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ABSTRACT

In this study, we investigate the effects of sclar-geomagnetic activity on the annual surface air
temperature anomalies recorded in Egypt. The temperature of Kgypt 1s divided into two main zones,
north of Egypt NE (Mediterranean coastal) and south of Egypt SE (Upper Egypt) on the Nile river.
Linear trends are calculated for each zone as an entire record and after segmented into different
periods. Cross correlation as well as partial correlation between each solar-geomagnetic index and
both NE and SE are applied. Finally spectral and coherency analysis are employed to know the
periodicities and the variation that have similar spectra properties. Present results reveal a slight
warming trend for the whole record on both NE and SE, but sequences of warming and cooling
with different trends have been observed. Significant higher warming trend are detected on SE
than NE at the last three decades. Negative correlations between solar-geomagnetic activity indices
and SE at lag (1-2 years) were observed. In addition it was found that the solar indices are more
effective on the relation (geomagnetic activity-INK}, while geomagnetic indices have small effect on
the correlation between solar activity and both NE and SE. Regarding the periodicities of the series,
several cycles have been 1dentified, with periods of about B0, (20-25), 10 year and (2-3) years.
These may indicate that there is solar activity effect on local temperature.

Key words: Climate change, solar activity, gecmagnetic activity, temperature anomalies

INTRODUCTION

Possible influence of the solar variability on the climate change have been the subject of
research for many years e.g., (Lockwood and Frohlich, 2007; Karner, 2009; Georgieva et alf., 2007).
Many studies have revealed a good correlation up the last decades, between century-scale changes
in global surface temperature and solar activity, through the mechanism is still controversial,
(Kirov and Georgieva, 2002; Bucha, 2002). Scafetta and West (2005) cbserved that the climate
sensitivity to solar changes is a multiscale phenomenon because the frequency-amplitude-
dependent. damping effect. of the ocean and atmosphere thermal inertia should make the climate
more sensitive to slower solar variations.

El-Borie and Al-Thoyaib (2006) found that about 40% of the variance in global temperature
could be accommodated by concurrent alterations in geomagnetic and solar activity. Scafetta and
West, (2006) studied the role of solar forcing on global surface temperature during the four periods
of the industrial era (1900-2000, 1900-1950, 1950-2000 and 1980-2000) by using a sun-climate
coupling model. They concluded that the Sun contributed as much as 45-50% of the 1900-2000
global warming and 25-35% of the 1980-2000 global warming.

High positive correlation was found between the geomagnetic activity and the surface air
temperature in Middle and Scuthern Eurcpe (Georgieva, 1998). Kileik ef al. (2008) investigated
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the effects of solar activity on the surface air temperature of Turkey. They considered the
parameters temperature and flare index data for the period (1976-2008), which cover almost three
solar activity cyecles, 21st, 22nd and 23rd. They found a significant correlation between solar
activity and surface air temperature of Turkey for only cycle 22,

Rigozo et al. (2007) have found evidence for the presence of the solar activity long-term periods
(~11, 22, 80 and 208 years) by examining the tree ring time series extended over a period of
400 years. One key element that 1s very often taken as evidence of a response, 1s the similarity of
periodicities hetween several solar activity indices and different meteorclogical parameters
{Tsiropoula, 2002).

Usoskin ef al. (2006) reported that Sun's intensity over the first half of the 20th century was
higher than at any time over the last ~4000-8000 years found ,C'" proxy data reconstruction.
Therefore the warming trend that occurred in the second half of 20th century may be raised from
that high solar activity.

Le-Mouel et al. (2008) analyzed temperature data from metecrological stations in the USA (six
climatic regions, 153 stations), Kurope (44 stations) and Australia (five stations) indicating that
significant solar forcing is present in temperature disturbances in these areas and conjecture that
this should be a global feature. Le-Mouel et al. (2009) identified a strong correlation between the
long-term (decadal to centennial) evolutions of winter time temperature and pressure disturbances
in KEurope and solar activity.

Valev (2006) found statistically significant. correlations between the global and hemispheric
temperature anomalies with solar -geomagnetic indices for the period (1856-2000). The correlation
between the temperature anomalies and the geomagnetic indices is about two times higher than
the correlation between the temperature anomalies and the solar indices. These results support the
suggestion that the geomagnetic forcing predominates over the solar activity forcing on the global
and hemispheric surface air temperature.

The surface temperature anomaly and sunspot number (Rz) time series in the period 1880-2000
were studied with wave let multi-resolution analysis by Souza Echer et al. (2008). They found a
very low correlation of 0.11 between surface temperature anomaly and Rz in the 11-year- solar
cycle band. A higher correlation of 0.66 was found in the ~22-year-band at zero lag. Palus and
Novotna, 2009, Demonstrate detection of oscillatory modes with period of about 96 months
{7-8 years) in the long-term records of geomagnetic activity aa index as well as in the records of
surface air temperature from several mid-latitude European locations.

The aim of this study is to examine the regional climate in Egypt (North and South stations)
and its possible dependence on the solar and geomagnetic activity.

MATERIALS AND METHODS

To investigate the Sun-climate relationship on local scale we have used annual surface air
temperature anomalies data of Egypt and global sclar-geomagnetic activity indices. Temperature
data set used in this study cover 24-31° latitudinal and 25-33° longitudinal regions which separated
into two regions according to their locations. North of Egypt (INE) is considered the average of four
stations, Alexandria (31.12N, 29.58E), Matrouh (31.19N, 27.09E), PortSaid (31.16N, 32.18E) and
Sallom (31.32N, 25.9E). This region is considered as Mediterranean climate. The second regien is
South of Egypt (SE) including Menia (28.07IN, 30.33EK), Asyout (27.11N, 31.04E), Luxer (25.41N,
32.38K) and Aswan (24.041N, 32.67E). This region represents hot areas on the Nile river sides. The
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Table 1: Time series analyzed and their duration

Time series Duration

North of Egzrpt(INE) 1881-2006
South of Egypt (SE) 1904-2005
aa(nT) 1881-2005
kp @D 1932-2005
Nv? (nPascal) 1967-2007
Rz 1880-2005

temperature data used in this study were taken from (http:./fwww. ncdenoaa.gov). The anomalies
of these temperatures are calculated by subtracting the 1950-1980 mean from the data sets. Some
gaps were found in the data, an interpolation program applying series mean interval process to
replace the missing readings with interpolated ones. Table 1 shows the examined periods of surface
air temperature (north and south of Egypt) and solar-geomagnetic parameters.

Solar changes are today easily traced through many activity indicators such as sunspot
number, coronal mass ejection (CME), solar flare, solar dynamic pressure (nv?, ete. These indicators
show cycle behaviors from days to thousands of years. We have used in this study annual sunspot
number (Rz) and annual solar dynamic pressure data sets (nv% as solar activity indicators as well
as (aa), (Kp) as geomagnetic activity indicators.

Sunspot number 1s one of the longest solar data set available which exhibit long-term cyclic
variations of 11 yvears (Schwabe), 22 vears (Hale) and 80-90 years (Gleissberg) and also some other
periods such as those of 35 years (Kileik, 2005), or even longer 210-year Suess cycle (Braun ef al.,
2005). The sunspots have been obtained wvia thttp:// fip.ngdenoaa.goviSTPISOLAR DATA/
SUNSPOT NUMBERS/MONTHLY). The most geceffective solar wind parameters are the flow
speed v and the proten density n. One can construct proxy for the dynamical pressure P. The
pressure P exerted on the Earth’s magnetosphere is best represented by nv® Dynamic pressure
increased by velocity or density of the solar wind that can result in the production of energy within
the Karth’s magnetic field that can affect the troposphere. Maintained small increases in dynamic
pressure in the order of NanoFPascal from the solar wind due to the expansion of the solar magnetic
corona may be sufficient to produce the energy that has resulted in the increase of surface
temperatures on the Earth. A 1 nFPa increase in dynamic pressure 1s equivalent to the increase of
about 16 nT 1in the geomagnetic activity index aa values observed over the last 100 years
(Michael, 2009). For ion density and ion speed, data were obtained from
(http:/lomniweb.gsfc.nasa.goviegimx1.cgl).

The aa index is defined as the average of each 3-hour period, of the maximum of magnetic
elements from two near -antipodal mid-latitude stations in Australia (Melbourne) and England
{Greenwich). The aa index exhibits a dual structure related to the two components of the magnetic
solar field: the sunspot sclar component and the dipolar solar component, {Ouattara and
Mazaudier, 2008). A widely used measure of the overall geomagnetic activity is the planetary
magnetospheric Kp index. The Kp index is evaluated using the amplhitude of the variation of the
horizontal magnetic components X and Y at the Earth’s surface at geomagnetic latitudes between
48° and 63° (Fredrik and Henrik, 2002). Aa and Kp data have been obtained from
(http://fwww . wdcb.rssiru/stp/datalgeomagni ind/).

The statistical analysis of the examined data series involves, cross correlation, partial
correlation, spectral density and squared ccherency. Cross-correlation is applied between
solar-geomagnetic indices and both NE and SE for the common period (1967-2005). Partial
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correlation analysis is aimed to finding correlation between two variables after removing the effects
of other variables. This type of analysis helps spot spuricus correlation (i.e., correlations explained
by the effect of other variables) as well as to reveal hidden correlations, 1.e., correlations masked
by the effect of other variables. Coherence analysis, or cross-spectral was used to identify variations
that have similar spectral properties (high power in the same spectral frequency bands). Coherence

between a pair of signals indicates that changes in one signal are related to changes in the other
signal.

RESULTS AND DISCUSSION

Trend analysis: To explain some parts of temperature behaviors on Egypt, the whole period of
temperature record was segmented to some sequences and calculated the trend of each segment as
well as the trend of the entire record (Table 2). Figure 1a, b and 2a-d show the annual time series
of air temperature anomalies on both regions of Egypt and the global solar-geomagnetic indices.
In Fig. 1, one can see that both regions display three main periods. Two with a sharp rise from the
beginnings of 20th century to around 1940 and the second 1s between 1981 till 2006. This 1s
interrupted by cooling period from 1940 to the late 1970s. It is obvious that both are fluctuate about
1°C above and below the reference period. Fall in temperature on SE reach -2.3°C at 1983 followed
by another drop to reach (-1.8°C) at 1992, the maximum temperature reach 1.46°C at 1998. On
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Fig. 1: Time series of annual surface air temperature (a) NE and (b) SE

Tahble 2: Trend analysis of NK and SE at different periods

Period Type Trend of (NE) Trend of (SE)

1004-1940 Warming 1.3°C(0.037°C year ) 0.8°C (0.023°C year )
1941-1980 Cooling -0.46°C (-0.012°C year1) -0.15°C (-0.004°C year)
1981-2006 Warming 0.6°C(0.024°C year—) 1.6°C (0.06°C year—1)
1904-2006 (whole record) Warming 0.2°C (0.002°C year™ ) 0.3°C (0.003°C year™)
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Fig. 2: Time series of annual (a) aa, (b) kp, (¢) nv? and (d) Rz

NE the minimum temperature is (-1.12°C) at. 1903 and the maximum reaches 1.12°C at 1921 and
1.02°C at 2001 above the reference period.

Table 2 shows the trend values for each peried as well as the whole record for both regions, it
is obvious to regard that the first warming period (1904-1940) rose sharply on NE (1.3°C) more
than SE (0.8°C). In contrary, on the second warming pericd, SE rose sharply (1.6°C) more than
NE (0.6°C). This trend value for NE is close to the ~0.2°C per decade in the past 30 years that
obtained for the global surface air temperature by Hansen ef al. (2006). Although the cooling
period is appear in both SE and NE, its highly significant trend on NE than on SE. Non significant
slight warming is observed on both regions for the entire record (1904-20086), this is contradicted
with Lugina et al. (2008) who showed that the northern hemisphere has warmed at a rate of
0.71°C/100 years and the southern hemisphere at rate of about 0.56°C/100 years. The warming
rate for the globe 15 0.64°C/100 years. In conclusion, it 1s obvious that for recent years the climate
of SE stations is more sensitive by three times than these of NE.

Cross correlation and partial cross correlation: Figure 2 and 4 show the cross correlation
coefficients between solar-geomagnetic indices and both NE and SE. The two solid horizontal lines
show 95% confidence limit interval. Linear trend was removed from the data before it 1s cross-
correlated. Figure 4a-d show negative significant correlation between SE and geomagnetic activity
indices (aa, Kp) at lag 1. These correlations appear more significant than the correlations between
NE and these indices at lag 6 year (Fig. 3a-d). Cyclic of 11 year appear in the correlation between
sunspot number (Rz) and both NE and SE. Correlation coefficients are reported in Table 3,
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Tahble 3: Cross correlation coefficients between NE and SKE with solar-geomagnetic indices for the period (1967-2005)

Solar-Geomagnetic Indices NE lag SE lag
aa -0.3 6 -0.46 1
kp -0.32 6 -0.5 1
nv? -0.334 1 -0.38 1
Rz 0.2 2 -0.3 3

o .
10~ (a) Coefficient

—— Upper confedence limit 1.07
Lower confedence limit
0.5+ 0.5
-~
5 0o & oo 1L T o ,-Iﬂ-l -
Qo o Ll.Ll"l-l U_U"|-|_| I_l_LI.I- =
//_\
-0.54 -0.5
-1.04 -1.0
T T T T T T T T T T T T T T T T T T T T T T T T
1o4® 1o4@
0.5+ 0.5
- —
5 WH &5
R i i) mj_l\ S
L] N
-0.54 -0.54
1.0+ 1.0
T T T T T T T T T T T T T ] T T T T T 1 T 1 T T
-17-14-11-8 -5 2 1 4 7 10 13 16 -17-14-11-8 -5 22 1 4 7 10 13 16
Lag (year) Lag (year)

Fig. 3: Cross correlation between NE and (a) aa, (b) kp, (¢) nv® and (d) Rz

negative moderate correlations between the solar-geomagnetic activity indices and both (NE) and
(5E) at. different lags have been observed, except (Rz) has positive correlation (0.2) with NE at lag
2. High significant correlation between geomagnetic indices (aa,Kp) and SE at lagl (-0.46, -0.5)
and non significant moderate correlation between (aa,Kp) and NE at lag6 (-0.3, -.32). Solar
dynamiec pressure (nv?) has negative moderate correlation with both NE and SE at lagl. These
results are not consistent with (Valev, 2006), who analyze the data series from 1856 to 2000 for the
annual global and hemispheric surface air temperature anomalies and found that no statistically
significant global temperature lag behind the sunspots as well as behind aa-indices. Dobrica et al.
(2009) analyze 100-150 years-long temperature and precipitation records from 14 meteorological
stations in Romania, in connection with long-term trends in solar and geomagnetic activities. The
correlation of climatic parameters seems to be stronger for geomagnetic activity than for solar
activity. The study indicates that sclar and geomagnetic activity effects are present on the 22-year
Hale cyele timescale. The temperature variation on this timescale lags the solar/geomagnetic ones
by 5-9 years. This result is consistent with our results.
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Fig. 4: Cross correlation between SE (a) aa, (b) Kp, (¢) nv? and (d) Rz

Table 4: Partial correlation coefficients between temperature anomalies at NE, SE and solar-geomagnetic indices for the period
(1967-2005)
Control factors NE Significance (2-tailed) SE Significance (2-tailed)
kp none 0.03 =0.1 -0.15 =0.1
Rz,nv? 0.30 0.06 0.14 =0.1
aa none 0.068 =0.1 -0.158 =0.1
Rz,nv? 0.317 0.05 0.114 =0.1
nv? none -0.30 0.06 -0.35 0.02
aa,kp -0.37 0.02 -0.32 0.05
Rz none 0.115 >0.1 0.02 =0.1
aa,kp 0.166 =0.1 0.07 =0.1

A partial correlation analysis was applied to check whether these indices have direct influence

on the temperature or only reflect the effects of other indices. For this analysis it has been used the

periods between 1987 and 2008, since nv? data were not available before this time. We have studied

the correlation between surface air temperature anomalies on NE and 5K with solar activity indices

(Rz, nv?) after controlling the effects of geomagnetic activity indices (aa, Kp). In contrast, the
correlations between NE and SE with the geomagnetic activity indices after controlling the effect
of solar activity indices have been added. Table 4 shows the correlation coefficients before (none)

and after controlling the effects of other variables, the statistical significance is determined by the

paired-sample t-test. Non significant positive correlation are seen between both Kp and aa with NE

(0.03, 0.088) before controlling the effects of Rz and nv? (zero order). These correlations became
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strengthened after removing the effects of Rz and nv? (0.3, 0.317), implying that these correlations
are largely resulting the effect of sclar activity indices. In contrast, non significant negative
correlation between both Kp and aa with SE were found (-0.15, -0.158), but after remove the effect
of nv’® and Rz, non significant opposite sign was appear (0.14, 0.11). This mean that with
controlling the effect of solar activity indices, the correlation between Kp and aa with SE are
positive. On other hand, significant negative correlation between nv? and both NE and SE
{-0.3, -0.35) did not change much when the effect of aa and Kp was removed (-0.37, -0.32).
Removal of geomagnetic activity indices (aa, Kp) also did not change the positive correlation
between Rz and both NE and SE implying that aa and Kp only reflects the effects of nv? and Rz
and does not have a direct influence on these regions.

Spectral analysis and coherency: To assess the solar-climate link it is important to know the
periodicities involved and their interactions with climatic phenomena. The available whole record
for each of the data set was used in both spectral and coherency analysis. The data was smoothed
before these analyses by using Tukey-Hamming filter with span (3). Our spectral analysis results
(Fig. 5a-f) show that all the data sets have about the same periodicity, albeit showing small

() (b)
1.5E1 1.5E14
50 year 25 year
1.0E14 1.0E14
= 20 year -
£ 5.0E0 ‘% 5.0E0
L
= 10 year 3
£ 4.7 year =
3 2
& &
0.0E0 0.0E01
T T T T T T T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5
6013 © (d
4.0E3 0 ;-gggz 1 22year 10year
2.0E3- year HUks
2 2.50E2 4
*E 5.2 year =
5 47 5
- year 2.3 year = 2.3 year
s g
2 2
a =9
7] 7]
1 T 1 T L 1 T T T 1 1 T
0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 04 0.5
5.00E124
3.00E124 2.0E54
2.00E124 1.0E5H
1.00E124
=
£ =
2 &
= 7]
o] =
=l L
—_— el
o —_—
s <
5] b=
L Q
o (53
2] o
w
T T T T T T T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5
Frequency (cycle year ) Frequency (cycle year ')

Fig. 5: Power spectra of (a) NE, (b) SE, (c) aa, (d) Kp, () nv® and (f) Rz
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differences. The climatic oscillations with periods 20-25 years and 10 years have been revealed for
both NE and SE (Fig. Ha,b). [t may be related to Shwabe cycle (~11 year) 10 year period appear
with large amplitude on 5K than on NE. Other modes of 4.7, 3.3 and 2.3 years are also appear on
SE. Significant peak of 50 year appear in NE spectra. The spectra of aa (Fig. 5c), have wavelengths
of annual, semi- annual, 5, 2, 10-11 years. These results coincident with that obtained by
Prestes et al. (2006) who applied the multiple-taper spectral analysis to aa, Ap and Rz annual and
monthly average series (1868- 2001) and showed that the significant periods at 95% confidence
level for annual averages are 11.1 and 10.2 years for Rz and 11.1, 5.3, 4.3, 2.7 and 2.1 years for
aa. The significant modes in the Kp (Fig. 5d) are located at 22 and 11 years. These cycles could be
related to the solar magnetic cycle or (Hale cycle~22 year) and solar activity. Another mode with
the period of (2-3) years was observed in both solar-geomagnetic indices and in the temperature
records. This frequency lies within the range of the Quasi-Biennial Oscillations (QBO) and it may
be corresponding to ion density variation. Significant peak at 10 year cycle was detected on all data
series with different amplitudes. This peak is the most prominent on the Rz series (Fig. 5f). These
results are agreement with those of Palus and Novotna (2007) who applied the Monte Carlo
singular system analysis (MCSSA) to records of menthly average near surface air temperature from
several Furopean locations, to the monthly North Atlantic Oscillation (NAQ) index, as well as to the
monthly aa index and the monthly sunspot numbers. They found several significant oscillatory
modes 1n all the source data, the QBO 27-month (2.3 year) mode 1s shared by the atmospheric data.
The 136 months (11.3 years), related to the solar activity cycle is shared by the sunspot data and
the aa index, the mode with the period of 64 months, or approximately 5.5 year has been detected
in the aa index and in the temperature records. In this study the mode of peried 5.5 vear is
observed only in the aa index.

Table 5 summarizes the results of coherency analysis; the values of frequencies shown in terms
of 1ts inverse, the entries in the table indicate the frequency bands where coherence in a pair of
variables is given. It should be read as pairs of values {frequency, square coherency).

Table 5: Squared coherencies of solargeomagnetic activity with NE and SE

Solar-Geomagnetic Index NE SE

nv? Frequency( cycle/year), Squared coherency (3-3.5)7%, 0.8 (20-25)"%, 0.98
(2257, 0.7 (2-2.57, 0.8
(20-25)1, 0.6 (3-3.57°L, 0.4

Rz Frequency( cyclefreary, Squared coherency (3.5-4)°, 0.85 (12-14)4, 0.9
(2257 08 (2-25)71, 0.75
(20-257°1, 0.8 (341, 0.7
(5-6)71, 0.7 (20-25)1, 0.6
(9-12y°%, 0.5 {9-12)71, 0.4

Aa Frequency( cyclefreary, Squared coherency (3-4)7%, 0.98 (20-25)74, 0.8
(0-12y%, 0.8 (2-2.57, 0.75
(2-2.57%, 0.65 (9-12)7, 0.65
(20-22y°1, 0.6 (3-471, 06

kp Frequency( cycle/year), Squared coherency (3-4)7%, 0.95 (2-2.5)%, 09
(561, 0.7 (345, 0.8
(2257, 0.6 (9-12)71, 0.7
(20-25)1, 0.6 (20-25Y°1, 0.3
(9-12)7%, 0.45
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Frequeney is given as a range (cycle year™!) and squared coherency is given by the maximum
value in the frequency range. Figure 6a-d and 7a-d represent the value of squared coherency as
funection of frequency (cyclelyear) for NE and SE with solar-geomagnetic activity indices. Observing
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Fig. 6: Squared coherency of NE with (a) aa, (b) Ep, (c) nv® and (d) Rz
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Fig. 7: Squared ccherencies of SE with (a) aa, (b) Kp, (¢) nv? and (d) Rz
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Table 5, the most prominent feature 1s mainly four periods that appear almost in all spectra with
maxima coherencies. The four periods are (20-25), (9-12), (3-4) and (2-2.5) years, except at the
period (9-11) vears the coherencies for (NE-nv?) and (SE-nv? are not observed. Thus suggest that
there is no relation of nv” with both NE and SE at 11 year cycle. The second noticeable feature is
that maxima ccherencies (~0.98) ocecur on NE-aa and NE- Ep at (3-4) years period and of SE-nv?
at (20-25) years period. Thus suggest a close relation on NE with both aa and Kp at this period and
on the relation of SE with nv® at ~22 year cycle. Another maximum coherency (0.9) is observed
on SE-Kp for (2-2.5) years period. The (20-25) vears period is appeared on SE-aa with maximum
0.8, but diminishes on the relation between NE-aa (0.6}, while in contrary, the same period appear
in the relation of both Rz, Kp with NE and then diminishes with SE. (5-68) years period is only
observed with coherency (0.7) on the relation between NE and both Rz and Kp.

CONCLUSION

Based on the annual surface air temperature of north and south of Egypt it was found that.:

+ Both north and south of Egypt temperatures have stable climate through 20th century with
same sequences of warming and cooling periods. Following by significant warming trend in the
last three decades till 2008 on the south of Egypt reached three times more than on the north.
This periodicity makes a cycle of around ~20 years, it may be related to Gliessberg cycle

+ The cross-correlation analysis for the period from 1967 to 2005 shows a negative correlation
between solar-geomagnetic parameters and the temperature in Egypt at different lags. Non
significant correlation is found between sunspot number and the temperature on north Egypt.
High significant negative correlation between geomagnetic activity indices and the temperature
on south Egypt at lag one vear. Also no significant correlation were seen between geomagnetic
activity and the temperature on north of Egypt at lag 6 year. Cyclycity of 11 year appear also
on the correlation between Ez and both the temperature on north and south of Egypt

*  From partial correlation analysis, we found that the solar activity indices are more effective on
the relation between geomagnetic activity and the temperature on north Egypt. Thus implying
that the correlations between geomagnetic activity indices and the temperature in this region
are largely a result of solar activity, While geomagnetic activity indices have small effect on the
correlation between solar activity and the temperature on both north and south of Egypt. Thus
indicating that geomagnetic activity indices only reflect the effect of solar indices and does not
have a direct influence on the temperature on Egypt

*  Qur spectral analysis revealed periodicities of (2-3) years, 10 year on solar-geomagnetic indices
as well as both NE and SE. These may indicate that there is solar activity effect on local
temperature. Maxima coherencies (~0.98) occur on NE-aa and NE- Kp at (3-4) years period and
on SE-nv? at (20-25) years period. Thus suggest a close relation on NE with both aa and Kp at
this period and on the relation on SE with nv? at ~22 year cycle.
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