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Abst rac t  

v a r i a t i o n  of geomagnetic dis turbance with l u n a r  phsse. A 

broad inc rease  i n  geomagnetic a c t i v i t y  of about 4% bzgins  

h a l f  a day a f t e r  f u l l  moon and l a s t s  f o r  seven days. 

broad decrease i n  geomagnetic a c t i v i t y  of about 4% i s  

found f o r  t h e  seven days preceding f u l l  moon. 

a r e  v e r i f i e d  by a s tudy of random data  and by an examination 

of q u i e t  and d i s tu rbed  periods.  

dur ing  per iods  of g r e a t e s t  dis turbance.  

A 

The r e s u l t s  

The e f f e c t  i s  not  found 
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In t roduct ion  

Reports of l u n a r  in f luence  on a number of geophysical 

v a r i a b l e s  have appeared i n  t h e  l i t e r a t u r e .  Bradley e t  a 1  

(1962) and Adderley and Bowen (1962) claim t o  f i n d  a luna r  

in f luence  on r a i n f a l l .  Bigg (1963a) p re sen t s  evidence for  

a l u n a r  modulation of f r e e z i n g  nucleus concen t r a t ions  

measured i n  the  lower atmosphere. Bowen (1963) r e p o r t s  

v a r i a t i o n s  i n  the  incoming meteor r a t e  w i t h  l una r  phase, 

and Adderley (1963) c la ims a lunar  e f f e c t  on the amount of 

atmospheric ozone. Dorman and S h a t a s h v i l i  (1961) p re sen t  

evidence fo r  a l una r  d i u r n a l  v a r i a t i o n  i n  t h e  i n t e n s i t y  of 

the neutron component of cosmic r a d i a t i o n  dependent on l u n a r  

phase. Acceptable phys ica l  mechanisms f o r  the var ious  luna r  

modulation effects a r e  n o t  easy t o  f ind .  

The search fo r  a better understanding of these  s u r p r i s i n g  

l u n a r  i n f l u e n c e s  led Bigg (196333, c) t o  reLexamine the  e a r l i e r  

work of Sucksdorff (1956) on the  in f luence  of t h e  moon on 

geomagnetic d i s turbances .  Several  confusing and con t r ad ic to ry  

c la ims  have been made i n  previous lunar-geomagnetic a c t i v i t y  

s tud ies :  
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1. 

2. 

3. 

4. 

B a r t e l s  

That t h e r e  i s  a d i s t i n c t  decrease  of geomagnetic 

a c t i v i t y ,  averaging 12% during new moon, and a less 

marked decrease of 7% during f u l l  moon. Geomagnetic 

a c t i v i t y  i s  7% h igher  than average during f i r s t  q u a r t e r  

(Sucksdorff 1956) . 
That t h e r e  i s  a minimum of geomagnetic d i s turbance  

a t  new mDon, 20% lower than any o t h e r  minimum on t h e  

curve,  and a broad maximum of geomagnetic a c t i v i t y  

s h o r t l y  a f t e r  f u l l  moon (Bigg 1963b). 

That t he re  i s  a decrease i n  t h e  frequency of magnetic 

storms a t  new moon and a tendency f o r  magnetic storms 

t o  occur p r e f e r e n t i a l l y  near  f i r s t  and t h i r d  q u a r t e r s  

(Bigg 196333). 

That t he  decrease i n  the frequency of magnetic storms 

a t  new moon a p p l i e s  only t o  t h e  gradual-commencement 

type of storm. The sudden-commencement storms show 

an increased  frequency a t  new moon (Bigg 1 9 6 3 ~ ) .  

(1963) shows t h a t  t h e  conclusions s t a t e d  i n  (3) above 

a r e  ques t ionable ,  s i n c e  randomizing the  da t a  y i e l d s  v a r i a t i o n s  

of s i z e  comparable t o  those i n  t h e  l u n a r  da t a .  

It i s  the  purpose of t h i s  paper t o  c l a r i f y  t h e  c u r r e n t  
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confusion and t o  determine whether genuine in f luences  of t he  

maon on geomagnetic a c t i v i t y  a re  present .  I t  i s  e s t a b l i s h e d  

here in  t h a t  c o r r e l a t i o n s  with lunar  phase do e x i s t ;  they  may 

prove valuable  i n  understanding t h e  s o l a r  wind - magnetosphere 

i n t e r a c t i o n s .  

Procedure 

There i s  now a v a i l a d l e  more than 31 yea r s  of K ,ndices ,  P 

c o n s i s t i n g  of more *than 90,000 well-determined va lues  of 

s tandard q u a l i t y .  They represent  a d e t a i l e d  h i s t o r y  (8 va lues  

pe r  day) of t h e  d is turbance  v a r i a t i o n s  of t h e  geomagnetic f i e l d  

over nea r ly  t h r e e  sunspot cycles .  The s c i e n t i f i c  community i s  

indebted t o  the  l a t e  Professor  J. B a r t e l s  and h i s  c o l l a b o r a t o r s  

f o r  t h e i r  dedicated e f f o r t s  i n  the  compilation of t h i s  series. 

The K index i s  a worldwide measure of geomagnetic a c t i v i t y  

expressed on a quasi-logarithmic s c a l e  and based on the  

measurements a t  a f i xed  group of 1 2  obse rva to r i e s  i n  upper 

middle geomagnetic l a t i t u d e s .  The K index i s  t r a d i t i o n a l l y  

taken t o  be a measure of the v e l o c i t y  of t he  s o l a r  corpuscular  

stream. The Mariner 2 measurements af Snyder e t  a 1  (1963) 

e s t a b l i s h  with a considerable  degree of c e r t a i n t y ,  t h a t  the 

c l a s s i c a i  view is w e l l  taken. M? support i n  t he  da t a  i s  found 

P 

P 
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f o r  t h e  a l t e r n a t e  view of Dessler and F e j e r  (1963), which 

a t t r i b u t e s  K v a r i a t i o n s  t o  t h e  t i m e  r a t e  of change of 

s o l a r  wind p lus  magnetic pressure and p r e d i c t s  t h a t  a 

P 

s t rong  cons t an t  s o l a r  wind blowing p a s t  t he  

w i l l  r e s u l t  i n  a low K The data  i n d i c a t e  

5e the  case.  

P' 

P 

es tabl ishment  of a s u i t a b l e  reference l e v e l  

compare the  magnetic a c t i v i t y  a t  i nd iv idua l  

l una r  cycle .  The mean value of KP f o r  each 

The search f o r  a lunar  in f luence  on K 

magnetosphere 

t h e  opposi te  t o  

began with t h e  

with which t o  

t i m e s  dur ing t h e  

luna r  synodic 

per iod was taken: t h i s  i s  c a l l e d  Ep. 
each Kp va lue  during the  lunar  month and E 

d i f f e r e n c e ,  divided by Rp and mul t ip l i ed  by 100, i s  the  % 

depar ture  of magnetic dis turbance from t h e  re ference  l eve l .  

The d i f f e r e n c e  between 

was found. This P 

100 (KP - 
% departure  = - - 

K 
P 

This was done f o r  a l l  the  l u n a r  synodic per iods  contained 

i n  the  31 yea r s  of K data .  

( e i g h t  per  day) w e r e  taken during t h e  course of t he  lunar  

Mean values  of the  % depar tures  P 

cyc le  and a r e  shown i n  Figure 1. Figure 1 i s  t h e  output  of 
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a p l o t t e r  where each v e r t i c a l  marker r ep resen t s  one of t h e  mean 

va lues  of % depar ture .  Figure 1 i n d i c a t e s  t h e  following 

important f e a t u r e s :  

a )  A broad maximum of geomagnetic a c t i v i t y  ( e 4%) 

begins  a h a l f  day a f t e r  f u l l  moon and l a s t s  nea r ly  

seven days. 

b) A broad minimum of geomagnetic a c t i v i t y  ( M 4%) 

e x i s t s  f o r  about seven days preceding f u l l  moon. 

c)  There i s  nothing a t  new mom b u t  random s t a t i s t i c a l  

f l u c t u a t i o n s  ( v e r i f i e d  b e l o w ) .  

These r e s u l t s  a r e  gene ra l ly  unexpected, i n  view of t h e  emphasis 

given t o  the new mom pos i t i on  by previous i n v e s t i g a t o r s ,  where 

some type of "shadowing" mechanism a t  n e w  moon has  usua l ly  been 

expected. 

Severa l  a d d i t i o n a l  s t u d i e s  w e r e  performed t o  test t h e  

above conclusions.  

1. To t e s t  t h e  s ign i f i cance  of t he  depa r tu re s  observed 

be fo re  and a f t e r  f u l l  moon, and t o  determine i f  they 

might have o r ig ina t ed  i n  random f l u c t u a t i o n s ,  a series 

of a r t i f i c i a l  l una r  per iods of 25, 26, 27, 28, 29, 30, 

31 and 32 days were run through the  same computer 
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2. 

program using a l l  t he  31  years  of Kp d a t a  i n  each 

case.  In  a l l  these  random da ta  the re  w e r e  f i v e  

cases  where e s s e n t i a l l y  c l ean  depar tures  of about 

4% e x i s t e d  f o r  per iods of about t h r e e  days,  and 

t h r e e  cases  when depar tures  of a b x t  3% Pxis ted  

f o r  per iods  of about four  days. A l l  o t h e r  

depar tures  were for  l e s s e r  periods.  A s  examples 

of t he  random d a t a ,  Figures 2 and 3 a r e  presented 

f o r  t h e  27 day and 29 day r u n s  r e spec t ive ly .  It  

w i l l  be noted t h a t  Figures 2 and 3 show more than 

one random negat ive departure  comparable t o  t h e  

meaningless depar ture  a t  new moon i n  Figure 1. 

Many more w e r e  found i n  the  runs t h a t  have no t  

been reproduced. There i s  nDthing l i k e  t h e  seven 

day c l e a r  depar tures  of Figure 1 i n  any of t h e  

random data .  

A s  a f u r t h e r  tes t  of t he  phys ica l  r e a l i t y  of t h e  

observed e f f e c t s  before  and a f t e r  f u l l  moon, two 

sepa ra t e  r u n s  of % depar tures  w e r e  made each f o r  

e i g h t  yea r s  of da t a  only. The f i r s t  was f o r  t h e  

e i g h t  years  of q u i e t  sun  cons i s t ing  of K i n d i c e s  P 
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from 1932, 1933, 1934, 1942 ( l a s t  h a l f  only) ,  1943, 

1944, 1953, 1954 and 1955 ( f i r s t  h a l f  o n l y ) .  The 

second was f o r  t he  e i g h t  y e a r s  of d i s tu rbed  sun 

c o n s i s t i n g  of Kp i nd ices  from 1937, 1938, 1939 

( f i r s t  h a l f  o n l y ) ,  1947, 1948, 1949, 1957, 1958 and 

1959 ( f i r s t  h a l f  on ly) .  Figures  4 and 5 r ep resen t  

t h e  r e s u l t s  of t h i s  study. It i s  seen f o r  the q u i e t  

sun, where random f l u c t u a t i o n s  of K a r e  expected 

t o  be small ,  t h a t  the  previously observed e f f e c t s  

p e r s i s t  a s  i n  Figure 1. I t  is  seen f o r  t he  d i s tu rbed  

sun, where random f l u c t u a t i o n s  of K a r e  expocted t o  

be l a r g e ,  t h a t  the  e f f e c t s  about f u l l  moon have 

weakened considerably i f  p re sen t  a t  a l l .  

e i g h t  yea r s  of q u i e t  sun  K d a t a ,  t he  previously 

observsd e f f e c t s  a r e  c l e a r l y  v i s i b l e .  

P 

P 

With only 

P 

3. Ins tead  of using t h e  Zurich r e l a t i v e  sunspot numbers 

t o  d i s t i n g u i s h  those per iods  of s t rong  s o l a r  plasma 

flow from the  q u i e t e r  per iods ,  t he  E values  themselves 

might be used. In  t h i s  study the  382 l una r  per iods  

w e r e  d ivided i n t o  four groups on the  b a s i s  of 

d i f f e r e n t  Levels of A l l  four  groups w e r e  r u n  

P 

P* 
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through the  same % depar ture  a n a l y s i s .  The r e s u l t s  

f o r  t he  lowest t o  the  h i g h e s t  groups a r e  shown 

i n  Figures  6 ,  7 ,  8 and 9 r e spec t ive ly .  I n  Figure 6 

t h e  random f l u c t u a t i o n s  of Kp a r e  expscted t o  be small ,  

and the  observed lunar  e f f e c t s  of F i g u r e  1 a r e  indeed 

seen  t o  be present .  I n  Figure 9 the  random f l u c t u a t i o n s  

of Kp a r e  expected t o  be l a r g e ,  and t h e  e f f e c t s  a t  

f u l l  moon a r e  not  evident .  The f i g u r e s  f o r  t he  two 

in te rmedia te  groups represent  a grada t ion  between 

Figures  6 and 9. The luna r  per iods  assembled t o  form 

Figure 6 a r e  not  necessa r i ly  those of Figure 4 ,  n o r  

a r e  those of Figure 9 the same a s  the luna r  per iods  

of Figure 5. I n  f a c t ,  they a r e  no t  the  same i n  more 

than h a l f  t he  cases .  This  i s  n o t  s u r p r i s i n g  when one 

contemplates t h e  occurrence of dis turbed per iods  i n  

low sunspot yea r s  o r  q u i e t  per iods  i n  high sunspot 

years .  

P 

Conclusions 

I t  has  been shown t h a t  the e a r t h ' s  magnetic f i e l d  i s  

on t h e  average 4% q u i e t e r  f o r  t h e  per iod beginning a f t e r  

i u n a r  f i r s t  quarter and l a s t i n g  u n t i l  just a f t e r  f u l l  moon 
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and i s  then on the  average e 4% more d i s tu rbed  from j u s t  

a f t e r  f u l l  moon u n t i l  l a s t  quar te r .  Any phys ica l  mechanism 

t o  account f o r  t h e  v a r i a t i o n s  of geomagnetic a c t i v i t y  about 

f u l l  moon mus t  be sought i n  the  i n t e r a c t i o n s  between t h e  

moon and t h e  t a i l  of t he  geomagnetic c a v i t y  formed by t h e  

magnetosphere embedded i n  t he  flow of t h e  s o l a r  wind. 

Acknowledgments 

It  i s  a p leasure  t o  acknowledge the a b l e  a s s i s t a n c e  

of M r .  Bernard Goldstein,  who programmed and c a r r i e d  ou t  

t h e  numerical computations on the IBM 7094 computer and 

S-C 4020 p l o t t e r .  



-11- 

References 

Adderley, E.E. ,  The inf luence  of t he  moon on atmospheric ozone, 
J. Geophys. R e s . ,  68, 1405-1408, 1963, 

Adderley, E.E.,  and E.G. Bowen, Lunar component i n  p r e c i p i t a t i o n  
d a t a ,  Science,  137, 749-750, 1962. 

B a r t e l s ,  J., Behauptete e i n f l u s s e  des  mondes auf d i e  
erdmagnetische unruhe und i h r  s t a t i s t i s c h e r  
h in te rgrund,  Naturwissenschaften, 50, 592, 1963. 

Bigg, E.K. ,  A l una r  i n f l u e n c e  on i c e  nucleus concent ra t ions ,  
Nature, - 197, 172-173, 1963~. 

Bigg, E.K.,  The inf luence  of the  moon on geomagnetic d i s turbances ,  
J. Geophys. R e s .  , 68, 1409-1413, 1963b. 

Bigg, E.K. , Lunar and p lane tary  inf luences  on geomagnetic 
d i s turbances ,  J. Geophys. R e s .  , 68, 4099-4104, 1963s. 

Bowen, E.G. , A luna r  e f f e c t  on t h e  incoming meteor r a t e ,  
J. Geophys. R e s . ,  68, 1401-1403, 1963. 

Bradley, D.A., M.A. Woodbury, and G.W. B r i e r ,  Lunar synodical  
per iod and widespread p r e c i p i t a t i o n ,  Science, 137, 
748-749, 1962. 

D e s s l e r ,  A . J . ,  and J . A .  Fe j e r ,  I n t e r p r e t a t i o n  of K, index and 
M-region geomagnetic storms , Planet: Space Sc i .  , 
- 11, 505-511, 1963, 

Dorman, L . I .  , and L. Kh. Sha ta shv i l i ,  Lunar d u i r n a l  v a r i a t i o n  
of t he  neutron component of cosmic r ad ia t ion  and 
t h e  ques t ion  of i t s  o r i g i n ,  Geomaqnetizm 
Aeronomiia, I, 663-670, 1961. 

Snyder, C.W., M. Neugebauer and U.R. Rao, The s o l a r  wind v e l o c i t y  
and i t s  c o r r e l a t i o n  with cosmic-ray v a r i a t i o n s  and 
wi th  s o l a r  and geomagnetic a c t i v i t y ,  J. Geophys. R e s .  , 
oc), 0301 U J I W ,  A d w e .  

r - i~ i - t z37n  i a ~ 2  

Sucksdorff ,  E . ,  The inf luence  of t he  moon and the  inne r  p l a n e t s  on 
the  geomagnetic a c t i v i t y ,  Geophysics (Hels inki)  
5 (2) , 95-106, 1956. 



-12- 

Figure Captions 

Figure 1 - Mean va lues  of t h e  % depa r tu re  of Kp a s  a func t ion  
of l una r  phase. (31 yea r s  of Kp d a t a )  

Figure 2 - Mean values  of t he  % depar ture  o f  Kp f o r  27 day 
periods.  (31 years  of Kp d a t a )  

Figure 3 - Mean values  of t h e  % depar ture  of K for  29 day 
periods.  (31 years  of Kp d a t a )  P 

Figure 4 - Mean va lues  of t he  % depar ture  of Kp a s  a func t ion  
of l una r  phase. (8 q u i e t  s u n  y e a r s  only) 

Figure 5 - Mean values  of t he  % depar ture  of Kp a s  a funct ion 
of l una r  phase. (8 d is turbed  sun yea r s  only)  

Figure 6 - Mean va lues  of t he  % depar ture  of Kp a s  a func t ion  
of l una r  phase. 
q u a r t e r  only ) 

(Ep values  of the l o w e s t  

Figure 7 - Same a s  Figure 6. (Ep values  of t h e  next  t o  the 
l o w e s t  q u a r t e r  on y) 

Figure 8 - Same a s  Figure 6. (Ep va lues  of the next  t o  the  
h ighes t  q u a r t e r  only)  

Figure 9 - Same a s  Figure 6 .  
q u a r t e r  only) 

(Ep va lues  of t h e  h ighes t  
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