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Abstract. The hydrographic data of 61 years were used to study the 

regular formation of the sea surface temperature anomalies (SSTA) 

and their evaluation in the South Eastern Mediterranean Sea in front 

of the northern Egyptian waters. The area of study lies between 31-

33oN and 25-34oE. Time distribution of SSTA values display both 

positive and negative cycles. The periods of these cycles fluctuated 

between 8 and 15 years. These cycles are nearly associated with the 11 

year cycle of sun-spots activities. Normal SSTA band occupies only 

21.41%, while the positive and negative bands occupy 32.90% and 

45.69%. Active zones and periods were determined from the zonal 

and time distribution of the mean positive, negative and amplitude of 

SSTA in the study period (1948-2008) for each 1o x1o grid. The active 

period of the year is from June to August. The coastal areas are more 

active especially in the positive and amplitude bands due to the 

Interannual variations in coastal heating and cooling. The anti-

cyclonic gyre areas are more active especially in the negative band 

due to Interannual variations in gyre strength. 
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Introduction 

The relationship between sea surface temperature (SST) and atmospheric 

variables is very important for the formation of the intermediate and deep 

waters (Maiyza, 1986 and Maiyza et al., 1995). The south eastern 

Mediterranean needs more detail studies to increase the knowledge about 

the possible second source of intermediate Mediterranean water and its 

periods of formation (Morcos & Hassan 1976, Gerges 1978, Maiyza 

1984 & 1986, Abdel-Moati & Said 1987 and Said & Karam 1990). 
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Marullo et al., (2007) and Salat & Pascual (2007) studied the sea 

surface temperature trend in the Mediterranean Sea, from daily to decadal 

variations. They suggested both increasing! and oscillation of the mean 

SST with time.  

For the sea, not only studies about hydrological trends but also 

studies about dense water formation and circulation must take into 

account the Interannual variability of the physical properties (Millot 

2007). 

As the wind stress and the thermodynamic effects are important 

agents for the change in thermal structure of the upper layer (Heburn, 

1985), the variability and formation of sea surface temperature anomaly 

(SSTA) is fairly essential for solving many meteorological and 

oceanographic problems.  

The duration and wide occupation of SSTA give the reason to study 

it as one of the main factors affecting climatic system of the earth 

(Fedrouich, 1985). By studying this system we can discover the energetic 

active areas in which the air-sea and sea-continent interactions are 

considerably more active. 

In this paper, the formation and evaluation of the SSTA will be 

studied. 

Data and Method of Analysis 

The area under study is the south eastern Mediterranean Sea in front 

of the Egyptian Mediterranean coast (the southern part of the Levantine). 

The area of study lies between 31 - 33
o
N and 25 - 34

o
E basin (Fig. 1). 

The vertical mean temperature of the upper 10 m layer is considered 

as sea surface temperature to reduce the diurnal variations. The monthly 

mean sea surface temperature (T) is calculated for each 1
o
x1

o
 grid (18 

grids, Fig. 1) for every month in the period from April 1948 to August 

2008 using the available historical WDC's A (Washington D C), B 

(Moscow) and Egyptian National Oceanographic Data Centre (ENODC) 

Data files. The mean monthly Sea surface temperature (T**) is obtained 

from the Climatological Atlas of the Mediterranean Sea (Maiyza et al., 

1993). The deviation from the mean (∆T) is computed and considered as 

monthly SSTA for every grid. 
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∆T = T - T** 

The mean monthly positive and negative SSTA through the 

investigated period are determined, from which the SSTA amplitudes are 

calculated using the following equation: 

Amplitude = {SSTA
+
} + {SSTA

-
} 

Results and Discussion 

Spatial and Temporal Distribution of SSTA 

The time distribution of the mean SSTA for the south eastern 

Mediterranean reveals a positive and negative anomalies cycles (Fig. 2). 

The period of these cycles varied from 9 to 15 years (Fig. 3). Generally, 

this cycle period coincides with the eleven years cycle of sun-spot 

activities (Maiyza, 1984) and/or Interannual to decadal scale variability 

(Levetus, 1995). From the mean positive and negative anomalies one can 

determine some considerable warm years; 1955, 1960, 1966, 1975, 1992 

and 1999 and some considerable cold years; 1950, 1953, 1973, 1980, 

1993 and 2002.  
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Fig. 2. Mean annual variation of SSTA of the South Eastern Mediterranean Sea. 

Fig. 3. The time distribution of the mean monthly SSTA of the South Eastern 

Mediterranean Sea. 
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The occurrence of SSTA is divided into bands. These bands and 

the percentage of occurrence of SSTA values are shown in Table 1. The 

normal positive and negative SSTA bands occupy 21.41%, 32.90% and 

45.69% of the investigated period respectively. The present percentage of 

normal band is considerably small compared to the previous one for the 

Eastern Mediterranean Basin (Maiyza,1984) and Western Mediterranean 

Basin (Saad, 1993) which were about 52%. This, may be due to the fact 

that, the present area is considerably shallower and more exposed to 

continental effect. 

Table. 1. The percentage of occurrence of SSTA bands. 

SSTA band (oC) Percentage of occurrence (%) 

<-2.0oC 17.75% 

-2.0 ≤ band ≥ -1.0 oC 18.02% 

-1.0 ≤ band ≥ -.05 oC 9.92% 

-0.5 ≤ band ≥ 0.5 oC (Normal) 21.41% 

0.5 ≤ band ≥ 1.0 oC 8.62% 

1.0 ≤ band ≥ 2.0 oC 12.79% 

band >2.0 oC 11.49% 

SSTA Structure 

a- With Time 

The monthly distribution of positive, negative and amplitude of 

SSTA are shown in Fig. 4. The negative SSTA is developed in January, 

June and November with maximum value during June (−5.4 
o
C). As for 

positive SSTA, there are another active periods from May to August and 

November. The maximum SSTA amplitude occurs in June, which 

coincided with negative and earlier than positive anomalies. The active 

period of the SSTA amplitude is extended between May and November. 

b- With Space 

For every 1
o
x1

o
 grid, the maximum, minimum and amplitude values 

of SSTA were determined over the study area under consideration. The 

horizontal distribution of the mean positive, negative, and amplitude of 

SSTA are shown in Fig. 5.  

Gulf of Sallum in the west (25.5
o
E) has the highest SSTA amplitude. 

Generally, the high amplitude lies close to land with inverse relation to 

the shelf width. The low amplitude is centered off the Nile Delta (30.5
o
E) 

characterized by very wide continental shelf. 
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Fig. 4. The monthly positive, negative and amplitude of SSTA. 

 

Fig. 5. Horizontal distribution of Positive (a), Negative (b) and Amplitude (c) of SSTA. 
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The positive SSTA is the highest in the Gulf of Sallum in the west 

and Burrullus in the centre decreasing seaward. In the north-east there is 

an area of high positive anomaly off Philistine. The two areas of low 

positive anomaly (<1.6
o
C; at 28

o
 and 32

o
 E) coincide with Mersa Matruh 

and Dammetta anticyclonic gyres (Abdel-Moati & Said, 1987 and Said & 

Karam, 1990). 

The negative SSTA is high in the above mentioned anticyclonic 

gyres besides the Gulf of Sallum, but the majority lies in the open sea. 

The Interannual variability of the anticyclones is the reason of the 

presence of negative active areas. This conclusion agrees with the results 

of Maiyza (1984) and Fedrouich (1985). 

Summery and Conclusions 

The hydrographic data were used to study the regular formation of 

SSTA and their evaluation in the South Eastern Mediterranean Sea in 

front of the northern Egyptian waters.  

Time distribution of SSTA values display both positive and negative 

cycles. The periods of these cycles fluctuated between 8 and 15 years. 

These cycles are nearly associated with the 11 year cycle of sunspots 

activities. Normal SSTA band occupies only 21.41%, while the positive 

and negative bands occupy 32.90% and 45.69%. The active period of the 

year is from June to August. The coastal areas are more active especially 

in the positive and amplitude bands due to the Interannual variations in 

coastal heating and cooling. The anti-cyclonic gyre areas are more active 

especially in the negative band due to Interannual variations in gyre 

strength. 

References 

Abdel-Moati A.R. and Said, M.A. (1987) Hydrographic structure of the Mediterranean shelf 

waters off the Egyptian coast during 1983-1986. Thlassographica 10: 23-39. 

Fedrouich L.A. (1985) Regular formation of large scale temperature anomalies of the surface 

layer in the northern Pacific Ocean. Ph. D. Thesis, Moscow Univ., 24p. 

Gerges M.A. (1978) Thermal structure of the continental shelf water off the Egyptian 

Mediterranean. Proceedings of the Fifth Conference "Ocean Thermal Energy Conversion 

(OTEC)". Miami, U.S.A. 

Heburn G.W. (1985) Effect of wind versus hydraulic forcing on the dynamics of the western 

Mediterranean Sea. Rapp. Comm. Int. Mer Medit., 29: 3. 



I. A. Maiyza, et al. 158 

Levitus S. (1995) Interannual to decadal scale variability of the world Ocean. IAPSO XXI 

General Assembly, Honolulu, Hawaii, USA, August 5-12, 1995). 

Maiyza I.A., Mohamed, E.E. and Badawi, H.K. (1993) Climatological Atlas of the 

Mediterranean Sea. Bull. Nat. Inst. Ocn. & Fish., A.R.E., 19: l-Vll. 

Maiyza I.A. (1984) Long term variation of water temperature in the eastern part of the 

Mediterranean sea. Ph. D. Thesis, Moscow Univ., 240p (in Russian). 

Maiyza I. A. (1986), On the peculiar hydrographic character of the Eastern Mediterranean Sea in 

warm and cold winters. Bull. Inst. Oceanogr. & Fish., A. R. E. 12: 291-299. 

Maiyza I.A., Mohamed, E.E., Saad, N.N. and Sharaf El-Din, S.H. (1995) Sea surface 

temperature anomalies in the western Mediterranean. IAPSO XXI General Assembly, 

Honolulu, Hawaii, USA, August 5-12, 1995). 

Marullo S., Santoleri, R., Guarracino, M., Buongiorno Nardelli, B. and Artale, V. (2007) Sea 

surface temperature trend of the last 125 years in the Mediterranean Sea: from daily to 

decadal variations. Rapp. Comm. Int. Mer Medit. 38: p. 169. 

Millot C. (2007) Interannual salinification of the Mediterranean inflow. Geophysical Research 

Letters,  3: LXXXXX, doi:10.1029/2007 GL031179. 

Morcos S.A. and Hassan, H.M. (1976) The water masses and circulation in the southeastern 

Mediterranean. Acta Adriatica, 18: 195-218. 

Saad N. N. (1993) An isopycnal and dynamical study of the different water strata in the western 

Mediterranean sea. Ph. D. Thesis, Alexandria Univ., 73p.  

Said M. A. and Karam, A.M. (1990) On the formation of the intermediate water masses off the 

Egyptian Mediterranean coast. Arch. Hydrobiol. 120: 111-122. 

Salat J. and Pascual, J. (2007) Climatological trend from 32 years of observations at L'Estartit 

station, near the Catalan coast (NW Mediterranean). Rapp. Comm. Int. Mer Medit. 38: 

p.196. 

 

 



Sea Surface Temperature Anomalies in the … 159 

 

������� 	
���� �
�
� ��
� ����  

� �������� 
���� �
� ����  

� ������	
���
 ��
� � �
�
	���� �
�� � 
�� �
�
��
��  

����� ��	���
���
���� ������ ���	�  � �� ������� ��
�   

��������. � ������  	    
��� 
������������ ����������  
����� 
��  
)����– ����	(  ��� ���  
�        ������� 
����! ������ ����!

  
�!"����#      "������ �!��� $�% &��� '   �*���� +!���� 	��, 
)"� -��# .�/ 0�o � 00o12��% 3"�� #  +��" �4 o �0�o 

15�%� .(    �� ������� ����� �!���� �5�  �� 
������� 
����    -���� 
��4 
�� 3        ���%�� "�%���� 
���� 
"���� ������� �78� #) �� 


��.( 9�  
��� ���        �8 
�������� 
������ 
���!�� ����� ���!# 
0�,��; � �4,��;  &������ <=/ .     "�%� 
��� ���9�  #=9�� ���!��

�����, ��   ��% -��,   
���� >  <�'?"�@.    AB�� �5�   $"���� -'
 C� -��������=9�����# 8  C� #"%�3     ��D��� &��� E�7� ���� +��"F 

�#-������ 
�5 .  
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2540 2540]
  /PageSize [612.000 792.000]
>> setpagedevice


