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ABSTRACT. The analysis of the cross-relation between the time series of the annual mean value of sunspot

number Rz with :

(a) The annual value of the maximum Nile flood for the period (1748-1914),
(b) The annual value of the difference of the old water and maximum Nile flood for the same period

are carried out.

Also. the direct and the cross-correlation between the annual mean value of Rz with the following have

been done :

(a) The annual value of rainfall in mm on Addis Ababa at Ethiopian high lands for the period (1900-1959),
(b) The annual value of the discharge of Albert lake (one of the white Nile sources) for the period

(1904-1957), and

{c) The annual value of the Nile discharge at Aswan (in Egypt) in 10° m?, for the period (1870-1960).

The results indicate that the Jdirect correlation coefficients are weak. But the cross-correlation show

close to the cleven year cycle of the sunspots.
1. Introduction

Earlier investigations have shown that the correlation
between sunspot number and the annual rainfall may be
positive, negative or non-existent, depending on where the
meteorological measurements are mads (Herman and
Goldberg 1978). Other indirect indicators of rainfall
include water lzvel in lakes and river flooding.

The correlation coefficient of the mean annual water
level of the lake Victoria and sunspots number from
1880°s to 1920's is -0.88 (Shaw 1928). This implies an
excess of rainfall at sunspot maximum for the region
of lake Victoria (2.0°8, 32.2°E) in Africa, in agreement
with Clayton's distribution (Clayton 1923), showing
excess rainfall in eguatorial regions. But according
to Bargman er al. (1965), the correlation broke down
around 1930.

Beginning circa 1950, the water I2vel has been negative
correlation with sunspot number (Herman and Goldberg
1978). Also in the equatorial belt is the Nile river,
which flows out of lake Victoria, The mean height of
this river in Egypt for the year 1737-1908, almost two

enturies was analyzed by Clayton (1923) in relation to

sunspot activity. For his first group of data ( 1737-1800),
he found maximum height about 1 year after sunspot
maximum and minimum heights about 1 year before
sunspot minimum.

In the second data set (1825-1908), the maximum river
height lagged sunspot maximum by about 2 years. This
variation again implies greater rainfall in the equatorial
belt in years near solar maximum. A correlation of
1 0.36 was found by Shaw (1928), between Nile
flooding and sunspot number. Brooks (1926, 1949) has
drawn attention to the possible relation of the secular
variation of Nile levels to solar activity.
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Fig. 2. Cross-correlation of difference Nile food and sunspot
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Fig. 3. Time series data

Verner (1927), assuming that Nile level variations are
related to solar activity. Letfus (1986) found that, secular
variations of the river Nile levels, regularly measured from
the 7th to 15th century A. D., clearly correlate with
the solar variations, which suggests evidznce for solar
influence on the climatic changes in the east African
tropics. Hameed (1984) found a periodicity of length
19-year in the Nile flood data, the periodicity is at-
tributed to the lunar tide of 18.6 years, which has been
previously detected in precipitation records from
North and South America, India and China.

Mosalam Shaltout and Tadros (1990) from long time
seriec data of the Nile flood cover the period
from the 5th to 17th century, and by using power spectra
analysis, they found that, there are similarity between the
long term periodicity in the solar activity and the
Nile flood data.

The purpose of this research is to find the degree of the
correlation between the sunspots activity and the level of
the Nile flood. from using direct and cross-correlation
analysis.

Fig. 4. Cross-correlation of R: and Ethiopian rainfall

2. Dat=

2.1. Data of the river Nile floods

Chronical records of yearly obs:rvations ol the Nile
level exist from 622 A. D. Low Nile level were recorded
around 30 June, so called old waier, which represent
approximately the minimum levles of the river through-
out the year and maximum flood values regardless of the
series of the calendar data. The continuous series of
Nile records continuous until 1470 A. D., after which there
are great gaps in the records, and the uninterrupted
series continues again from 1838 A. D.

All records from the beginning to 1921 A. D. were
collected and published by Toussoun (1925), and Sami
(1916).

A detailed analysis of ail accessible data was made
later by Popper (1951). The usced data in the present
work about the river Nile floods are available from
*The Nile Calendar™ by Sami (1916).
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2.2. Dataofthe sunspot nunber R:

The sunspot number for the period (1610-1960)
are published in “The sunspot activity in the years
1610-1960"" by Professor M. Waldmeier, copy right
1961, Swiss Federal observatory, Zurich, Switzerland.

In 1987, Waldmeier’s text has been revised and edited
by John A. Mckinnon and published in new text
of the same *‘Sunspot Numbers : (1610-1985)" as Report
No. UAG-95, from World Data Center A for Solar-
Terrestrial Physics, Boulder, Colorado, USA.

2.3. Theother data
This contain three types of data as follows :

(a) Tha annual values of rainfall in mm on Addis
Ababa at Ethiopian high lands for the period
(1900-1959), from (Griffith 1927).

(b) The annual value of the discharge of the Albert
lake (One of the White Nile sources) for the
period (1904-1957), from (Hurst et al. 1966).

(¢) The annual value of the Nile discharge at Aswan

(in Egypt) in 10° m3, for the period (1870-
1960), from (Hurst et al. 1966).

3. Method of computation

Normalized cross-corcelation analysis Cyy (7)/Cyz (O)
are applied for the sunspot number and Nile flood
fiot_’ l;mg period using the following formula (Markus

974) :

N—T

Cu(M = 7 D KO—=FLIY (D=7
r=1
()
where ,
N is the total number of data points,
T is the lag number (T=0,1,2........ Tm),

Tm is the maximum lag,
X (t)and Y (1) are the observed data to be cross-

correlation, ¥ and y are their average values.

For the direct linear correlation, we used the well-
known formula of the case of two variables X and
Y (Gupta and Ratana 1973) as follows :

L ZXY—SXZYN

[EX2 — (ZXRNTIE [ZY2 — (SYRN]2
(2)

where,

X is deviations or step deviations of X from its
assumed mean,

Y is deviations or step deviations of Y from its
assumed mean

N is number of pairs of values, i. e., number of items
of each variable,

NILE FLOOD 567

4. Results and discussion

The analysis of the cross-correlation between the time
series of the annual mean value of sunspot number
R, with :

(a) The annual value of the maximum Nile flood
for the period (1748-1914).

(b) The annual value of the difference of the old
water and maximum Nile flood for the period
(1748-1914).

The results are shown in Figs. | & 2 for (a) and (b)
respectively. From the figures, we can notice the
following :

(1) The first point (lag=0), indicate correlation
between R, and maximum Nile flood, and with
the difference between the old water and
maximum Nile flood.

(2) There is periodicity of about Il-year or its
multiples in the two figures. It is more
clear in Fig. 1.

The time series of R., rainfall in Ethiopian high lands,
Albert lake discharge, and Nile discharge at Aswan,
can be shown in Fig. 3. From Fig. 3 we can notice
the following :

(1) There is a remarkable similarity between the
time series of R, and the Nile discharge at
Aswan for the period (1870-1916). After
1916 discharge of Nile at Aswan is controlled
by Aswan dam.

(2) There is a remarkable similarity between the time
series of R, and rainfall on Addis Ababa,
can be shown in the following table:

Years of min Years of max Years of max

solar activity  solar activity rainfall
1901 1905 #1906
1913 1917 %1915
1923 1928 #41924-26
1933 1937 *1936
1944 1947 *1948
1954 1957 *1957

For six peaks in the time series of rainfall, we
notice that, four peaks (*) close to the maximum
of R,, while two peaks (*¥) are in the midway
between the maximum and minimum of R..

(3) The time series of Albert lake discharge do not
show a clear similarity with that of R.. It
is possible, due to the storage mechanism of
the lake. Hurst (1955).

The correlation coefficient between the relative sun-
spot number R with :
(a) The rainfall on Addis Ababa is 0.090.
(b) The discharge of Albert lake is 0.219.
(c) The discharge of Nile at Aswan is 0.108,
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5 5. Cross-zarrelation of R- anld

The direct correlation coefficients are weak. But
the cross-corrzlation analysis batw2zn R. and rainfall
on Addis Ababa, dischargs of Albert lake and discharg2
of Nile at Aswan can bz seen in Figs. 4-6 respactivaly.
From these figures, onz can noticz the periodicity of the
elaven year cyclz of th2 solar activity.

5. Conclusion

From our present results and discussion, we confirm
our previous conclusions in an earlier study (Mosalam
Shaltout and Tadros 1990) as follows:

(a) Th_e pzriodicities in the Nile flood are correlated
with the Il-year cycle of solar activity or
its multiplies. '

(b) Solar activity a'T2zts th2 solar constant. Consa-
quzatly, the solar constant changas th2 waather
and climate (or at least forcing the change).
Hzncz, fluctuations in the rainfall of the tropic
regions occur. The oscillations in the Nile flood
is an indirect evidance for the variability of ths
rainfall in ths tropic of East Africa.
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