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ABSTRACT. Trends and periodicities in the annual rainfall of north Africa are studied using data for 45 stations
having record lengths of over 60 year. Increasing or decreasing rainfall tendencies are found over large continuous areas
in north Africa. These trends, however, are not significant over all the stations in the areas but only at a few places
distributed at random. Wherever a trend is significant, It has persistence or a periodicity of more than 40 year. Quasi-
Biennial Oscillation (QBO) is exhibited at several stations in the areas of increasing or decreasing trend. Similarly, the
11-year cycle (solar cycle) is also exhibited in both areas. The QBO and the solar cycle are both present at only six

stations.
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1. Introduction

With the rapid growth of the human population and
strained resources, particularly food production and water
supply for people, agriculture and industry, the study of
variations, trends and fluctuations of rainfall over a region
is of utmost importance.

Much work has been done in various countries on
trends and fluctuation of rainfall and temperature, notably
by Reynolds (1953), Kraus (1960), Willett (1950),
Callender (1961) and Maheras (1985), Nicholson (1979;
1980; 1993) and Hulme (1992) studied African rainfall
fluctuations of the last decade.

Bunting et al. (1976) on studying rainfall trends in
the west African Sahel have made statistical analysis of
long-term rainfall records from the region. No established
trends or periodicities can be detected, and the recent
succession of drought years falls within statistical
expectation. It has been concluded that sahelian rainfall
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is not clearly linked to the frequency of westerly weather
over Britain. Ogallo (1979) on his study on rainfall
variability in Africa, time series of annual rainfall for 69
stations in Africa were analyzed for trends and
periodicities. He concluded the following points:

(a) Most of the annual rainfall series examined indicated
generally an oscillatory characteristic without
significant trend.  Positive or negative trends
observed from the smoothed graphs in the recent
years were declared insignificant by a statistical test
except in four stations. The four series indicated
increasing rainfall tendency in the recent years.
However, it was noted that the stations indicating
significant trends were near those indicating no
significant trends and their spatial distribution
formed no particular pattern. This made it difficult
to give climatological explanation for the observed
trends in the annual rainfall series; hence no attempt
was made to examine the general circulation
parameters on which rainfall greatly depends. Itis
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TABLE 1

The stations used in the study of the behavior of rainfall over North Africa

Name of the station Latitude Longitude Altitude Period of data
(°N) (°E) (meter) (year)

Alexandria 31 12 29 53 032 1882-1994

Agedabia 30 43 20 10 006 1924-1994

Aziza a2 33 13 20 145 1934-1994

Benina 32 05 20 16 132 1934-1994

Biskra 34 48 05 44 088 1922-1994

Cairo 30 05 3117 026 1887-1994

Casablanca 33 34 07 40 W . 1922-1994

Damitta 31 31 31 51 002 1913-1994

Damanhur 31 02 30 28 007 1904-1994

Demna 32 24 22 43 025 1925-1994

Dar El-Beida 36 43 03 15 023 1894-1994

El-Adem 31 51 23 55 157 1935-1994

El-Assa 32 45 11 40 - 1926-1994

El-Agilate 32 30 12 25 - 1927-1994

El-Karyate 30 23 12 35 500 1928-1994

El-Zahraa 32 30 13 30 - 1936-1994

El-Bidaa 32 38 21 30 - 1932-1994

El-Golea 30 34 02 52 398 1922-1994

Fayum 29 18 30 51 030 1910-1994

Giza 31 13 30 03 019 1902-1994

Ghadames 30 08 09 30 357 1931-1994

Galo 29 02 21 34 059 1934-1994

Gabes 33 53 10 06 005 1951-1994

Hon 29 08 15 57 261 1931-1994

Kufra 24 13 23 I8 382 1933-1994

Mersa Matruh 27 13 31 20 003 1905-1994

Mansura 31 03 31 23 007 1910-1994

Misurata 32 19 15 03 032 1931-1994

Marrakech 31 37 09 34 W 462 1919-1994

Nalut 31 52 10 59 621 1931-1994

Oran 35 37 00 36 W 090 1922-1994

Port Said 32 14 3117 001 1886-1994

Rosetta 31 24 30 25 003 1913-1994

Rakdalen 32 50 12 00 : 1923-1994

Subrata 32 30 12 25 - 1935-1994

Shahat 32 49 21 31 0625 1931-1994

Sidi barrani 31 38 25 53 023 1910-1994

Salum 31 33 25 11 006 1917-1994

Suez 29 52 32 28 003 1886-1994

Sirt 31 12 16 35 013 1933-1994

Sebha 27 01 14 26 433 1931-1994

Tunis 36 50 10 14 075 1887-1994

Tripoli Air port 32 41 13 10 080 1929-1994

Zagazig 30 35 31 30 013 1926-1994

Zuara 32 55 12 05 025 1931-1994s
possible for such trends to arise from some factors, certain parts of Africa. (Rodhe and Virji, 1976;
but there is a feeling that the positive trends in the Tyson et al., 1975; Landsberge, 1975).
recent years are part of long period oscillations,
which could not be determined due to the limited The problem of trends and periodicity in north Africa
data available. An overall impression is that rainfall climate has always attracted and continues to attract
over Africa is oscillatory in time. attention of public and scientists all over the globe.

(b) On assuming the generating process to be purely In this paper the oscillations, if any, in the annual

random, the prominent cycles in the annual rainfall rainfa!l and their nature are examined. For this purpose a
were 2.0 -2.5 years and 2.7 — 3.3 years. These network of 45 stations having long period homogeneous

cycles have been detected in some past studies over rainfall data are fairly distributed over north Africa,
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TABLE 2
Lag-one serial correlation, ry

Name of the station r Name of the station n
Alexandria -0.119 Gabes +0.076
Agedabia 0.373%* Hon +0.049
Aziza -0.033 Kufra +0.050
Benina -0.113 Mersa Matruh +0.267*
Biskra +0.115 Mansura +0.045
Cairo +0.250* Misurata 0.805*
Casablanca +0.104 Marrakech -0.280*%*
Damitta -0.075 Nalut +0.034
Damanhur +0.050 Oran -0.220
Demna -0.104 Port Said -0.040
Dar El-Beida -0.208** Rosetta -0.244%*
El-Adem +0.164 Rakdalen -0.060
El-Assa -0.062 Subrata +0.269*
El-Agilate -0.510** Shahat 0.279*
El-Karyate +0.110 Sidi Barrani -0.117
El-Zahraa +0.133 Salum -0.225**
El-Bidaa +0.325* Suez +0.160*
El-Golea -0.110 Sirt -0.019
Fayum +0.250* Sebha +0.040
Giza +0.180* Tunis +0.189*
Ghadames -0.100 Tripoli Air port -0.687**
Galo +0,399%+ Zagazig -0.130

Zuara -0.003

*  Significant Markov linear persistence at 95 percent.
** Significant correlation coefficient at 95 percent.

which has been selected (Table 1). The record of these
stations is somewhat long and lies between 59 and 112
years.

Most of the monthly data of the stations used were
obtained from the National Center of Atmospheric
Research, the monthly or daily publications of the
meteorological service of Morocco and Tunisia, Libya
Meteorological Department, monthly climatic data for the
world and official files of the authority of meteorology at
Kobri El-Kobba, Cairo, Egypt. A few gaps were filled by
a multiple regression analysis.

2. Data and analysis persistence

The various alternatives to randomness have the
common property of low-frequency variation, which
introduces positive serial correlation at small lags. To
calculate the lag-one serial correlation, we used the
following formula:

N -1 N-1Y N
(v-1) = -rfxi+1-[ ExfI Exi]
(r])= i=1 i=1 Ai=2

The significance of the lag-one correlation, r,, was tested
using the one-tail 95 percent significance point of the
Gaussian distribution (WMO 1966). The test value
(r,), was computed from

(ry) = ==t )

where ¢ s is the value of the standard deviate in the

Gaussian distribution corresponding to the desired level of
significance. The r, values for all the stations are given

in Table 2.

Gilman et al. (1963) have given the method of
finding the persistence of the first-order, linear Markov
process, which is a dominant form of trend. Accordingly,
the serial correlations at lag two and lag three were
compared with ri and ri respectively. When r, was
negative, it was tested against the two-tailed value and
interpreted as indicative of marked high-frequency
oscillations. The significant values are presented in Table
2. They show that the sample values of r, were positively
and significantly greater than the test value (at 95 percent)
at Alexandria, Cairo, El-Dibaa, Fayum, Giza, Mersa
Matruh, Subrata, Suez and Tunis with the values of r,
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increasing trends (A, C, D, E, F, H), decreasing trends (B, G. J) and no significant trends (1)
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TABLE 3

Mann-Kendall rank statistic

Name of the station

Name of the stations

Alexandria
Agedabia
Aziza
Benina
Biskra
Cairo
Casablanca
Damitta
Damanhur
Dema

Dar El-Beida
El-Adem
El-Assa
El-Agilate
El-Karyate
El-Zahraa
El-Bidaa
El-Golea
Fayum
Giza
Ghadames
Galo

Gabes

Hon

Kufra
Mersa Matruh
Mansura
Misurata
Marrakech
Nalut

Oran

Port Said
Rosetta
Rakdalen
Subrata
Shahat

Sidi Barrani
Salum

Suez

Sirt

Sebha
Tunis
Tripoli Air port
Zagazig
Zuara

*  Significant value at 99 percent level
** Significant value at 95 percent level

and r 4 equal to or greater than r,2 and rf . This indicates
Markov linear-type persistence at these stations. At
Agedabia, El-Agilate, Galo, Misurata, Marrkech, Rosetta,
Shahat, Salum and Tripolt, r; was significantly negative,
indicating the presence of high-frequency oscillations.

3. Trend

The Mann-Kendall rank statistic has been suggested
as a powerful test (Kendall and Stuart, 1961) when the
most likely alternative to randomness is linear or non
linear trend. The statistic T was computed form the
following equation:

N-1
4% n
i=l
T:——[ 3
N(N-1) )

where n; is the number of values larger than the i"
value in the series subsequent to its position in the time
series. The test statistic (1), was:

{4N+10
{T),-:i' f*, m

where ¢ , is the value of  at the probability point in

the Gaussian distribution appropriate to the two- tailed
test. Table 3 gives the Mann-Kendall rank statistic values
significant at 95 percent. A positive value indicates that
the trend is one of increasing tendency while a negative
value indicates a decreasing tendency. This test has been
applied to all irrespective of whether or not the first test
indicated a trend. A significant increasing trend was
found at Dar El-Beida, El-Adam, El-Karyate, El-Zahraa,
El-Bidaa, Ghadames, Misurata, Nalut, Rosetta, Rakdalen,
Subrata, Tunis, Shahat, Tripoli and Zagazig, and
significant decreasing trend at Azizia, Benina, Cairo,
Damanhur, Fayum, Giza, Galo, Hon, Kufra, Marrakech,
Salum, Suez, Sirte and Sebha. The rest of the stations do
not exhibit significant trends.

4. Low pass filter

To understand the nature of this trend, the series
was subjected to a “Low-pass filter” (WMO,1966), thus
suppressing the high-frequency oscillations. The weight
used were the nine ordinates of the Gaussian probability
curve (0.01, 0.05, 0.12, 0.20, 0.24, 0.20, 0.12, 0.05, and
0.01). The response curve of the Gaussian low-pass filter
has a response function that is equal to unity at infinite
wavelengths; it then tails off asympototically to zero with
decreasing wavelength. The response is approximately
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TABLE 4

Power spectrum results

Name of the station Class interval of

significant period

Name of the stations Class interval of

significant period

Alexandria Gabes 8.5-8.1
24-22
Agedabia Hon 71.7-1.1
3 6.3-50
Azizia 5.8-5.1 Kufra 6.3-5.0
24-22 3.8-33

Benina 8.8-8.5 Mersa Matruh 14.6-10.1
24-2.2 29-2.6

Biskra 6.3-5.9 Mansura 2822

4.1-3.5

Cairo 6.3-5.0 Misurata 4.8-4.5
29-26

Casablanca 16.1-10.6 Marrakech 17.6-13.4
29-2.6 2.9-2.6

Damitta 24-22 Nalut 12.0-8.8
6.3-5.0

Damanhur 24-2.3 Oran 12.0-1.7
24-22

Derna 7.1-7.0 Port Said 12.5-8.0
24-22 34-3.2

Dar El-Beida 13.7-11.2 Rosetta 14.6-10.1
2.4-22 4.4-4.2

El-Adem 10.7-8.0 Rakdalen 8.0-6.7
2.6-2.2 24-22

El-Assa 8.1-7.9 Subrata 4,845
24-2.2

El-Agilate Shahat 7.8-7.6
24-2.2

El-Karyate 10.5-7.7 Sidi Barrani 264-18.8
6.3-5.0 2.3-2.0

El-Zahraa 8.3-8.1 Salum 13.5-11.7
6.3-50 2.4-2.2

El-Bidaa 4.8-4.5 Suez 17.6-12.5
34-2.2 6.4-6.2
El-Golea 6.3-5.0 Sint 8.3-8.1
3432

Fayum 6.3-5.0 Sebha 6.3-5.0
3.8-33

Giza 6.3-5.0 Tunis 27.9-234
24-22

Ghadames 6.3-5.0 Tripoli air port 14.6-12.0
24-22

5alo 24.7-188 Zagazig 8.8-6.9
6.3-5.0 6.3-5.0

Zuara 13.5-11.7
3.4-3.2

R(f) = exp \“ 2ll°0, f~ ) 5.  Power spectrum analysis

where ©_ was the appropriate standard deviation

(ie.. 6 O.= 10 year). The trend was not linear but

B

oscillatory, consisting of periods of more than 10 yr in
duration. A few filtered series along with the unfiltered
series are depicted as examples in Fig. .

The time series of the mean annual rainfall for all
stations has been subjected to power spectrum analysis by
following the method of Blackman and Tukey (1958) as
given in WMO Technical Note 79 (1966). To achieve
satisfactory resolution in the spectrum, a maximum lag, m.
has been chosen as large as possible but not exceeding
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one-third of the total number of years of the record
involved in the analysis. To reduce the chances of picking
up a high power, the analysis has been separately
conducted with five or six different maximum lags that
might have arisen due to “Aliasing effect” consistent with
the above restrictions. The null hypothesis for this
purpose was considered in accordance with whether or not
the series revealed any persistence. If the persistence was
of the Markov linear-type, the appropriate red noise
spectrum and the associated 99, 95, and 90-percent limits
were calculated, and the individual peaks were tested with
reference to these limits. If the lag-one correlation was
significantly greater in magnitude than zero but higher lag
correlation did not taper off exponentially, the spectral
estimate in the first half were tested with reference to the
red noise spectrum and the rest against white noise. In the
absence of any persistence, the spectral estimates were
tested against the white noise spectrum.

Significant peaks (2.3, 2.8, 3.6 and 5 to 6 years)
revealed by the spectral analysis are given in Table 4.
These show low frequency oscillation at Alexandria,
Casablanca, Galo, Mersa-Matruh, Marrakech and Tunis.
"The higher frequency oscillations tend to occur quasi-
periodically on time scales of about 2.0-3.0 at Alexandria,
Azizia, Benina, Damietta, Damanhur, Derna, Dar El-
Beida, El-Adem, El-Assa, El-Bidaa, Gabes, Mersa
Matruh, Mansura, Misurta, Marrakech, Oran, Rakdalen,
Subrata, Shahat, Sidibarrani, Salum, Tunis and Tripoli.

The shorter waves 2.0-3.0 years seem to be
associated with quasi-biennial oscillation. This connection
has been mentioned by other researchers (Angell et al.,
1996; and Lamb, 1972). Lamb (1972) noted that a quasi-
biennial oscillation is related to the southern oscillation,
which is the strength of subtropical high belt in both
northern and southern hemisphere. Also studies have
shown that there may be two fundamental time scales in
the interannual variability of the monsoon-ocean-
atmosphere system, i.e., a quasi-two year cycle associated
with tropical biennial oscillation (TBO) and a 4-6 years
cycle associated with El-Nino southern oscillation
(ENSO). Also minor peaks at periods in the range 3-5
years appear to be associated with the southern oscillation
(Folland er al. 1986). Nicholson (1989) found that waves
of about 2.3-3.5 year, and 5 year are apparent in
equatorial and southern Africa. He explained that these
same time scales characterize many other meteorological
phenomena in the tropics, such as the quasi-biennial
oscillation, sea surface temperature and El-Nino southern
oscillation (ENSO) and they are apparent in rainfall series
throughout the tropics. Cycles of nearly 11 years are seen
at Casablanca, Dar El-Beida, El-Adem, El-Karyate, Mersa
Matruh, Nalut, Oran, Port Said, Rosetta, Salum, Suez,
Tripoli and Zuara. It is important to note that of all the

stations having nearly 11 year cycles, only Dar El-Beida,
El-Adem, Merasa Matruh, Oran, Salum and Tripoli have
exhibited QBO (Table 4). QBO, it may be pointed out, is
often considered as apart of the solar cycle (nearly 11
year) which in turn is intimately related to the ultraviolet
emission (Shapiro and Ward, 1962, Staley, 1963).

6. Conclusion

This study shows that the areas having increasing
and decreasing trend in the annual rainfall are practically
contiguous. However, this trend is not significant over all
the stations in the area but only at a few places, distributed
at random. QBO is exhibited at several stations in the
areas of increasing and decreasing trend. Similarly, the
11-year cycle (solar cycle) is also exhibited in both these
areas. However, both the QBO and 11-year cycle are
present at six stations only. This is an important feature
that has to be seriously considered when we seek a
physical explanation for the QBO in the rainfall.
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