA Goddard 
mentioned that Nimbus satellites to be 
launched in 1975 and 1978 are sched
uled to repeat from space the surface
based measurements made by Drum
mond and others of the solar constant. 
Other satellites will attempt to improve 
the global monitoring of climatic 
elements, such as ocean environment, 
atmospheric heat budget, and trace 
elements. Global maps of precipitation 
are being made now by satellite, and 
will soon be available for use. 

Nature Vol. 253 February 27 1975 

The great importance of the Soviet 
efforts in solar-weather studies was at 
least touched upon, although one had 
the feeling that only the tip of this 
particular iceberg was showing. V. 
Mikhnevich of the Applied Geophysical 
Institute, Moscow, reported on at
tempts to derive mathematical-physical 
models to explain the propagation of 
disturbances, caused by solar activity, 
in the upper atmosphere down to the 
lower atmosphere. G. Gromova of the 
Hydrometeorological Centre, Moscow, 
reported on a study of the kinetic 
energy budget of the atmosphere, 
averaged over latitudinal zones. An 
increase in kinetic energy three days 
after magnetic storms was contrasted 
with reduced kinetic energy following 
geomagnefically quiet times. 

King suggested that atmospheric 
modelling is needed to set the frame
work for solar-weather relationships. 
J. Wallace of the University of Wash
ington and NCAR replied that before 
useful models could be built a defini
tive pattern of observed relationships 
is needed. C. Leith of NCAR remarked 
that current models of short-term 
atmospheric changes have serious short
comings in their ability to explain 
atmospheric changes. Thus there is 
ample room for the models to include 
such additional inputs as solar in
fluences if any can be shown to exist. 

The Earth as a 
radio source 
from A. P. Willmore 

AMONG the planets, we are accustomed 
to think of only Jupiter as a powerful 
radio source, but results obtained re
cently with the satellites Imp 6 and Imp 
8 in interplanetary space show that the 
peak radio emission from the Earth ex
ceeds that from Jupiter by nearly two 
orders. The experiment~, described by 
Gurnett (J. Geophys. Res., 79, 4227; 
1974), were designed to study plasma 
waves propagating in the magneto
sphere and interplanetary space, the 
geocentric distance of Imp 6 ranging 
from 6,613 to over 200,000 km, while 
that of Imp 8 ranged from 150,000 km 
to 300,000 km. The spacecraft were 
each equipped with long dipole aerials 
of lengths approximately 50--100m and 
with three mutually orthogonal loop 
aerials, so that both the electric and 
the magnetic field components of the 
waves could be measured. The aerials 
were coupled to sensitive wide-band 
amplifiers whose output was analysed 
by multichannel spectrum analysers 
covering the spectral range 36 Hz to 
178 kHz, extended up to 2.0 MHz by 
a tunable receiver in the case of Imp 8. 

At distances of several Earth radii, 
Imp 6 detected sporadic bursts of noise 
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