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by "foldover distortions" in the physical processes

represented by the formulations contained in our recent

theory. The periods of all these oscillations extend

from about 50 days up to over 200,000 years. Additional

oscillations within and outside this periodicity range

are correspondingly generated primarily as a result of

non-linearities in the earth-atmosphere system. Our

analysis agrees quite well with past observations as

well as results of analyses on climatic records from

different locations on the earth and can, therefore, be

useful in attempts to make climatic predictions as

briefly indicated in the text.
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1. INTRODUCTION

The formulations contained in the recent theory of

climatic changes seem to be capable of generating all

hitherto observed climatic periodicities. This theory

shows mathematically that the well-observed quasi-biennial

oscillations(QBO's) are continuously generated as a result

of physical interactions among the incoming solar energy

stream, the earth's spinning motion, and non-linearities

in the earth-atmosphere system(EAS). In this short paper,

we give deeper analysis on these physical interactions

in terms of new details as well as some relevant illustra-

tions. In particular, we provide a step-by-step account

on how QBO's and several other meteorological oscillations

are formed by the interactions stated above. Finally we

show, using some specific examples, that at least some of

the latter oscillations have been used and can still be

used in making some reasonable climatic predictions.

2. DESCRIPTION OF THE THEORY

1 2It has been shown ' that, subject to certain

phase and amplitude adjustments, variations in a

meteorological parameter (eg. air temperature or any related

parameter) at a given location over a period T (> 2 days)

significantly depend on time t and latitude 0, and may

be represented by F (t,0) such that

FT(t,0) = a 1 + -,>
e k = 1

f (t)
K

e D(t,0) +

e D(t,(

k = 1
<W

k =

fk(t)) I e D(t, U

where k time-variable component of solar energy

incident upon the region of the KAS involved,

e = constant component of solar energy incident

upon the region involved,

n = positive integer,

a = coefficient term for n >, 1 , and the form ofn
D(t,#) depends considerably on the latitude

involved.

For 0 - 0, D(t,0) takes the form given in reference (1).

However, for non-zero <t>, D{t,eO takes the mathematical

forms given in reference (2). The right-hand side of

equation (1) is simply a summation of different orders of

expression B(t,0) given as

B(t,0) =

k = 1

e D(t,0) (2)

Now B(t,{9) clearly represents an amplitude-modulated

envelope in which eD(t,0) represents the "carrier signal"

and the "modulating signal" together with the accompanying

"modulation index" are represented collectively by

N

fk(t).

k = 1

As is the case with any amplitude-modulated expression,

B(t,(S) would, in the absence of distortions, have a

spectrum that consists of three main parts, namely:

the (more or less) centrally located spectrum of the

carrier signal eD(t,a>), a lower sideband spectrum (LSS)

at frequencies relatively smaller than those of the

latter, and an upper sideband spectrum (USS) at frequencies

greater than those of eD(t,0).



I t has been shown that the non-zero spectrum of eD(t,<S)

gradually extends towards zero frequency at rates Inversely

proportional to t as t and hence T Increase. This

gradual expansion towards lower frequencies correspondingly

cause expansion or extension of both LSS and USS towards

lower frequencies. Now as soon as the LSS extends down

to zero frequency, the overall spectrum of B(t,<a) and also

that of FT(t,0) would thereafter include "fold-over distortion".

This type of distortion inevitably forms in amplitude

modulated waveforms whenever the modulating frequencies are

nearly equal or greater than the carrier frequencies.

A step-by-stop illustration of fold-over distortion is

shown in Fig. 1. Further details on this type of distortion

may be sought in reference(6).

An analysis of Fig. 1 easily shows that fold-over

distortion in B(t,(S) leads to the following two conclusions.

Firstly, if WQ is an arbitrary frequency in

(t) , variations in eD(t,0) are significantly

k = 1

increased in intensity (by reflected or folded portions

of the LSS) whenever they reach frequency ŵ . I t is on

this basis that quasi-biennial oscillations, for example,

are formed. Secondly, several quasi-stable oscillations

are generated in the EAS as a result of parts of the

LSS folding over onto parts of the USS. In this case, for

and w~ inany two frequencies

N

i V^
- / f. (t), enhanced quasi-stable oscillations are

k = 1
formed at frequencies ^(w.+w ) and %(w..-w_).

In reality, the constituent parts of — f (t) include

k = 1
the following components1'7'8: 27-days solar rotation

variations, seasonal variations, 13-months sunspot variations,

80 - 90 year sunspot variations, and the Hilankovitch cycles

at periods 19000 years, 23000 years, 41000 years and 100000 years.

Therefore, the actual spectrum of B{t,0) would, in the

absence of distortions, incorporate the spectral components

schematically illustrated in Fig. 2, On the basis of the

account given earlier in this section, B(t,0) must undergo

fold-over distortion as t increases since this inevitably

makes the spectrum of eD(t,0) expand towards zero frequency.

We can then easily deduce from Fig. 2 that as B(t,0)

undergoes fold-over distortions, quasi-stable oscillations

will be generated in the EAS at the periods given in

Tables 1 and 2. This automatically implies that the first

order terras in FT(t,0) (see eqn.l) would represent

oscillations at least some of which inevitably have periods

similar to those given in Tables 1 and 2. Physically,

the second and higher nonlinearity order terms on the

right-hand side of equation(1) give rise to variations at

periods less than those shown in Tables 1 * 2 or larger

than those shown in the latter tables or even equal to those

shown in the two tables. For example, the second

nonlinearity order term alone would generate variations at

half of each period in Tables 1 S 2, at twice each period

shown in Tables 1 & 2, and at period obtained from arithmetic

combinations of any two different periods in Tables 1 and 2.

Let us compare results of our analysis with actual

observations. An extensive search through the available

literature shows that periods at least approximately equal

to all those listed in Tables 1 and 2 have been detected
9 — 15in climatic data . According to Table 1, some of the

significant periodicities which we should expect to exist

in meteorological parameters are within the following period

ranges: 50-60 days, 1.8 - 2.4 years, 16 - 20 years and

25 - 33 years. All these periodicity ranges have been

detected in climatic data as already mentioned. What is

more interesting, though, is that periods within these

ranges may apparently be used for climatic prediction

purposes. For example, predictions have been made purely

based upon periods at 18.0 years, 20.0 years as well as

25.1 years, 26.0 years, 27.0 years, 29.5 years and
9

32.4 years detected from earlier climatic data.



Some of these predictions have actually taken place. However,

this should not be too surprising partly because some of the

periodicities in Tables 1 & 2 show up quite clearly and

unambiguously in graphical plots of climatic data. As an

illustration, Figs. 3 and 4 show plots of monthly

rainfall at two different stations in Tanzania. In each of

the plots, a periodic variation (at a period of about 28.5

years) is evident even by the naked eye. This particular

variation has been shown using discontinuous lines. Superimposed

upon the latter are variations at a period of about 11 years

which may themselves be recognised even by the naked eye.

All these visual observations on Figs. 3 and 4 have already

been confirmed through an independent quantitative analysis

whose results will be published in the near future.

3. CONCLUSION

We have explained the inevitable circumstances which

generate fold-over distortions in meteorological processes.

As a result of these distortions, meteorological variations

at those periods given in Tables 1 and 2 are formed in the

EAS. Among the phenomena physically and theoretically

accounted for in the text are the well documented quasi-

biennial oscillations and oscillations at periods of about

22 years. All the periodicities deduced from our theory

(i.e. those in Tables 1 & 2) have already been detected in

climatic data, and some of them have been used to make

successful climatic predictions.
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O t - Table 2: Periods of quasi-stable oscillations (at periods

exceeding 360 years) formed in the EAS due to

fold-over distortions involving individual and

1 "
pairs of spectral components in — )> f... (t) .

e k = 1 K

Periods of these components are given along the

top row as well as along the extreme left-hand

side column of the table.

\ Period of
\ variations
Period of N.
variations N^

19,000 years

23,000 years

41,000 years

100,000 years

19,000

years

38,000 years

20,809 years

218,579 years

25,967 years

70,822 years

31,934 years

46,915 years

23,000

years

20,809 years

218,579 years

46,000 years

29,468 years

104,767 years

37,397 years

59,737 years

41,000

years

25,967 years

70,822 years

29,468 years

104,767 years

82,000 years

58,156 years

138,985 years

100,000

years

31,934 years

46,915 years

37,397 years

59,737 years

58,156 years

138,985 years

200,000 years
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FIGURE CAPTIONS

PIG. 1: Simplified stage-by-staqe illustration of "fold-over

distortion". Part (a) shows the spectra of an

amplitude-modulated waveform in which the carrier

waveform (CW) has a frequency centred at F , the

lower sideband (LS) is centred at frequency F^

and the upper sideband (US) is centred at frequency

F2. As the CW spectrum shifts towards zero

frequency (as shown by the thick arrow), the spectra

for the LS and US also shift correspondingly towards

zero frequency. If subsequently the LS is centred

at zero frequency (as in (b)), the left-hand half of

the LS spectrum is effectively "folded" onto the

right-hand half as illustrated, thus increasing the

amplitude of the latter. In this case, the CW and

US are centred at frequencies F3 and F^, respectively.

As the spectrum of the CW further approaches zero

frequency, stage (c) is reached at which the

spectrum of the LS is wholly folded into the first

quadrant and centred at frequency Fg. The CW and

US are now centred at frequencies F_ and F_,

respectively. At a subsequent stage (d), the

spectrum of the folded LS overlaps onto that of

the CW at frequency Fg thus effectively increasing

the amplitude at this particular frequency as shown.

At this juncture the US is centred at frequency F_.

The ultimate stage is apparently reached when

the CW is centred at or sufficiently close to

aero frequency.

FIG. 2: Schematic illustration of a typical spectrum of

B{t,rt) involving the carrier spectrum C and 10

of its known modulating components. The spectral

components of the lower sideband labelled E, F, A,

G, H, I, J, K, L and M have been formed, respectively,

from modulating interactions between the carrier

waveform and: 27 day solar rotation variations,

10

seasonal variations, 13-months sunspot variations,

11-year sunspot variations, 35 - 40 year sunspot

variations, 80 - 90 year sunspot variations, and

the Hilankovitch cycles at periods 19000 years,

23000 years, 41000 years and 100000 years. Prom

a frequency of about 1 day , the carrier spectral

structure C expands both towards higher

frequencies (see double-headed arrow) mostly due

to non-linearities in the EAS and also towards

lower frequencies (see thick single-headed arrow)

due partly to non-linearities in the EAS but

mostly due to the solar energy sampling process

created by the earth's spinning and revolving

motions.

FIG. 3: A plot of monthly rainfall at Dodoma (6° 10'S,

35° 46'E) from 1943 up to 1985 (solid line).

The monthly rainfall patterns are visibly

amplitude modulated by an oscillation at a

period of about 28.5 years (indicated by the

discontinuous line). This particular oscillation

appears to be one among other modulating

processes.

FIG. 4: A plot of monthly rainfall at Tukuyu (0° 15' S,

33° 38'E) from 1943 up to 1985 {solid line).

The monthly rainfall patterns are visibly

amplitude modulated by an oscillation at a

period of about 28.5 years (indicated by the

discontinuous line). This particular oscillation

appears to be one among other modulating processes.

11
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