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Variations of Temperature Over Jeddah During Recent Solar Cycle
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ABSTRACT. This paper studies the temperalure variations during the last three
decades in Jeddah, Saudi Arabia. Part of this varialion is thought 10 be due to
solar activity paramefers; in here we will discuss sunspot numbers. For this
purpese, we started with a theoretical representation for the variations in the
mean temperature and sunspol number during the years from 1990 to 2000 over
Jeddah. In this respect, and by utiliziug Fourier serics, the results are very
accurate in sueh a way that the calculated and the observed variations for hoth
lemperature and sunspots are typically identical. A result which is optimistic for
obtaining accuratc prediction formulae for cliinalical parameters.

In addition, we investigated the changes in the air temperature of Jeddah
which is clearly cvident for the available data, that ranges from 1977-2003. A
preliminary conclusion indicales that there is a general increasing trend in the
average temperatures during the recent three decades, reaching up lo 1 degree
Celsius. A very good comelation has been found between the annual
temperatures and the length of the sunspot cycle.

1. Introduction

One of the most important and active issues in solar physics is understanding solar
activity and predicting climate changes as well as their interactions, which in fact are found
to be strongly rclated. Different attempts have been made over the vears to link various
aspects of solar variability to changes in the Earth’s climate. There has been growing
interest in this possible connection in recent years, spurred largely by the need to
understand the natural causes of climate change, against which the expected global
warming due to man’s activity will have to be detected, (Lcan and Rind 1996, Soon et al
1996, Ogurtsov et al 2002, Friis-Christensen 2001).

Many scientists havc observed correlations bctween the solar magnetic activity,
which is rcflected in the sunspot frequency, and climate parametcrs at the Earth. Sunspots
have been recorded through several hundreds of years which makes it possible to compare
thcir vanable frequency to climate variations to the extent that reliable climatological
records exist, (Mosalam 1993, Hanscn 2000).

It has been noticed that there is 2 general increasing trend in the solar activity from
the start of the 20" century till now, i.e. there is an increase in the total solar irradiance,
and the solar proton events, which lcad to decrease in the cloudiness and increase in the
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atmospheric transparency. Thus, leading consequently to an increase in the air temperature,
as well as in the sea level, where the south of the Mediterranean sea (North Africa and
Arabian Peninsula) will become dry and high, (Mosalam 1990 and 1993). For that reason,
studying the variability of the solar activity from space and ground base is very important
to know the role of the sun on climatic change. Therefore, we will discuss in this paper the
rclation betwecn the sunspots and the temperature variations over one of the cities located
at the west coast of Saudi Arabia, namely Jeddah.

In the present paper, we started the 1% phase of our study by devoloping the variation
of the thc mean temperature during the years from 1990 to 2000 over Jeddah of Saudi
Arabia. This will be achieved vie Fourier Series of the form ;

27 j(x~ 27 j(x—
ao+Zajcos”—j(;—W+ZbrsinJL;I~Q

where L=x,-Xg is the fundamental period. Moreover, we devoloped the variation of
the sunspots number during the above years utilizing the same techniqge. The results are
very accurate, where we obtained the calculated variations for both tempereture and
sunspots which were typically identical. This result is optimistic for obtaining accurate
prediction formulea for the climatical parameters.

2. Numirical Results

In Figs. 1 and 2 the observed variations of the mecan tempcereture and the sunspots
number for different years for Jeddah are plotted with the calculated variations from
Fourier serics. In both figures the above comparison has been shown for the whole period,
1.c. from 1990 to 2000.

By looking into Fig.s 1 we could see that the observed variations and the calculated
are very much identical. Meanwhile in Fig. 2, we could see the resembelance between the
observed varaitions and the caleulated one for the complcte period. In addition, there is an
inerease in the mcan temperature values near the years 1998 and 1999, i.c. near the
maximum of the 23 solar cycles, which range from 1996-2006.

By analysing thc temperaturc variations for Jeddah station , it is cvedent that there is
an increasing trend of a bout 1 degree in the air temperature (see Figure 3, and Table 1),
which is considered to be a very significant incrcase. In Figurc 4a, we have plotted both
sunspot numbers for the period from 1970-2005, and in Figure 4b the annual and the
smoothcd temperature avarages of Jeddah during the period from 1977-2003. By
ivestigating the correlation between the annual temperature avarages and the filtcred length
of the sunspot cyele (from Friis-Christcnscn and Lassen, 1991), Figure 5 shows a very
good correlation reaching up to 0.71.
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Fig. t1). Mean Temperature during the vears 1990 to 1992 for Jeddah city — Saudi Arabia
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Observed Variations
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Fig. (1). (continue): Mean Temperature during the years 1996 to 1998 for Jeddah city — Saudi Arabia.
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Fig. (1) (continue): Mean Temperature during the years 1996 1w 1998 for Jeddah city - Sand) Arabia
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Observed Variations
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Sunspots number for the years 1990-1992,
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Fig. (2} (continuc): Sunspots number lor the years

s 1999-20K)0,
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Observed Variations
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(continue ) Sunspots number for the vears 199G-2000,
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Mean Temperature During the Years 1990 1o 2000 [or Jeddah , Saudi Arabia
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Fig. (23, (continue): Mean Tempermure for Jeddah oy, Saudi Arabia and Sunspots number during the years
1990-2000, 1or conparisoen |

Table (1) Average iemperatures Far the years 1977-2003 Tor Jeddal city.

Year Average Year Avcrape Year Aseruge
1977 33,7555 1986 346003 1995 37732
1478 34.017 1987 349219 1996 RERr L
1979 34457 198K 35,1235 1997 344984
1980 33.7781 19%9 34 1HM 199% 355559
19%1 33,9989 19490 339027 19499 354304
1942 339304 19yl ERR ST 2000 34675
1043 337066 loy2 332915 2001 352823
1984 33,9643 1493 30033 2002 35.0507

1985 343885 1994 34834 2003 J58132
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Conclusion

In concluding the paper, three main results are evident:

1-  Full statistical analyses of the temperature variation during 26 years are established
and available for Jeddah, Kingdom of Saudi Arabia.

2- There exists amonotonic inereasing trend in the tcmperature during that period of
study reaching to one degree celsius.

3- There is a very good correlation between the temperature and the filtered length of the
sunspot cycle.
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