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ABSTRACT

According to the author's theory of climatic change [Nuovo Cimento C, 12, 597-611
(1989)], heat energy or temperature variations at any location on the earth may be expressed as a
power series of some specific functions. These functions represent amplitude modulation processes
in which the complex carrier signals arc generated by interactions between the earth and its spinning
motion on one hand and the constant component of extraterrestrial insolation on the other hand,
while the modulating signals are formed by the variable components of extraterrestrial insolation.
It is shown here that the latitudinal variation of the modulation indices involved in the above-
mentioned processes leads to the establishment and maintenance of atmospheric stability along the
intertropical as well as polar high pressure belts. Besides, a high level of atmospheric instability
is permanently enforced along the subpolar low pressure belts. All the modulation indices attain
minimum values along the equatorial low pressure belt and maximum values along the subpolar
low pressure belts. Our analysis reflects and explains quite well the salient characteristics of the
general circulation system already deduced from observations.



1. INTRODUCTION

Standard meteorology textbooks (for example [l]-[4]) commonly give the following ex-
planations in accounting for the existence of the pressure belts which are part and parcel of the
general atmospheric circulation system. Firstly the equatorial low pressure belt owes its existence
to the maximum insolation existing therein. Secondly the existence of the subtropical high pres-
sure belts results from a pile-up and descent of poleward moving air (along the poleward arms
of the Hadley cells) after being increasingly deflected eastwards by the earth's rotational motion.
Another justification given for the existence of the subtropical high pressure belts is the necessity
for having a high pressure zone at about 30° latitude in each hemisphere in order to separate ap-
proximately equal zones of practically proven westerlies and easterly winds. Thirdly the subpolar
low pressure belts exist because the westerlies and polar easterlies meet to form a convergent zone
in each hemisphere. Finally the polar high pressure zones or belts result from polar inflow of air
aloft from wanner latitudes due to the shrinkage of air at the polar regions resulting from the cold
conditions. Obviously each of these explanations has to ensure conservation of momentum in the
earth-atmosphere system.

In this paper, we describe new alternative processes wnich account satisfactorily for the
existence and maintenance of the pressure belts mentioned above together with the associated wind
systems. These processes and their implications do not contradict but rather supplement the now
well known explanations given above.

2. ANALYSIS AND DISCUSSION

Let F(t,<f>) represent the heat energy in an arbitrary location (at latitude 4>) along the
Earth's surface together with the atmosphere above it over a period of time t extending from t = 0
up to t - T. Implicitly, the energy represented by F{ t, <f>) is coupled at t = 0 onto Whatever energy
that existed over the location involved just before t = 0. It has been shown in references [5] to [9]
that F(t,<f>) may be expressed as follows

F(t,<i>) = aiB(t,<j>) + a2[B(t,<f>)f + a3[B(t,<j>)]3 + . . . (1)

where a* = constant parameter for a fixed value of k and

a

where a is the constant component of extraterrestrial solar energy over the location involved,
/*( t, <f>) is the kth variable component of extraterrestrial solar energy over the location involved, N
is an integer number, and Dr(t, <f>) is a complex function (dependent on t, <f> and T) whose details
are given in Refs.[5] to [9].



Clearly B(t, <f>) represents an amplitude modulation process such that otDrit, <f>) repre-
sents the carrier signal and representation of the modulating signal is incorporated in ~ Ylk-i fk (t, <f>) - |

If bk and u^ represent the amplitude and frequency of fk(t,4>), respectively, then the
mean modulation index Mn due to the modulating signal represented by fn(t, <j>) alone is given as

Mn = ZTi—vHTT ( 2 )

€ 11 - l^t 6*1
where € depends upon the amplitudes, periods and corresponding phases of the other variable
components apart from fn(t,<f>). Note that if € > 0 the carrier signal is increased, if £ < 0 the
carried signal is decreased, and if € = 0 the carrier signal remains unchanged. In Eq.(2) each
subscripted b is given as a fraction of the maximum value of extraterrestrial solar energy.

One of the most significant among the modulating components is the seasonal signal
which we represent here by S(t, 4>)- The latter may be expressed as follows [10]:

S(t,d>) = C (— ) [sin 6 sin B + cos 6cos it] (3)
\R/

where

C = the solar constant,

r = mean distance of the earth from the Sun,

R = instantaneous distance of the earth from the Sun,

P - solar declination at the location involved, and

ip = hour angle, i.e. the difference between the meridian at the particular time of day and
the meridian at noon.

The other modulating components are contributed by the 27-day equatorial solar rotation
cycle, the 11-year solar cycle, the 35-40 year sunspot cycle, the 80-year sunspot cycle, the ~ 180-
year sunspot cycle, Milankovitch cycles, etcetera. Before proceeding further, it would be useful
to compare the amplitudes of the different modulating components. Satellite observations have
confirmed that solar irradiance varies by about ±0.1 % over each of the following cycles [11],[ 12]:
11-year solar cycle, 80-year sunspot cycle, and 27-day equatorial solar rotation cycle. At the present
ellipticity of the Earth's orbit, solar irradiance undergoes an annual variation of ±3 .5%, being
greatest on 2-3 January and smallest on 5-6 July [13]. This annual variation is what is added onto
the "normal" seasonal cycle as a result of departure of the Earth's orbit from a perfectly circular
shape. Among the Milankovitch cycles, the 100,000-year eccentricity cycle is most dominant in
geological records. This particular cycle gives rise to changes of about 0.1% in solar irradiance
[14].

According to Eq.(3), the seasonal variation amplitude of S(t, 4>) is minimum along the
equator. This amplitude increases with latitude to a maximum value at 4> & 68 ^° and then de-
creases as <f> increases above ~ 68 j° due to the seasonal clipping of S(t,<j>) which starts at



$ K, 68 yc and intensifies poleward to a maximum at the poles. Now let the modulation index
due to the seasonal modulating cycle be denoted by Ma. If fea denotes the amplitude of the latter
cycle, then it is obvious from Eq.(2) that Ma & 1, if bt w 0 .5 . But on the basis of Eq.(3), the
condition b, fa 0.5 is satisfied only at latitudes 30°-40° as well as 70^-90° north and south of the
equator. Since bB is much larger than any amplitude of the other modulating signals, it follows that
wherever Mt « l,F(tt(j>) fa 0 during and close to the ebb phase (i.e. in winter) of the seasonal
cycle. The condition F(t, 4>) &0 physically implies thermal as well as mechanical stabilization of
the atmosphere along the areas involved. This atmospheric stability, which leads to the setting up
of high atmospheric pressure, expectedly maximises in winter. It is expected that during summer
(when F(t, <f>) is farthest away from zero), the atmospheric stability and its associated high pres-
sure will weaken, but owing to the large inertia of the system and the lengths of the characteristic
time scales [IS] of the associated wind regimes, the high pressure set up during one winter may be
(at least weakly) conveyed across the following summer to the next winter by inertia. How does
this analysis compare with actual observations? Firstly the latitudes at which Ma fw 1 coincide
with the subtropical and polar high pressure belts which are characterized by somewhat perma-
nent high pressure [16]. Secondly both the pressure along the subpolar high pressure belts and the
mid-latitude westerlies are stronger during the winter season than during any of the other seasons
[16],[17] as implied by our analysis.

From Eq.(2) it is clear that the modulation indices of all the modulating components attain
minimum values along the equator where the dominating seasonal amplitude reaches a minimum
value. Physically this means that the intense solar heating at the equator continues with relatively
minimum amplitude interruptions. Such intense and minimally disturbed heating leads to the for-
mation of the Equatorial low pressure belt as mentioned in Seal of this paper. It is interesting
to note, however, that all the modulation indices of the modulating components attain maximum
values at 4> m 68 j°, which is within the subpolar low pressure belts [16]. Maximisation of the
modulation indices along the latter belts physically implies maximization of atmospheric dynam-
ics or variability along these belts. In fact, observations have shown that atmospheric variability is
greatest between latitudes 40° and 70° north and south of the equator [18]. It can, therefore, be con-
cluded that the subpolar low pressure belts exist because of dynamic processes as acknowledged
in the literature [4].

So far we have used latitudinal variations of the modulation indices associated with Eq.( 1)
to explain the existence and continuation of the global atmospheric pressure belts. Since the global
wind systems are essential outcomes of these pressure belts [4],[19], it is implicit that the latitudi-
nal variations of the modulation indices mentioned above do have significant influence upon the
global wind systems. It is well known [19] that apart from the earth's rotation, the main factors
which influence ocean currents are prevailing winds and changes in ocean water density due to dif-
ferential solar heating (e.g. see Eq.(l)) as well as salinity. This implies that latitudinal changes in
the modulation indices associated with Eq.(l) possibly have some significant influence upon ocean
currents.
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On the basis of the preceding analysis, we can easily deduce the influence of the Mi-
lankovitch cycles upon the global pressure belts and hence the associated global wind systems.
Obviously since the 100,000-year eccentricity cycle significantly varies the amplitude of the sea-
sonal cycle, the former cycle also influences latitudinal locations and intensity of the global pres-
sure belts. Thus an increase in eccentricity shifts (or extends) the global pressure belts towards
the equator. The shift is accompanied by changes in pressure intensity within the belts that are
approximately symmetrical about the equator. Of course, a decrease in eccentricity gives rise to
relatively opposite effects. Both the 41,000-year obliquity of the ecliptic cycle and the 22,000-year
precession of the equinoxes cycle have significant influence upon Eq. (1). On this basis, an increase
in the obliquity of the ecliptic shifts (or extends) the global pressure belts northwards in a fairly
uniform manner and without changes in pressure intensity. On the other hand, a decrease in the
obliquity would result in a southward shift (or extension) of the pressure belts. The precession of
the equinoxes correspondingly causes (nonlinear) latitudinal shifts in the pressure belts. This shift
is accompanied by changes in pressure intensity that are asymmetrical about the equator. Looking
at all these influences due to the Milankovitch cycles, one gets the impression that the major deserts
(which mostly coincide with the global high pressure belts) would over long periods not only shift
latitudinally but they would also expand and contract. Quite consistent with this impression, past
records have clearly shown [20] that, over thousands of years, the major desert areas shrink and
expand in addition to performing latitudinal shifts.

3. CONCLUSION

We have shown that the existence and continuation of the global pressure belts (and hence
the associated wind patterns) may be explained on the basis of variations in the modulation indices
associated with Eq.(l). Subsequently we have deduced the expected influence of the Milankovitch
cycles upon the global pressure belts. As indicated in the text, our analysis generally agrees quite
well with previous observations of one or more aspects of the general circulation system.
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