Sun tides: an unexplored astronomical approach to climate
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ABSTRACT

Numerical indices expressing the strength of postulated sun tides and dependent solar
energy output were computed from the heliocentric positions and radius vectors of
the major planets at 8 or 10 day intervals for the years 1855-1980 on the University
of Oklahoma IBM 650; from which accordant Global Index and Northern Hemisphere
Zonal Clear Sky Insolation Indices were derived. The resulting numerical series display
very complex though orderly quasiperiodic variations. Cyclic recurrences appear in
the index patterns at intervals of 118.5 days, the mean hemi-synodic period of Jupiter
and Venus; 12 years, caused by the recurrent orientation and alignment of Jupiter,
Venus, and Earth; and 59-60 and 83-84 years in which the outer planets and Mercury
are also involved. The validity of the energy relation assumptions made in computing
the index models is supported by: Adem, J., (1964), A positive r = 0.88968 SE 0.07698
correlation during the last solar cycle, 1954-1965, between the December-January
Zonal Clear Sky Insolation Index for latitude 45° N and December-January nor-
malized nucleon intensity monitored at 11,000 feet on Mt. Washington by Lockwood &
Kaplan; Birot, Pierre, (1965) June and July precipitation 1900-1960 at White River,
Ontario, Bismarck, North Dakota, and Edmonton, Canada, are also positively corre-

lated with the May-June—July 7 planet index for 45° N Latitude.

Weather forecasting by numerical methods
has progressed rapidly in recent years, but the
development of models for seasonal and longer
range prediction has not been realized, Adem,
J., (1964), Eliassen, Arnt, Nemias, Jerome,
(1966). M. Milankovitch, (1920) developed an
Astronomic approach but neglected solsr energy
output variation Milankovitch, M. Sunspot
cycles have received much attention, and corre-
lations with climate for relatively short time
intervals have been found; but the sunspot
cycles undergo change in phase, duration, and
amplitude and are not rigorously predictable.

Recent advances in astrophysics and geo-
physics have revealed that variations of the so
called ‘“‘solar constant’ are involved in meteo-
rological processes for which terms must be
included in weather and climate forecasting
models. Since the sun is a variable star located
at the gravitational center of the Solar System
and the atmosphere is a single indivisible system,
it is not unreasonable to assume that world
climate variations may be inherent in the
mechanical and thermodynamic nature of the
Solar System and accordingly are ordered and

not random. Instead it is postulated that the
planets, according to their heliocentric positions
and degree of alignment, cause sun tides to
which the generation and escape radiant energy
from the sun is related. The physical laws of
Celestial Mechanics, as formulated by Kepler
and Newton, are relevant and provide a basis
for rigorous investigation.

Three series of indices expressing sequential
stages in the postulated energy chain reactions
are recognized: Adem, J., (1964) The Sun Tide
Solar Radiation Index (STR), Birot, Pierre,
(1965) The Global Insolation Index (GI), and
Bollinger, C. J., The Northern Hemisphere
Latitude-zone Clear Sky Insolation Index (LZI).

Sun tide computation

The existence of sun tides is postulated by
analogy with ocean and atmospheric tides where
it has been found that the tide raising forces of
individual planets vary directly with mass and
inversely with the cube of distance or as
(m/r®). The combined tidal influence of two or
more planets on the sun, if heliographic declina-
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tions are neglected, can be computed from any
heliocentric configuration:

me
P, + 5P, cos (I, -1,) ete.,
r2

sT -T2
1
where m =mass, r =radius vector, and [ = helio-
centric longitude. In this numerical system the
tide force of earth at mean distance (one astro-
nomical unit) = 1.0.

Seven planet (Neptune neglected) sun tide
indices were computed at 8- or 10-day intervals
on the University IBM 650 from data given
in the annual volumes of the American Ephe-
meris for the years 1855-1959 and the British
Ephemeris for 1960-1980; along with a separate
series for the Jupiter-Venus—Earth tidal compo-
nent (Bollinger, 1960, 1961 3a 3b). All other
computations were made on a Monroematic
desk calculator. The precise relation between
the resultant sun tide index ST) and solar
energy output (STR) cannot be determined
from data now available. However, phase rela-
tions between ST index cycles and observed
climatic element variations indicate positive
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correlation, which is also supported by a posi-
tive » ~0.8698 s.E. 0.07698 correlation (Fig. 1)
during the last solar cycle between December—
January normalized nucleon intensity monitored
at 11,000 ft. on Mt. Washington, as reported
by Lockwood & Kaplan (1967) and the 1954—
1965 December—January LZI index for 45° N
Latitude (Bollinger (1966), Lockwood, J. A. &
Kaplan, J. (1967), Bollinger, C. J. (1963)).
Accordingly it appears that sun tide indices
(ST) may be used as radiation (STR) indices in
first-approximation exploratory computations
(Fig. la and b).

The Global Insolation Index is derived from
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Fig. 1. (a) Variation of normalized December—January Nuclean intensity at 11,000 ft on Mt. Washington
in the 1954-1965 Solar Cycle. After Lockwood and Kaplan. (b) variation of LZI 45° N. Latitude Clear
Sky Imsolation Index Expressed as percentages of 20.4 kg-cal em?, the normal clear sky insolation on
the equator in the equinoxal months March and September (Budyko).
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Component Seven Global Index
Phase JVE.GI planets Phase GII
1928 Jan. 24 + 5.05785 Feb. 1 + 6.7128025
1934 Jan, 16 - 2.210848 Jan. 16 - 2.4279719
1940 Jan. 25 + 5.0159519 Feb. 18 + 6.498477
1946 Jan. 17 - 2.1795239 Feb. 17 - 2.6296148

the STR index by multiplying by 1/r® earth:
GI =STR x 1/r? earth. The Global Index repre-
sents the postulated theoretical solar radiation
striking the earth hemisphere facing the sun.

The Latitude-zone Clear Sky Insolation Index
(LZI) varies with latitude and season and pro-
vides data hopefully pertinent to heat balance
and seasonal weather investigations. The LZI
index represents monthly clear-sky, direct and
diffuse, insolation (@ +¢) in a given latitude in
a given month expressed as a percentage of
20.4 kg-cal em?® month, the normal clear sky
@ +q received at the equator in the equinoctial
months March or September (Budyko, 1956).

Since in these sun-tide related computations
rotation of the sun and declinations of the plan-
ets relative to the plane of the sun’s equator
have been neglected, the derived indices are
only first approximations of true index values.
However, the index tables provide frames of
reference and numerical values by which their
relevancy to meteorological and climatological
variables can be tested.

Indices cycles

The sun-tide-energy index tables reveal very
complex quasiperiodic large amplitude varia-
tions. The orderliness and magnitude of the
component Jupiter—Venus-Earth 12-year cycle,
and the seven-planet index values at extremes
of the strong solar index cycle in which the
North American ‘“Dust Bowli” developed, are
presented for illustration. The indices and phase
dates are exact except for a possible error of
0-4 days in timing.

At mean distances the tide forces of Jupiter
and Venus are respectively 2.2330804 and 2.1333
or 34.579% and 33.03% of the eight major
planet total. Bolinger, C. J. (1960) Since Venus’
orbit is approximately circular its tide force is
constant. Jupiter’s orbit has high eccentric-
ity with tide force when in perhelion (helio-
centric long 13.58°) 2.586123 and when in
aphelion, 5.93111 years earlier or later, it is
only 1.9377574.

The mean hemisynodic period of Jupiter and

Venus is 0.3244309388 tropical year or 118.498
days, a little less than four months. Since three
of their alignments (conjunction or opposition)
are completed in 355.4952927 days, or 93 days
less than a tropical year, corresponding phases
recur about 10 days earlier in successive years.
In 37 JV hemisynods, or 12.003944756 years,
Jupiter, Venus, and Earth complete revolutions
(siderial)

Earth 12.0034659
Venus 19.5119467
Jupiter 1.011063

and have recurrent reorientation and realign-
ment. At 59-60 year and 83-84 year intervals
the JVE 12-year recurrence is strengthened by
in phase relation to Saturn, Uranus and Mer-
cury.

Many illustrations of correlation between in-
dex cycles and climatic variation could be given
but detailed explanation will involve very
complex oceanographic and meteorologic pro-
cesses as well as heat balance and the general
and monsoonal circulations of the atmosphere
including solar wind and ionosphere influences.
As illustrations of the relevancy of Sun Tide
Index Cycles to Climatic variation the following
are submitted.

1. The average March precipitation for the
state of Kentucky was positively correlated
with the Global Index in 69% of the years
in the period 1889-1954. And, in the same
period October precipitation was positively
correlated with the October global index in
only 379, of the years. Bollinger, C. J., (1963).

2. Variation of June-July precipitation in the
years 1900-1960 at the continental stations
‘White River, Bismarck, and Edmonton are
shown graphically in Fig. 2. Along with
averages of the May-July Latitude-zone
Clear Sky Insolation Index for 45° N latitude.
The 12-year index cycle is evident with
minima in 1909, 1921, 1933, 1945, and 1956-7.
All three stations had below normal precipi-
tation in 1909, Bismarck in 1921, White
River in 1933, and White River, Bismarck
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Fig. 2. Variation of June—July precipitation at white River, Ontario; Bismarck, North Dakota and

Edmonton, Alberta 1900-1960 as related to the seven planet sun-tide LZI Clear Sky insolation index for
Lat. 45° North.

and Edmonton in 1945. Index maxima index cycle exhibits a secular decrease in

occurred in 1901, 1913, 1925, 1937, 1941,
1948, and 1959. Bismarck and Edmonton
were very wet in 1901, Bismarck and Ed-
monton in 1913, White River and Edmonton
in 1925, All three stations were wet in 1937,
and White River and Bismarck in 1949. The

Tellus XX (1968), 3

amplitude and also phase changes. May indi-
ces were included to allow for lag effects. If
the May data were excluded the index crests
and troughs would be shifted slightly to the
right.
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Tt is concluded:

1. That the orderliness and mechanical stability
of the Solar System is reflected in terrestrial
weather and climate.

2. That the sun tide-solar energy hypothesis
provides a method of exploring the overlapp-

C. J. BOLLINGER

ing twilight zone between astrophysics and
geophysics.

3. That through the development of improved
models it may be possible to evolve a numeri-
cal system of seasonal and longer range cli-
matic forecasting.
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NPUJIUBLL HA COJIHUE: HEUCCHIETOBAHHBI ACTPOHOMUYECKUA MOJ-
XOoO K KIMMATUYECKUM LIMKJAM U TEHAEHITUAM

U3 rennoneHTpUYeCKUX MOJIOMEHMIL U PATUYCOB-
BeKTOPOB OCHOBHBIX mNuaaHeT mjiA 8- uaum 10-
IHEeBHBIX HMHTEpBaJoB 3a mepuop 1855-1980 rr.
Ha MmMammHe BM 650 YHupepcutera OKJIAXOMBI
ObLUIM BEIYMCJIEHBI YMCJOBHIE HMHIEKCHl MHTEH-
CUBHOCTH NOCTYIUPOBAHHHX COJIHEYHHIX IIPUJIH-
BOB M COOTBETCTBYKOIEro BHIXOHA COJHEYHOM
SHEPTUM, U3 KOTOPHX OBIJIM MOJyYeHH raobalb-
HBIl MHIEKC UM B0HAJIbHBIE WHIEKCH MHCOJIALNHI
npu sAcCHOM HeGe [UIA CeBEPHOr0 NOJYINAPHA.
IMonyueHHEle YHCITIOBEIE PALBI IPOABJIAIOT OYeHb
CIIOKHEIE, XOTA N YNOPAMOYEHNA KBA3UNEPHNO-
andeckue Bapuanuu. llukanueckue moBTOpHE-
MOCTH NPOABIAIOTCH B XO0je MHIEKCA HAa MHTep-
pamax 118,56 gHell — cpemHeM MOMYCHHOMH-
yecKkoM mepuoge lOnutepa n BeHeprl, HA nHTEp-
BaJiax 12 jeT, 4To BH3EIBAETCA MOBTOPAHIOLIENHCA
OpMEHTALMeN M pacnoJioxKeHUueM HA OZHOMK Ju-
Huu IOnurepa, Benepsl u 3eMau, U Ha HHTep-

panax 59-60 u 83-84 roma, B KOTOPHIX UrpaioT
POJIb TaKKe W BHeLIHMe 1mJiaHeTsl U Meprypuii.

IMpasnabHoCTh MpeAnoNoMeHNt 06 sHepreTH-
YeCKNX COOTHOLEHUAX, CAEJIAaHHBIX IpPH BHI-
YHCIeHUH Mojesell NHIEKCOB, NMOJATBEPKIAETCAH:
1) noxomuresbHOM Koppensauueit (r =0,88968
co cTaHgapTHo# omubroi 0,07698), BHuUMCIEH-
HOH JAJIA NOCJegHero coJiHedHoro nukma 1954-—
55 rr. MeAy 30HAJIbHHIM MHAEKCOM HMHCOJALMHU
npu sicioM HeGe B Jexabpe-anBape pgaa 45°
C.UIl. ¥ HOPMaJU30BAHHEH WHTEHCHBHOCTHIO
PAaAMOAKTUBHOCTY JJA TeX jKe MecAles, us-
MepaABIeicA HAa r. BamuuarTon Ha BeicoTe 3,7 KM
JlokBygom u Hanmanom; 2) tem darrom, uTo
oCaliKM 3a uOHb—UIIB 1900-1960 rr. B Vaiir
Pusep, Onrapuo, Bucmapre (Cesepnas JlakoTta)
u IamontToHe (HaHama) Takike MMEIOT IOJIOMKH-
TEJIbHYI0 KOPPEJNAIUI0 C CEeMHUIIAHEeTHHIM MH-
IeKCOM 33 Mali—uonb naa 45° c. ul.
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