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ABSTRACT

1. INTRODUCTION

A va.6t Ut<A4tWr.~ aUu>u, to much JLU>iUlAch a.nd
Livdy bttuU>t .in -/lOW .in6lJuncU> on ......a.thu a.nd
cLima.t~. Ya v<Jtlj Uttt.. hM bHn 6.iJtmty u>ta.b
llihM, P~I1P-/l w.ith uc~pUon 06 modu.t4Uon 06
cLima.t~ by th~ ~. -/l oJLb.i.ta.t u~~a. Oth~

-6<Up~M JLdation-/> ha.v~ Uthu b~~ ~6utM OJL
M~ not ya con6.iJtmM. Among th~ .tatt~ M~ th~

pou,.i.bh ~6 6~ct 06 .i.on.i.z.iJtg -/lOW ~.i.-6uOM on
thu.nd~toJLm6, th~ .iJtje.ct.i.on 06 -/ltJLa.to-/lph~ a..iJt
..into t~ tJLopo-/lphu~. and - on 11 tong~ t.i.m~ -6CI1h
- th~ cou.pLing 06 th~ u.s. dJLought JLhythm ~ 06
t~ M.iA~Upp.i. R.i.v~ w.ith ~ -/loW Hah cyct~.

PJLUmt.ty no -/low-t~u>tJL.iiLt .t.iJttu. appLicab.t~ to
6OJL~g a.~ lutown.

How did it all start? Although the
existence of sunspots was known in classi
cal antiquity, scientific observations of
these solar phenomena began with the in
vention of the telescope by Galileo. In
1611 four early astronomers, including
Galileo, announced their discovery almost
simultaneously. The astronomer F. W. Her
schel in 1801 indicated the variability of
solar emissions. The approximate period
icity of solar activity was not published
until 1844 and the first relation to mete
orology was claimed by Koppen in 1873 who
cautiously suggested a negative correla
tion between sunspot number and tempera
ture. That set the ball rolling and it
hasn't stopped since.

Since the middle of the last century, with
the discovery of rhythmical sunspot varia
tions, it had become clear that solar-ter
restrial interactions of similar rhythmi
city take place. This was obvious for the
external parts of the earth's magnetic
field. In the atmosphere the polar aurora
frequency was similarly affected. At
tempts began early to establish the total
energy received from the sun at the mean
distance of the earth from the sun. The
distance is generally designated as one
astronomical unit (1 AU). This quantity
was given the label "solar constant", an

lished an alternation of ice ages and in
terglacials. This started attempts to ex
plain the apparent regularity of occur
rence in the Cuarternary period. In 1875
the astronomer James Croll, who had dis
covered the periodic changes of the eccen
tricity of the earth's orbit around the
sun, published a book "Climate and Time"
(6) . In it he tr ied to explain that the
varied position of the earth with respect
to the incoming solar radiation, including
the then well-known precession cycle could
be the cause for the ice ages. As with
any new hypothesis a long-lasting contro
versy ensued. Another orbital element,
the varying inclination of the ecliptic
had to be included. Finally the whole
so-called astronomical theory was reworked
by Milankovich for whom this model is now
named. Aside from elaborating the complex
geometry and interaction of the three main
cycles, he calculated the changes in radi
ation received by the high latitudes of
the earth (7). Improved astronomical ob
servations since have fixed the main cycle
of orbital eccentricity at 100,000 years,
the cycle of obliquity of the ecliptic at
41,000 years, the main cycle of precession
at 22,400 years. Further calculations of
the climatic implications have been made
by Vernekar (8). But the clinching argu
ment has been furnished by deep-sea
cores. The layers in these were dated by
radioactive isotopes and the sea-surface
temperatures at the time of deposition of
these layers were determined both by iso
tope ratios (016/018 ) and by tempera
ture sensitive plankton species (9). The
coincidence of low temperatures with ti
ming of diminished radiation for the past
approximately 1/2 million years estab
lishes the path elements of the earth as
pririle contenders for the various Pleisto
cene glaciations. This is now widely
accepted by astronomers, geologists, and
climatologists (10, 11, 12).

3. SOLAR FLUCTUATIONS

middle of the 19th
occurrence of con
the recent geolog
work also estab-

2. LONG-TERM CHANGES

Geological work in the
century established the
tinental glaciations in
ical past. Geological

Probably no subfield of meteorology has
had as much effort devoted to it as the
effects of solar variability on weather
and climate. And none has had as little
to show for the research labor. The mag
nitude can best be seen by the large bib
liographies and review papers that have
been devoted to the topic. About a quar
ter century ago Meteorological Abstracts
and Bibliography compiled a literature
survey which up to that time listed 1278
titles (2). More recently a particularly
carefully written review paper by Pi ttock
(3) added about 150 more references writ
ten in the 1960s and 1970s. Recent sympo
sia have been partially or totally devoted
to this topic (4, 5).
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Note: Wrn- 2 is watts/meter2 ; replaces
calories/meter 2 .

undesirable term because it isn't con
stant. It has, in recent years, fortu
nately been gradually replaced by the term
·solar irradiance R.

The beginning of space exploration finally
made it possible to measure solar irradi
ance extra-atmospherically. At first,
this was based on sporadic information
wi th uncertain instrumen tal er rors. Rob
inson (17) gave the following values from
the literature:

Finally, since 1978 there are two sets of
satellite measurements available, one from
Nimbus 7 (19), the other from NASA I s Solar
Maximum Mission (20, 21). These show
rather clearly that there are small day
to-day variations which seem to be rela
ted to the flux from active areas on the
sun. The Nimbus 7 values, from Nov eJilbe r
1978 to May 1979, show an irradiance of
1376 wm- 2 , with a root mean square devi-

The search for these solar periodicities
in time series of meteorological elements,
mainly temperature and humidity, has been
the target for scores of stUdies. Most of
them have been disappointing. Although
power spectrum analyses have shown in some
of these series statistically significant
periodicities in the solar rhythm bands,
their contribution to the total variance
is usually less than 10 per cent. The
longest temperature series available is
that of Manley (23) for Central England.
Only about 6 per cent of its variance
could be explained by the basic sunspot
rhythm. The power spectrum of a recon
struction of northern hemisphere tempera
tures since 1579, about 400 years, fails
to show any significant power for the
shorter sunspot rhythms. However, a sig
nificant peak shows up for a 99-year
cycle. This may be the Gleissberg cycle
but with a series only four times as long,
it would be bold to make any claims for
its reality (24).

The question has been rightly raised if
the relative sunspot number is a suitable
index to indicate solar energy output.
Hoyt (25) has suggested that the ratio of

ation of the daily values of + 0.05 per
cent. The Solar Maximum Hission observa
tions, from March through December 1980
yield 1368 Wm- 2 with an uncertainty of
less than + 0.05 per cent. It is as yet
unclear if- the difference of 0.006 per
cent is of any significance. FrOhlich and
Brusa (22) have reevaluated all data for
the IS-year interval 1965 to 1980 and con
cluded that the solar irradiance, within
the uncertainties of measurement, has not
changed.

4. EFFECTS OF SOLAR VARIATION ON CLIMATE

What are we then to make of a century of
claims of effects of solar variations on
climate? Nearly a1..1 of these have been
based on the fluctuations of the sun
spots. The relative sun spot number is an
arbitrary index based on the number of
spots on the visible disk of the sun and
the number of spot groups and a reduction
coefficient. This number, available with
reasonable comparability since about 1700,
shows the well-known changes from year to
year. One can hardly call these cycles.
Although the interval between maxima of
sunspots is about 11 years, the range has
been between 7 and 17 year s. For minima
the average is 11 years too, but the range
is from 9 to 14 years. The magnetic pola
r ity of sunspots also shows a quasi-peri
odic variation of twice the length of the
basic sunspot rhythm. This double sunspot
rhythm, often referred to as the RHale
cycle·, has an average length of 22
years. There has been another suspected
rhythm, variously placed at values between
90 and 100 years, the RGleissberg cycleR.

to 1368
authors

1353
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other
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M. Nicolet
F. S. Johnson
M. A. Thekaekara &

A. J. Drummond

Author

A range of estimates
Wm- 2 has been given
(18).

From about 1905 onward the Smithsonian In
stitution made pyrheliometric measurements
on high mountains in the clearest acces
sible areas of the world. By extrapola
tion to the boundary of the atmosphere to
allow for ozone absorption aerosol and mo
lecular extinction, estimates of the total
solar energy received were made. In a
succession of papers C. G. Abbot documen
ted these observations (13). He made ear
ly analyses of quasi-periodic fluctuations
on weather, especially precipitation (14).

Regrettably the calculated values of the
irradiance were afflicted by considerable
uncertainties. The correlations to weath
er were equally shaky. The observations
are, however, far from being useless be
cause they give valuable information on
atmospheric turbidity caused by suspen
sions in the high atmosphere. Using the
S~ithsonian information, Hoyt (15) was
able to show that transmission is princi
pally affected by volcanic debris. Up to
1957 there was no evidence of any anthro
pogenic component. This still seems to be
the case up to 1980 from observations at
Davos, Switzerland, where a long, homogen
eous series of pyrheliometer observations
since the beginning of the century exists
(16) .
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Russian workers have followed similar
lines of investigation. They related in
vasions of solar protons near the magnetic
poles to sUbsequent pressure pat terns in
the area during winter. In the north po
lar region lowered pressure followed these
invasions after about 3 days. In the
south polar region the lag was about 6
days (42). The number of cases, especial
ly for the south polar regions, is small
so that the significance of these observa
tions remains an open question.

There was a flurry of excitement in the
early 1970s when several papers seemed to
link a solar magnetic index with atmos
pheric pressure patterns. Roberts and
Olsen (38) claimed that about 2 to 4 days
after magnetic storms 300 millibar troughs
in the northeast Pacific deepened during
the cold season. Further work led to
elaboration of an index of areas of high
vorticity in the northern hemisphere and
its relation to passages of sector bounda
ries of the solar magnetic field (39).
All this was based on a variety of statis
tical tests and the usual debate over ap
plicability and validity of these tests
ensued. But ultimately only very substan
tial doubt about the reality of the rela
tion remained (40, 41).

The link of solar particulate invasions
into the high atmosphere to the lower at
mosphere has been further explored by Rei
ter (43). He measured isotopes produced
by cosmic rays in the high atmosphere,
such as Beryllium 7 on a mountain station
3 km high. Increased concentrations were
considered indicative of transport of
stratospheric air into the troposphere.
These transports increased by about 50 per
cent after Ho<, flares near the central mer
idian on the sun, with a lag around 4
days. Such stratospheric air invasions
into the troposphere following notable
changes in the solar wind have not yet
been confirmed by other methods of analy
sis nor has a full physical explanation
been given.

A final tie claimed between solar events
and the weather needs some scrutiny. Her
man and Goldberg (44) based on alleged
correlations between solar activity and
thunderstorm frequency, advanced the hypo
thesis that solar proton invasions could
change the electric field above clouds and
thus enhance electrical storm formation in
extra-tropical regions. This is also the
basis of a somewhat more elaborate model
of Markson (45) who argues that the in-

umbral to penumbral areas of sunspot, an
indication of solar convection, would be a
better index. This author calculated an
nual umbral/penumbral ratios between 1874
and 1970. These were compared with north
ern hemisphere temperature values for that
interval by Borzenkova et al. (26). The
correlation between that solar activity
index and the temperature is 0.57. Al
though this is a statistically highly sig
nificant value, only a moderate 32 per
cent of the variance is explained.

The method of Hoyt suggests that an active
sun has lower energy emissions than when
it is inactive. This agrees with the
views of Agee (27, 28) who attributes the
slight hemispheric cooling since 1940 to a
waxing phase of the Gleissberg cycle. Pa
pers by Eddy (29, 30) had postUlated the
opposite, namely that an active sun radia
ted more energy than a quiet sun. He
based this in part on his impressions of
effects of the so-called -Maunder Minimum
of sunspots and its alleged cooling ef
fects on the earth. This minimum of sun
spots, placed in the interval of 1645
1715, while apparently low in solar activ
ity, was not as minimal as represented.
Many sunspot (and associated auroral) ob
servations, not in standard compilations,
were overlooked. Material found in vari
ous diaries, dissertations, and other pub
lications clearly imply that the solar
rhythm was maintained and that the lull in
solar activity was definitively over in
1704 (31, 32). Also the contention that
the Maunder interval was particularly cold
cannot be maintained. Actually decades
just before that period and toward the end
of the 18th century and in the beginning
of the 19th century were definitely colder
in the northern hemisphere (24).

As far as temperature is concerned the
contemporary solar activity rhythms seem
to have only small influence. A better
case can be made for precipitation. The
power spectra for long precipitation se
ries tend to show a notable coherence with
the sunspot numbers, especially in tropi
cal and monsoonal areas. But even in this
case the total amount of variance ex
plained remains small, usually below 10
per cent (33, 34, 35). Droughts in the
U. S. west of the Mississippi River have
also been linked to the solar rhythm.
Mitchell et al. (36) have demonstrated
that the area of moisture stress in the
western U.S. show a concentration of vari
ance at periods near 22 years. They based
this conclusion on power spectra of the
annual relative area showing symptoms of
drought in tree rings at various levels of
severity. This information can be estab
lished for over 300 years. It has, howev
er, been suggested that there is interfer
ence with the solar rhythm by an 18.6 year
lunar cycle (37). As the solar rhythm is
irregular and in itself only partially
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predictable, one is left with a
general conclusion that droughts
West will probably recur at about
intervals with uncertainty of 2 or
in the timing.

5. EFFECTS ON WEATHER
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