
SUN-W EA THER RE LA TIONSHIPS 

Background 

"Sun-weather" studies are defined as investigations of possible processes 

in the lower atmosphere of the Earth that are initiated or  controlled by changes 

in the output of the Sun. These changes can include solar variation in radiation 

(as  in the solar constant, o r  in specific wavelength regions) in particles (as in 

physical properties of the solar wind, o r  in solar cosmic rays,  or solar-modulated 

galactic cosmic r ays ) ,  and in the extended magnetic field of the Sun (as in circum- 

stances of the passage of interplanetary sector boundaries). Changes of short 

term (in the "weather") as well as long term (in regional o r  global "climate") 

are considered, although mechanisms involved in the two time scales may be 

quite different. 

It is clear that studies of Sun-weather relationships are not an independent 

discipline. A s  a practical, interdisciplinary area,  Sun-weather study relies on 

solar physics, magnetospheric physics, and atmospheric physics. Thus, programs 

in Sun-weather relationships envisioned here for the STO lean heavily on more 

fundamental programs in these other three areas. Instruments to car ry  out 

specific Sun-weather investigations will be a part of the working arsenal of 

equipment dedicated to solar physics, atmospheric physics , and magnetospheric 

physics. Indeed, while specific Sun-weather investigations should be an essential 

part  of programs planned for  the STO, major advances in our understanding 

of the Sun*s influence on weather can also be expected from the broad 
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advances anticipated from STO in each of the three more basic areas. 

In anticipating possible programs fo r  the STO in the Sun-weather area, 

it is recognized that there is less than complete understanding of the range of 

possible processes and mechanisms that could be involved. Some seem now to 

be obvious contenders that must be included, such as changes in the bulk radiation 

of the Sun o r  in specific spectral components that have known effects on 

the chemistry of the upper atmosphere. But there are many others, such as 

induced changes in the Earth's electric potential o r  a host of possible cloud 

formation mechanisms, that may be more important. The field of Sun-weather 

study is not sufficiently advanced, in 1977, to predict which theories 

o r  mechanisms will be the most likely contenders for  study a decade from now. 

Thus, the approach is taken here of outlining broad areas rather than specific 

ones and of utilizing a varied and comprehensive list of equipment that might 

be needed in studying Sun-weather connections in 1985, hoping in this way to 

cover the widest range of possible important mechanisms. 

This topic is approached recognizing that a number of recent developments 

show that a solar effect on weather is statistically established; the problem now 

is to determine the magnitude or  importance of its impact on weather and climate 

and to understand its mechanism. In this regard the proposed schedule of a 

Space Station seems timely. It comes a t  a time when the world asks for  

tests and hard facts in the area of Sun-weather relationships, and the STO 
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' seems, for  the reasons stated in preceding sections, almost uniquely qualified 

to provide these tests and facts. 

Advantages of an STO 

The proposed STO offers substantial advantages that may provide new 

and needed information in the study of solar influence on weather. These are: 

( I) the capability to monitor the various outputs of the Sun in a 

laboratory environment, with the possibility of in-orbit cross-calibration, 

instrument replacement, and the use of on-board, controlled secondary standards; 

(2) the capability of real-time observations of specific solar effects 

on the terrestrial atmosphere, requiring simultaneous o r  time-correlated 

observations of both Sun and Earth; 

(3)  the possibility of testing specific hypotheses of Sun-weather con- 

nections , through the availability of high-capability atmospheric , magnetospheric 

and solar observing equipment, and the ability to concentrate on specific geo- 

graphic areas  of interest. 

Of all the aspects of an STO, the solar-weather objectives are most 

interdisciplinary and demand the greatest real-time, innovative reaction by the 

staff of the Observatory. The very nature of these objectives asks for recog- 

nition of relationships between members of a complex sequence of events 

stretching from the Sun to the surface of the Earth. The ensemble of 

instruments and data displays on the STO will allow the Observatory scientists 

to focus on specific relationships and to follow them a s  they unfold and 
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evolve. Complete automation to follow these varied relationships seems 

virtually impossible. Further,  the real-time pattern recognition and 

cdrrelative capabilities of the human mind may catch significant relations that 

could easily elude notice during subsequent processing of recorded data at a 

ground site. 

Near-real-time and extended analyses of data by a team of specialists 

on the ground are  also essential. The former will provide information for 

baseline observation plans that can be transmitted to the STO. However, 

such baseline plans will be most effectively carried out and reinforced 

through the innovations of the on-board STO scientific staff. 

Program of Investigations 

Table 3 lists a program of potential investigations that follow from 

our current understanding of solar-weather connections. The left-hand 

column contains a brief statement of investigations with a statement of 

purpose. The middle column gives the advantages to be gained by conducting 

this investigation from a manned space station. In some instances the investi- 

gation will draw support from relevant unmanned spacecraft. The last column 

recommends the appropriate orbit for the STO. 

The investigations are necessarily general, since at this stage 

a comprehensive attack is what seems to be most needed. Some suggestions 

a re  more specific than othcrs, but pinpointing specific mechanisms for 

trial is avoided. Moreover, the possible mechanisms and solar-weather 
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effects considered are recognized as  being incomplete. 

Almost all of the experiments proposed here  involve apparatus which 

will serve other areas  of research on board the Space Station: solar physics, 

magnetospheric physics, and atmospheric physics. The specific equipment is 

listed in the preceding sections. 

The observational capabilities given in Table 3 provide a typical set 

of tools to investigate the class of scenarios suggested currently fo r  the solar 

influence on weather. For example, the option that any appreciable variation 

of solar radiation could have a fairly direct influence on the Earth's atmosphere 

is addressed by items I through 4. Similarly, the thought that solar modulation 

of ionizing particles reaching the atmosphere may influence cloud nzechanics, 

and hence weather, can be investigated by a combination of items 3,  4, and 5. 

Likewise, the idea that solar-induced changes of electrical conditions in the 

ionosphere interact with meteorology is addressed in items 3,  5 ,  and 6. The con- 

cept that solar particle radiation filtered by the Earth's magnetosphere may change 

ozone concentrations in northwestern North America, resulting in the formation 

of cold anticyclones that propagate across the continent, can be investigated by 

items 2 ,  3, and 4. These are examples drawn from contemporary literature. 

Even more important, however, is the encompassing ability of the 

r 

instrumentation complement, when i t  is finally selected, to test refined and 

still-to-be-proposed scenarios that will surely come forward between now and 

the advent of the STO. In actual STO operations, a specific observation plan 
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could be tailored to each of the prime candidate mechanisms for solar influence 

on weather and climate. A t  the present time, the observations to be made 

must be discussed in general terms as above. Ultimately the observing 

campaigns must be quite specific. This is the feature that distinguishes the 

STO from the traditional monitoring observations. 
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