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Abstract 

The analysis of major change in the angular momentum of the sun's irregular motion about the 
barycenter of the solar system, represented by extrema in the running variance of impulses of 
the torque (IOT), discloses a connection with both extrema in the Gleissberg cycle of secular 
sunspot activity and maxima in the thickness of varves from Lake Saki,Crimea. This significant 
relationship can be traced back to the 7th century. Further inquiries link the running variance 
in IOT to rainfall over central Europe, England, Wales, eastern United States, and India, as well 
as to temperature in Europe. This significant correlation covers more than 130 years. 

Introduction 

There has been permanent controversy over whether or not the sun's varying activity 
influences weather on earth. Simple relationships discovered in the 1870's and the following 
decades vanished when examined more critically, or faded in the light of longer records. 
Furthermore, such ephemeral relationships were limited to special regions and did not cover 
larger areas subjected to the same or a similar climate. Yet the quest persists. In 1987 
Labitzkel reported that mid-winter warmings in the U.S. and Western Europe are well correlated 
with the 11-yr sunspot cycle over the past 40 years, provided the switch in direction of 
stratospheric winds (QBO) is taken into account. I t  has been objected that this connection, 
covering only some decades, could be explained by internal decadal variations in the atmosphere 
that happen to be in phase with sunspots for some cycles, but show no actual physical 
r e l a t i ~ n . ~  This kind of criticism does not apply to the results presented here that cover more 
than 130 years of rainfall and temperature in different parts of the Northern Hemisphere and 
12 centuries of Lake Saki varve data. The solidly significant correlation of these data with 
impulses of the torque in the sun's motion about the center of mass (CM) of the solar system 
cannot be explained by a complete chain of cause and effect. An acknowledged theory of solar 
activity does not yet exist, and the atmosphere's response to solar activity remains poorly 
understood. It is shown, however, that special phases and cycles in the sun's motion, accessible 
to computation, show a strong relationship both with the sun's varying activity and with 
synchronous climatic phenomena.3 Earlier results based on this relationship were tested by 
successful long-range forcasts of energetic solar eruptions and strong geomagnetic  storm^,^ and 
by the correct prediction of the end of the Sahelian drought three years in a d ~ a n c e . ~  

Change in the Sun's Angular Momentum and Gleissberg Cycle 

Satellite instruments revealed that the sun's brightness decreased by about .1 percent between 
the peak of sunspot activity in 1980 and its minimum in fall 1986. Unexpectedly, the sun grew 
more luminous in the ascending phase of the new cycle. Analysis by Foukal and Lea6 indicates 
that the increase in bright faculae outweighs the increase in dark spots.7 According to 
calculations based on standard climate models, a dip in the solar irradiance of between .2 and .5 
percent, acting over several decades, would have been sufficient to cause the Little Ice ~ g e . '  



Thus, i t  is  not unimaginable t ha t  t he  secular cycle of solar activity,  covering more than eight 
decades, builds up a sufficient potential of climatic change by steady accumulation of excess 
radiation, or  by continued radiation lower than average over  a period of several  decade^.^ If 
this  proved true, techniques based on impulses of the  torque in t he  sun's motion (IOT) could 
presumably help t o  forecast t he  sun's secular behavior and the  earth's climatic response. 
Figure 1 shows t h e  36-yr running variance u 7 sZ of impulses of t he  torque in the  sun's 
motion measured by the  time integral AL = 1,; T(t)  dt. In this  equation, L represents t h e  
sun's orbital angular momentum and T the  torque tha t  drives t he  sun's motion about the  CM. 
T h e  running variance v, t he  moving square of the  standard deviation, provides an apt 
representation of the  change in the  orbital angular momentum L within special time intervals. 
T h e  epochs of minima in t he  secular sunspot cycle from A.D. 700 to  1600, defined by 
~ le i ssberg"  and  ink," are  indicated in Figure 1 by arrows. It is  obvious t h a t  all of t he  
extrema in the  running variance v in IOT coincide with the  epochs of secular minima. A 
connection with secular maxima emerges when the  smoothed 9-yr running variance of IOT is 
computed tha t  shows a finer resolution. T h e  resultant complex pattern, shown in Figure 2, 
conveys the  impression of pentadactyl hands. T h e  middle fingers (3) and li t t le fingers (5) point 
to  secular sunspot minima, marked by triangles, while t he  other  fingers indicate secular periods 
of intense sunspot activity,  designated by arrows pointing upwards. Fingers 1 and 2 coincide 
with periods of protracted higher act ivi ty  with an intermittent lull, wheras finger 4 is related 
to  secular maxima concentrated on a single spell of secular activity.  

Th i s  rhythmic pattern i s  v e r y  sensitive to  disturbances. Figure 2 shows tha t  in t he  15th 
century one finger was lacking so tha t  instead of two consecutive maximum periods 1 and 2 
there was only one. Remarkably, th i s  phase anomaly coincided with the  beginning of t he  Sporer 
minimum. Figure 3 shows the  effect  of a different kind of disturbance tha t  did not occur in 
the  centuries A.D. 700-1600. In 1632, 1811, and 1990 the  sun's motion relative t o  t he  CM was 
retrograde, and the  orbital angular momentum became negative. T h e  epochs of these v e r y  rare  
events, marked by R in Figure 3, always fell on period 2, the  index finger. T h e  retrograde 
motion in 1632 did not change the  rhythmic pattern, but  i t  is  conspicuous t h a t  t he  minimum 
period 3 coincided with the  Maunder minimum. T h e  retrogression in 1811 was related t o  a phase 
shift .  Period 2 should have indicated a maximum, but coincided with the  deepest secular 
sunspot minimum observed af te r  t he  Maunder minimum. This  phase inversion, t he  only case in 
14 centuries, also affected the  following periods 3 and 4. Open triangles in Figure 3 label this  
perturbed period; triangles pointing upwards indicate secular maxima, and those pointing 
downwards mark epochs of secular minima. Period 5 a t  t he  beginning of t he  20th century 
restored the  regular rhythm. T h e  extended period of weak sunspot act ivi ty  from 1880 t o  1930 
reflects t he  circumstance tha t  period 4, irregularly connected with a secular minimum, was 
followed by period 5 tha t  regularly coincides with secular minima. As yet,  the  20th century has 
continued t o  follow the  regular cyclic pattern. Period 1 reached i t s  peak in t he  second half of 
the  1950's, when the  sunspot act ivi ty  was extremely high. After an intermittent decrease 
around 1970, there was a steep ascent again. Period 2, the  index of t h e  current  hand, peaked a t  
t he  end of t he  1980's. This  marks the  epoch of a fu r the r  secular maximum, which is in accord 
with unexpectedly high sunspot act ivi ty  observed in 11-yr sunspot cycles 21 and 22. It should 
not be forgotten, however, t ha t  period 2 is subject t o  instability a s  i t  coincides with retrograde 
solar motion and negative angular momentum. Considering tha t  change in t h e  sun's orbital 
angular momentum is fundamental t o  the  concept in question, i t  seems consistent t o  assume tha t  
a switch in sign will have an effect.  As a phase switch like tha t  around 1811 did not occur, 
the  anomaly will perhaps affect  t he  dimension of the  secular minimum related t o  period 3. A 
comparable situation occurred around 1670 when period 3, following retrograde solar motion in 
1632, concurred with the  Maunder minimum. T h e  coming period 3 will peak around 2026. Period 
4, the  next pointer t o  a secular maximum, will reach i t s  peak a t  t he  end of t he  2050's. 

Lake Saki Varve Thickness and Impulses of the Torque 

A complete pentadactyl hand covers  a period of 178.8 years, t he  fundamental cycle in t he  sun's 



motion discovered by ~ o s e ' ~  and studied by Fairbridge, Sanders, and shirley.13 ~ a n s ~ a a r d ' ~  has 
derived a cycle of just  180 years in climate from the  Camp Century ice core drilled from the  
Greenland Ice Sheet. This  correspondence begs for  an investigation of a possible relationship of 
climate features  with t h e  complex pattern of t he  pentedactyl hand which reflects both 
variations in impulses of the  torque in t he  sun's motion and secular sunspot activity.  T h e  mean 
interval between fingers of the  hand is 35.76 years, and the  average distance from the  peaks of 
fingers - major maxima in t he  running variance of IOT (VMax) - t o  the  deepest points between 
two neighboring fingers - major minima in the  running variance of IOT (VMin) - covers  17.88 
years. In a thorough analysis of Lake Saki varves,  ewe^" has found cycles with a 
corresponding length between 17 and 18 years. Hence, the  thickness changes in t he  varve  
deposits from Lake Saki, Crimea, were examined with regard t o  connections with the  variance in 
JOT. Shostakovich, who published the  varve  data, covering a period of 4189 years  (2295 B.C. t o  
A.D. 1894),16 also presented evidence tha t  related varve  thickness t o  local precipitation: t h e  
thickest varves were linked to  very  w e t  years and the  thinnest varves t o  ve ry  d ry  years.17 In 
his analysis, Dewey focused attention on a cycle of 17.3 years because he  had found a cycle 
of nearly t he  same length in the  flood stages of the  River Nile. He noted, however, t h a t  a 
concurrent 17.75-yr cycle was also present in the  data. As a result  of his analysis, Dewey 
assessed the  dates of the  ideal crests  in the cycle t ha t  he had found in t he  Lake Saki data. 
Dewey's crest  dates do not perfectly f i t  t he  actual crests  in t he  varve  thickness in all single 
waves of t he  cycle. But when he f i t ted a sinusoid t o  each of the  waves, measured the  extent 
to  which the actual crests  concentrated around the  time of the  ideal crest, and calculated 
average values for  groups of 48 waves each, all crests  fell within 0.47 year of ideal timing. 
When the  averaging was based on groups of 12 waves, t he  median irregularity did not go 
beyond 0.84 year. T h e  Lake Saki varve  data a re  noisy and show a serrated shape. T h e  timing 
of major crests  in a new investigation could be exposed to arguments. Therefore, t he  
independently assessed ideal epochs in Dewey's table were compared with the  epochs of extrema 
VMax and VMin in the  9-yr running variance of IOT, 

In a f i r s t  test, 33 VM~X-epochs, emerging in t h e  period from A.D. 700 t o  1894 a t  intervals of 
about 36 years, were related to  every  second ideal crest  date from Dewey's list. T h e  ideal 
crest  date next t o  the  f i r s t  V ~ a x  epoch determined the  beginning of t he  continuous sequence 
formed by every  second ideal crest .  This  sequence was disturbed only a t  the  s t a r t  of the  
Medieval maximum, also a climate optimum, and a t  the  beginning of the  Maunder minimum. 
There  was a phase change by .rr radians reflecting synchronous signals in the  variance of IOT. 
Half of t he  respective interval between consecutive VMax was defined a s  a range into which 
associated ideal crest  epochs can fall. Relative t o  V M a x  a t  the  center, th i s  range covers f 18 
years. T h e  evaluation of the  deviation of ideal crest  dates from V M ~ X  data becomes easier, 
when absolute values a re  considered. In a random distribution, the  mean of t he  deviations of 
respective ideal crest  dates from VMax epochs in years would then be TI = 9. A Monte Carlo 
model based on 10,000 iterations yields the  standard deviation a, = 5.15. T h e  parameters of 
t he  observed distribution a re  quite different: F2 = 4.97 and a2 = 2.81. Student's t-test  
(Fisher-Behrens formula) yields t = 8.19 fo r  33 degrees of freedom. T h e  rules valid f o r  single- 
sided distributions apply: P < 6 X lo-'. T h e  null hypothesis of no significant difference 
between t h e  means involved can be rejected a t  a high level of significance. This  result  is  
corroborated when VMln epochs in their  relation t o  t h e  rest  of t he  ideal crest  dates a r e  
subjected to  t he  same process such tha t  t he  ideal crests  t ha t  were skipped are  now 
continuously related t o  VMIn epochs. This  procedure yields T3 = 4.5 and a3 = 2.34. T h e  
parameters of the  control group, F1 and al, are  t he  same a s  before. Student's t es t  resul ts  in t 
= 10.96 fo r  33 degrees of freedom; P < 6 X T h e  null hypothesis of no correlation 
between the  epochs of V M ! ~  is rejected a t  a high level of significance. A x2-test a s  well a s  a 
nonparametric Mann-Whitney-test yield t he  same results. T h e  tests  of VMax and VMin, when 
combined, point to  a real difference between the  random group and the  observed group, and 
substantiate t he  working hypothesis of a relationship between extrema in t he  variance of IOT, 
connected with solar activity,  and Lake Saki varve  thickness, related t o  local rainfall. Fur ther  
computations, t ha t  cover all of t he  data back t o  2295 B.C., a re  underway; t he  results will be 
published soon, a s  well a s  the  yield of another approach tha t  evaluates actual maxima in 



smoothed varve  thicknesses in relation t o  VMax and V M I ~ .  

Shostakovitch's varve  data show a mean th i ckness7  = 1.2 mm. Thicknesses t 2 80 mm can be 
considered extreme. There  were only nine such events observed in 4189 years. In conformance 
with the  proposed working hypothesis, all of these outstanding events occurred close t o  V M a x  

and V M I ~  in IOT. When waves running from VMax t o  VMax are  normalized t o  100, all events t 2 80 
m m  fall within 10/100 of a wavelength around VMin, and within 5/100 t o  15/100 of a wavelength 
around VMax.  A x2-test yields t h e  value 13.5 fo r  1 degree of freedom: P < 0.0003. 

Rainfall and Temperature Connection with Impulses of the Torque 

Lake Saki varves offered an occasion of looking into a special relationship confined t o  local 
climate, but covering many centuries. T h e  following connection of IOT with climate covers  
merely 13 decades, but comprises different areas of t he  Northern Hemisphere. T h e  IOT 
features,  presented hitherto, constitute the  most prominent phenomena related t o  major maxima 
and minima. T h e  variance presented in Figures 2 and 3 was subjected t o  a Gaussian low pass 
fi l ter eliminating all patterns emerging within a range shorter  than 30 years. T h e  unsmoothed 
data reveal intermittent maxima and minima in the  9-yr running variance v of IOT. Major a s  
well a s  intermittent minima in v occur, when Jupiter, which contributes most t o  t he  sun's 
motion about t he  CM, the  center of mass itself, and the  sun's center (CS) a re  in line (JU-CM-CS 
events). Maxima in v, including intermittent maxima, develop near t h e  middle between two 
consecutive JU-CM-CS events. Henceforth, all minima in t he  9-yr running variance in IOT are  
termed VMln, and all corresponding maxima VMax. These extrema seem t o  be connected t o  rainfall 
over  Central Europe. Figure 4 shows the  smoothed 2-yr running variance V r  of yearly rainfall 
totals (mm) derived from observations of 14 German stations by ~ a u r . ' ~  Th i s  homogeneous time 
series, supplemented by data from 'Berliner Wetterkarte', published by the  Meteorological 
Institute of t he  Free University of Berlin, covers t he  period 1851 -1983. T h e  distribution is 
Gaussian and f ree  from Markov type  persistence. Daily or  monthly data show some persistence 
patterns. These were eliminated, however, by the  formation of yearly means. T h e  2-yr running 
variance, smoothed by a Gaussian low-pass filter, focusses attention on the  change in variance 
from year to year. Peaks in the plot point to  strong contrast in t he  rainfall of consecutive 
years - very  wet years follow ve ry  d ry  years, or  very  d ry  years follow ve ry  wet years  - 
whereas minima indicate l i t t le contrast  in this  respect. Arrows in Figure 4 mark epochs of VMin, 

and open circles designate dates of VMax. T h e  plot conveys the  impression of a strong 
correlation of VMin with peaks in Vr and of VMax with troughs in v,. Only a t  t he  secular sunspot 
minimum around 1900 the VMax connection i s  weak o r  even disappears. Possibly, this  i s  due to 
the lack of releasable magnetic energy stored in large sunspots. T h e  f i r s t  impression of a good 
correlation is confirmed by a series of statistical tests.  T h e  probabilities resulting from 
different approaches in t-tests range from P < 0.0002 t o  P < 0.00003. T h e  null hypothsesis of 
no connection with IOT may be considered disproved. A replication was made by means of 
yearly r a ida l l  averages in England and Wales fo r  the  years 1850-1976." T h e  probability of 
false rejection of the  null hypothesis of no correlation i s  low again: P < 0.004. Another 
replication makes use of t h e  yearly total  rainfall (mm) in t he  eastern United States, reduced t o  
Philadelphia equivalent values, covering the  period 1850-1967.~' T h e  outcome i s  P < 0.009. 
Data from the  equatorial region, too, were examined. Yearly monsoon season (June- September) 
rainfall (mm) a t  Bombay from 1850 t o  1960~' showed a significant correlation ( P  = 0.014) when 
a phase sh i f t  by n/2 radians was allowed for. This  phase shift ,  emerging in low latitudes is no 
ephemeral feature.  I t  was confirmed by the  analysis of All-India summer monsoon rainfall (mm) 
from 1871 - 1978:'~ P = 0.005. Therefore,  a two-phase system with relation t o  the  
geographical latitude seems t o  be a promising approach. 

Temperature opens up a fur ther  field fo r  replication. Baur established a time series of yearly 
temperature averages based on the  respective means of the  stations Utrecht-de Bilt, Potsdam, 
Basle, and vienna.18 With extensions taken from the  'Berliner Wetterkarte', t h e  series covers 
the  period 1851 - 1983. T h e  higly significant result  of a t-test yields P < 0.002. Yearly mean 



temperatures in central England from 1851 - 1 9 7 6 ~ ~  confirm this  result, though on a lower 
level of significance: P < 0.05. As was t o  be expected a t  this  latitude, there a re  no indications 
of a phase shif t .  With regard t o  temperature, peaks in t he  2-yr running variance, connected 
with V M ~ T Z ,  are  characterized by alternately hot  and cold years, whereas troughs, correlated t o  
'UMax, point t o  consecutive years  with little contrast  in temperature. As fo r  details of t he  
statistical tests,  reported in this  section, reference is made t o  the  comprehensive paper 'Solar 
Rotation, Impulses of t he  Torque in t he  Sun's Motion, and Climatic  ariat ti on.'^^ 

The  f i r s t  results of this  interdisciplinary approach certainly a re  in need of fu r the r  
corroboration by replications based on new data tha t  cover long time series and various 
geographical regions. With regard t o  possible phase shifts,  i t  seems not advisable to  investigate 
global data. An analysis of annual average temperatures of the  Northern Hemisphere yielded no 
significant results. This  may be due t o  phase differences in different geographical latitudes 
tha t  cancel out.  If appropriate replications confirmed the  studied connection, this  could be of 
practical importance as, e.g., the  probability of a wet year following another wet year o r  of a 
drought year following another drought year would then be much higher a t  VMax epochs than 
around VMin. These prospects should be intriguing enough t o  induce climatologists and 
meteorologists to  engage in fu r the r  investigations. Hopefully, this  could lead, besides long- 
range predictions of energetic X-ray flares and outstanding geomagnetic act ivi ty  practised 
already, t o  progress in forecasting climatic variability. 
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Fig. 1. Correlat~on between the 36-yr runnlng variance In the sun's orbital angular momentum ( ,,) and 
the 80-yr sunspot cycle A.D. 700-1600. Extrema In the varlance v co~ncide w ~ t h  mtnlma in the secular 

cycle of runspot activity, the epochs o f  whlch are  ind~cated by arrows. 

Fig. 2.  Smoothed 9-yr  runnlng variance in the angular momentum o f  the sun's motion about the center o f  

mass o f  the solar system lv) A.D. 700-1600. The cyclic pattern, formed by the curve, conveys the 

impression o f  pentadactyl hands. Fingers are numbered. Fingers 3 and 5 point t o  minima in the 80-yr 

sunspot cycle, the epochs o f  which are marked by triangles. Fingers 1. 2, and 4 indicate secular maxima; 

respective epochs o f  intense solar actlvity are indicated by arrows. Perturbation o f  the penta-rhytm 

seems t o  induce instability. The rightmost hand, lacking a finger, coinc~des wlth the Sporer minimum. 



Fig. 3. Pentadactyl pat tern,  as presented In Fig. 2, covering the period 1500-2100. Triangles polnting 

upwards and downwards mark epochs o f  maxima and minima tn the 80-yr sunspot cycle. Perturbing phases 

o f  retrograde solar mot~on, designated by R. seem t o  be linked t o  instabiltty. A f t e r  1811, the extrema in 

the correlated secular sunspot cycle switched phase. Open triangles focus at tent ion on this anomaly, the 

only event in 1300 years o f  data looked into. Retrograde motion tn 1632 and 1990 did no t  perturb the 

regular rhythm. Perlod 3 a f t e r  1632, however, concurred with the Maunder minimum. Pertod 3 a f t e r  1990. 

peaking in 2026, could have similar impl~catcons. 

Fig. 4. Smoothed 2-yr runnlng vartance vl- o f  yearly rainfall tota ls (mm) derlved f rom observat~ons o f  14 

German s ta t~ons  by F Baur The data cover the per~od 1851 -1983. Arrows mark epochs o f  mlnlma In 

the 9-yr  running varlance v of  the sun's o rb~ ta l  angular momentum. Open clrcles des~gnate respective 

maxlma In v The s~gn~f lcant  correlatton between these solar and terrestr ta l  data IS corroborated by 

rainfall observat~ons f rom England. Wales, eastern U S A , and lnd~a 


