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We describe two new methods by which rainfall and hence

meteorological droughts at any location on the earth may be

predicted. The first method is based upon well supported

observations that rainfall distribution at a given location

during any local sunspot-related temperature/heat cycle is

approximately similar to the distribution during another

cycle associated with approximately similar sunspot cycle

provided that the two temperature/heat cycles involved are

immediately preceded by approximately similar sunspot cycles.

The second method is based upon the fact that rainfall belts

or patterns seem to be closely related to certain spatial

and time-dependent temperature/heat patterns in the earth-

atmosphere system. Reasonable predictions of these

temperature/heat patterns may be made, and hence the

associated rainfall patterns or belts may correspondingly

be predicted. Specific examples are given to illustrate

the two prediction methods.
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1. INTRODUCTION

Two different methods were described in parts I

and II of this series ' which can be used to make predictions

upon meteorological parameters. For parameters that are

continuous in time (eg. air temperature), these two methods

can be used to predict variations that are continuous in

time. However, for parameters that are discontinuous in

time (eg. rainfall), the two methods can be used only to

predict variations in the maximum monthly values per year

of the meteorological parameter involved. The prediction

limitation imposed in the latter case implies, for example,

that predictions of annual rainfall can only be attained

indirectly through definite correlations between annual

rainfall and highest monthly rainfall per year. This

limitation is somehow inevitable because rainfall prediction

made using any of the methods described in Parts I and II

of this series is partly based on existing correlation

between amplitude-modulation phases of the (predictable)

air/surface temperature and the locus of the yearly

highest peaks in the corresponding plot of monthly rainfall.

In this paper we present two new methods by which rainfall

predictions may be made without the limitation mentioned

above. Thus each of the new methods, which are detailed

in the next section, can be used to predict annual rainfall

and hence meteorological droughts directly.

2. PREDICTION METHODS

2,1 METHOD ONE

It had been realised several years ago that the

principal consequence of an increase in solar radiation

would be an increase in evaporation, cloudiness, and

precipitation, with intensification of the atmospheric
4

circulation . Support for this, with respect to preci-

pitation, is given by Coulson who reports evidence

from weather records of St. Louis that a variation of

0.O5 to 0.21% in the solar constant produces changes of

5 to 25* in the amount of precipitation.

Solar radiation changes over a sunspot cycle, the magnitude

of the changes depending upon the corresponding level of

solar activity. As has been theoretically shown and then

verified from actual records , for each sunspot cycle, there

is an amplitude modulating cycle in temperature records.

We shall hereinafter refer to the latter cycle as "data-

derived amplitude-modulating cycle" or simply DAC. The

period of the latter may be equal or less than that of

the associated sunspot cycle. As an illustration, Fig. 1

shows three DAC's for Tabora (5° 5' S, 32° 50' K) which are

associated with solar (or sunspot) cycles 19, 20 and 21.

It appears that the influence upon a given station of

solar activity during a certain sunspot cycle is predomi-

nantly confined to within the duration of the associated DAC.

On the basis of the preceding account, we may assume

that the total rainfall R at a given location over one

DAC is directly proportional to the overall solar activity

S over the associated sunspot cycle. Sunspots constitute

potentials of solar activity which are released by solar

erruptions. Indeed, magnitudes of solar activity may be

based upon corresponding sunspot number7. If we assume

that S is proportional to the area A under the corresponding

"sunspot number versus time" curve, then R may be expressed

as follows:

R = aA + b (1)

where both b and a are constants for the particular location

involved. We have tested and ascertained the validity of

equation (1) as follows. Sunspot records taken before

1952 as well as corresponding meteorological records

for a number of stations in Tanzania were used to evaluate

the two constant parameters (ie. b and a) in equation (1)

for each station involved. Then the resultant form of

equation (1) for each station was used to calculate the



total rainfall expected during DAC's associated with solar

cycles 19, 20 and 21. The rainfall values so calculated

were finally compared with actually recorded rainfall values

over the respective DAC's. I t is interesting to note that

a good agreement generally emerged between the calculated

and observed rainfall values. This is typically i l lustrated

by Table 1 which shows calculated and measured rainfall at

Tabora over DAC's corresponding to solar cycles 19, 20 and

21. On the basis of pre-1952 records, the two constant

parameters in equation (1) were evaluated for Tabora as

follows: a = 11.6 and b = -520.6.

Table 1: Values of rainfall R over Tabora during the three

DAC's associated with solar cycles 19, 20 and 21

calculated on the basis of equation (1). These

calculated values are written beside the amounts

of rainfall correspondingly recorded over the

same station.

SUNSPOT

Cycle

Cycle

Cycle

CYCLE

19

20

2 1

DURATION OF CORRESPONDING

DAC

July 1952 to

July 1964 to
19 72

January 19 7 3

June 1964

December

to June 19 84

Calculated
r a i n f a l l R
(in mm)
during
correspo-
nding DAC

1 1 , 4 2 7 . 4

6,549 .6

9 , 3 39 . 4

Measured
rainfall
R ( i n mm)
during
correspo-
nding DAC

1 1 , 3 4 1 . 0

6 , 4 5 7 . 3

9 , 3 6 4 . 1

Since we can forecast solar cycles on decadal time-
o q

scales using the precursor or dynamo methods ' , equation (1)
may be used for predictions up to at least a decade in advance.

However, it is possible to go into further prediction details

hy exploiting the account given earlier in this section more

than we have done so far. The available sunspot and meteoro-

logical records clearly show that it is possible to find,

for a given station, two DAC's which are said to be "matched"

in the sense that they are associated with approximately

identical solar activity cycles and also they are immediately

preceded by identical solar activity cycles. As mentioned

earlier, solar activity in this case is determined in terms of

sunspot numbers . On the basis of the account given earlier in

this section, we assume that the time-dependent rainfall

distribution at any location during a given DAC is fairly

identical to the rainfall distribution at the same location

during any other DAC provided that the two DAC's are matched.

We have tested the validity of this assumption using

meteorological records from several East African stations

and finally concluded that the assumption is generally valid

and hence worth using. As a representative example. Fig. 2 shows

that the rainfall distribution at Tabora during the DAC

associated with solar cycle 18 is in fair agreement with the

rainfall distribution at the same station during the DAC

associated with solar cycle 21. These two DAC's are "matched"

according to the definition given earlier in this section.

It is noted that the two curves shown in Fig. 2 agree with

each other to at least 66%.

We can conclude, from the preceding analysis, that the

predicted rainfall distribution at a given location

during some future DAC may be taken as approximately equal

to the rainfall distribution which took place at the same

location during a past DAC which is matched to the former one.



Obviously incorporated into such a prediction method is

the assumption that the heat-influencing characteristics of

the portion of the earth-atmosphere system at and close to the

location involved were fairly similar during the two DAC's

considered. In implementing this prediction method, however,

we need to observe the following precaution. Let us suppose

that the future DAC includes a sunspot maximum at time

Tf from i ts starting point and that the past DAC included

a sunspot maximum at time T from i ts starting point. If

T ig not, at least approximately, equal to Tf, then any

quasi-biennial oscillations in the part of the past DAC

corresponding to at least about 0.70 7 of the largest

sunspot number should be transferred to the part of the

future DAC corresponding to at least about 0.70 7 of the

largest sunspot number. It has come to our observational

notice that some reasonable agreement s t i l l exists between

the rainfall distributions associated with two matched DAC's

even during the few years following the end points of the

DAC's. This certainly implies that the predictions which

are made to correspond to a future DAC may possibly be

extrapolated for some years after the end of the particular

DAC.

We have used the technique outlined in the preceding

paragraph to make some rainfall predictions in Tanzania.

These predictions which are based on the seemingly matched

DAC's associated with solar cycles 19 and 22, are typically

illustrated in Figs. 3 and 4 in the case of two stations

Tabora (5° 5' S, 32° 50" E) and Dodoma (6° 10" S, 35° 46' E),

respectively. The predicted annual rainfall values extend

up to the year 2000 while the correspondingly measured

annual rainfall values are known only up to the year 1989.

An agreement of at least 75% between predicted and measured

annual rainfall is displayed so far in Fig. 3 while Fig. 4

displays (so far) an agreement of at least 84% between

predicted and recorded annual rainfall.

The reasonable agreement reached so far between recorded

annual rainfall and corresponding annual rainfall predicted

on the basis of the prediction method described in this

section clearly shows that the latter method is a useful tool

for making reasonable annual rainfall predictions and

also for pinpointing in advance periods likely to have

meteorological droughts.

10
2.2 METHOD TWO

I t has been shown in a recent pape r i u t h a t the

non—polar earth—atmosphere system contains zonally moving

temperature/heat cycles that are associated with solar

activity. Since in reference (10) these cycles are referred

to as "data-derived solar cycles" or simply DSC's, we shall

adopt the latter nomenclature in this paper hereinafter.

Involving details about the (spatial and time-dependent) DSC's

will not be given in this paper as they are available in

reference (10).

With their associated theory and causative physical

processes already well known ' ' , DSC's can easily be

predicted. The zonal drifts of DSC's are such that the

positions of their crests and troughs can be determined

with time. For example, the longitudinal structures of

the DAC's across Tanzania during the years 1988 and 1989

are shown in Fig. 5. I t can be deduced from the latter

figure that the zonal drift of the DAC's across Tanzania

during 19 88 and 19 89 averaged at about 5.5 degrees of

longitude per year, quite consistent with earlier results 10

It would be interesting to look at some of the physical

processes that accompany the passage of the crest or trough

of a DAC across a given station. According to Fig. 5,

part of the crest of a DAC moved eastwards across

Dar es Salaam (6° 53' S, 39° 12'E) in such a way that the

portion of the DAC at Dar es Salaam gradually shifted from

close to a crest peak in early 1988 down to near a trough

in late 1989.



Corresponding to these changes, we would expect the following

processes to take place. Firstly the daily minimum temperature

(which occurs at night-time) at Dar es Salaam should gradually

decrease from early 1988 down to at least the end of 1989.

This is what actually happened as illustrated by the continuous

air temperature plot for Dar es Salaam shown in Fig. 6.

Secondly the daily maximum air temperature and especially

the daily mean air temperature would display a downward trend

from the beginning of 19 88 up to at least about the end of

19 89. Again this is generally what happened as shown in

Fig.7. Finally variations in monthly mean maximum air

temperature as well as monthly mean 15.00 local time (LT) air

temperature at Dar es Salaam would be expected to display

either a drift towards a node (if they are in amplitude-

modulation mode) or a general downward drift (if they are

not in conventional amplitude-modulation mode) from the

beginning of 1988 to the end of 1989 and beyond. Fig. 8

shows that the temperature variations were in the latter

mode between 19 85 up to and including 19 89, and that they

display a downward trend from the beginning of 1988 up to the

end of 19 89 as expected. The temperature changes obviously

associated with DAC's expectedly cause zonal temperature/heat

structures. Now since warm areas generally have low pressure

and relatively cooler areas have higher pressure the

latter structures set up pressure-gradient forces and

accelerations which ultimately generate corresponding changes

in the general circulation system and hence in rainfall.

Especially particular to the tropics is the fact that

regions of heavy precipitation are characterised by

temperatures slightly higher than their surroundings throughout

most of the depth of the trocosphere. It is worth while

noting here that DAC's are effective throughout the depth of the

troposphere as evident in reference (10).

On the basis of the account given above, we set out

to find out whether (local) annual rainfall patterns are

associated with DAC's. Expectedly, we found that definite

correlation exists between zonal annual rainfall patterns

and the corresponding zonal structures of DAC's as long as

there is no overmodulation distortions in the associated

temperature variations. This is typically illustrated in

Fig. 9. Note that the point marked X which corresponds

to the station labelled C in the latter figure has been

grossly influenced by overmodulation distortions in the

local temperature variations and hence its considerable

departure from the lower curve in Fig. 9 (shown in a

discontinuous line) is expected. Techniques already exist

by which overmodulation distortions in temperature/heat

variations may be predicted. Therefore, spatial and time-

dependent rainfall patterns may be predicted through the

following two steps. Firstly spatial and time-dependent

predictions of DAC's along the region involved and over the

desired period are made on the basis of existing

techniques ' ' . Secondly these predictions are

translated into corresponding rainfall patterns using

existing correlations between the latter and DAC's.

As implied earlier, rainfall predictions arrived at in

this way should be corrected for possible influences

due to overmodulation distortions in the corresponding

temperature variations. This point is further elaborated

in the next paragraph.

We may shed more light on some of the points mentioned

in the preceding paragraph by illustrating how annual

rainfall at a given station typically varies with local

amplitude of DAC's. Fig. 10 shows a plot of relative

variations of the amplitude of undistorted DAC's at Tabora

(5° 5" S, 32° 50" E) from 1954 up to 1989 (solid line)

together with distortions caused by local temperature/

heat overmodulation (discontinuous lines) . The influence of

this overmodulation has been represented in Fig. 10 in

termg of the amplitude deviation (or distortion) it



expectedly exerted upon the otherwise undisturbed DAC's.

Also plotted in Fig. 10 is corresponding annual rainfall,

which is indicated for each year by a heavy dot. To a

fair approximation, the annual rainfall variations

represented in Fig. 10 seem to follow the effective

amplitude variations of the DAC's from 1960 onwards.

However, the rainfall variations from ~ 1964 to 1959 do not

follow the corresponding amplitude variations of the

DAC apparently due to the influence of the substantial

temperature/heat overmodulation centred at around 196 3

(see also Fig. 1). Indeed, this mismatch is expected

because whenever substantial temperature/heat overmodulation

is mostly confined to a portion of a single (local) DAC,

then compliance with equation (1) would require substantial

decrease in the rainfall pattern during the remaining

portion of the DAC since the rainfall pattern coinciding

with the overmodulation distortion is substantially

increased. It is worthwhile bearing in mind that signifi-

cant influence on rainfall by substantial temperature/heat

overmodulation at a given place is felt not only at the

particular place involved but also at nearby locations.

For example, Kigoma (4° 53" S, 29° 38' E) is a station

(not very far away from Tabora) which has not experienced

temperature/heat overmodulation since 1950. As shown in

Fig. 11, the annual rainfall variations at this station

seem to follow the corresponding amplitude variations of

local DAC's except during much of the 1960's when

temperature/heat overmodulation took place at Tabora.

Our climatic records show that temperature/heat over-

modulation takes place at Tabora during the ending portion

of any DAC whose corresponding sunspot cycle has maximum

sunspot number exceeding ~ 120. On this basis, we should

expect occurrence of temperature/heat overmodulation

and hence increased rainfall at Tabora around the year

1996/97. Indeed this prediction is in agreement with the

previous prediction shown in Fig. 3 which has been made

using a different method.

3. CONCLUSION

We have described two new methods by which annual

rainfall patterns and hence meteorological droughts may be

predicted. These two methods have been detailed separately

in sections 2.1 and 2.2. Besides, we have introduced a

simple equation (ie. eqn. (1)) which can be used to predict

the total amount of rainfall that will take place at a'

given location during any DAC.

The validity of eqn. (1) as well as the two prediction

methods has been ascertained through actual tests as

detailed in the text.
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FIGURE CAPTIONS

FIG. 1: A plot of monthly mean 15.00 local time (LT) air

temperature at Tabora (5° 51 S, 32° 50' K) from

1952 up to 1989 (solid line). The latter is

amplitude modulated to form a major modulated

envelope whose boundaries are indicated using

discontinuous lines. Locations of sunspot minima

are shown by arrow-headed lines. Note that the

rapid temperature changes which took place in 196 3

and 19 85 are due to overmodulation distortions.

FIG. 2: A plot of annual rainfall for Tabora (5° 5' S,

32° 50' E) during (a) the DAC extending from

1940 to 1950 (discontinuous line) and (b) the

DAC extending from 1974 to 1984 (solid line).

The two DAC's are approximately "matched" to

each other.

FIG. 3: A plot of predicted annual rainfall for Tabora

(5° 5' S, 32° 50' E) from 1985 to 2000 (solid line)

and recorded annual rainfall for the same station

from 1985 to 1989 (discontinuous line).

FIG. 4: A plot of predicted annual rainfall for Dodoma

(6° 10" S, 35° 46' E) from 1985 to 2000 (solid

line) and recorded annual rainfall for the same

station from 1985 to 1989 (discontinous line).

FIG. 5: A plot of amplitude versus longitudinal position

of DAC in Tanzania in 1988 (solid line) and

1989 (discontinuous line), The letters K, B, T,

M, MO, D, A, HO and DA represent scaled relative

longitudinal positions of the following stations,

respectively: Kigoma (4° 53' S, 29° 38' E), Bukoba

31° 49' E), Tabora (5° 5" S, 32° 50'(1° 20' S,

Mbeya (8° 56' S, 33° 28' E), Musoma (1° 30'

E)

33° 48' E), Dodoma (6 10" E, 35 46' E),



Arusha (3° 22' S, 36° 381 E), Morogoro (6° 511 S,

37° 40' E) and Dar es Salaam (6° 53' S, 39° 12' E).

FIG. 6: Continuously recorded (screen) air temperature at

Dar es Salaam {6 53' S, 39

1988 up to 31 March 1990.

12' E) from 1 January

Also plotted for each station is the percentage

deviation m from the 19 70 - 19 85 annual rain-

fall mean of (a) the 19 80 annual rainfall (indicated

by symbol •) and (b) the 1985 annual rainfall

(indicated by symbol X).

FIG.

FIG.

7: A plot of daily maximum (screen) air temperature

(upper curve) and daily mean (screen) air

temperature at Dar es Salaam (lower curve)

from 1 January 19 88 up to 31 March 1990.

8: A plot of (a) monthly mean daily maximum air

temperature at Dar es Salaam (6° 53' S, 39° 12' E)

from 1960 up to 1989 (upper plot, solid line) and

(b) monthly mean 15.00 local time (LT) air

temperature for the same station and during the

same period (lower plot, solid line). Discontinuous

lines are used to show the modulated envelopes

formed as a result of amplitude modulations on the

solid lines in both (a) and (b). Locations of

sunspot minima are indicated by arrow-headed lines .

FIG. 10: A plot of relative amplitude variations of the

undistorted portions of DAC's (solid line) as well

as portions of DAC's distorted by temperature/heat

overmodulation (discontinuous line) at Tabora

(5° 5' S, 32° 50' E) from 1954 up to 1989. Heavy

dots are used to represent corresponding annual

rainfall variations.

FIG. 11: A plot of relative amplitude variations of DAC's

at Kigoma (4° 53' S, 29° 38' E) from 1961 up to

1979 (solid line) . Heavy dots are used to represent

corresponding rainfall variations.

FIG. 9: A plot of amplitude versus longitudinal position

of DAC in Tanzania in 1980 (solid line) and 1985

(discontinuous l ine) . The alphabetical let ters A

to L along the horizontal axis represent scaled

relative longitudinal positions of the following

stations, respectively: Kigoma (4 53' S,

29° 38" E), Sumbawanga (7° 35" S, 31° 36' E),

Tabora (5 5' S,

34° 4V E), Songea (10° 41'

Dodoma (6° 10' S, 35° 46'

3f,° 43' E) , Lyamungu (3° 14'

32° 50' E), Singida (4° 48' S,

S, 35° 35' E)) ,

E) , Mahenge (8° 41' S,

S, 37° O° E),

S, 37° 40" E), Lushoto (4° 47'Morogoro (6 51'

38° 17' E), Amani (5° 6' S, 38° 38' E) and

Dar es Salaam (6° 53' S, 39° 12' E).
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