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Air temperature and precipitation are key climatic
parameters, anomalies of which have a severe impact
on the life and activity of mankind. As an example of
such anomalies, we refer to the summer of 2002 when
prolonged draughts in central European Russia pro-
voked spacious and intense forest fires. A year later,
almost all western and central Europe suffered lack of
precipitation and extreme high air temperatures, result-
ing in catastrophic forest fires and an increase in the
death rate among inhabitants [1]. Successful prediction
of such climatic anomalies will allow us to reduce the
damage inflicted by them. In recent years, increasingly
greater attention has been given to study of seasonality
in climatic variations of different scales [2–5] and long-
period variability in characteristics of seasonal cycle
[6–9]. Multidirectional variations in different seasons
may indicate variations in the continental character of
climate, which may appear to be no less an important
climatic signal than variations in annual mean values of
various parameters.

Based on century-long observation data, we studied
the leading variation modes of the European climate in
the twentieth century with special emphasis on their
seasonal and nonstationary nature. We used data on the
air temperature and precipitation from the CRU05 data-
base [10]. The database was created in the Climatic
Research Unit, University of East Anglia. It comprises
monthly mean data for land with a latitude and longi-
tude resolution of 0.5

 

°

 

 for the period of 1901–2000.
Detailed information on the methods of the database
construction is presented in [10]. Data on the North
Atlantic Oscillation (NAO) index presented in [11] for
the period from 1900 to the present day were also used
in this work.

To study the spatiotemporal structure of covariabil-
ity of air temperature and precipitation, which is not
related to trend variations, we applied the so-called lin-
ear singular value decomposition (SVD) analysis,
which represents a modification of principal compo-
nents analysis and allows us to distinguish and study
basic modes of covariability of two climatic parame-
ters [12, 13]. We shall restrict our considerations only
to first SVD-modes, which describe the most part (from
45 to 73%) of covariability of air temperature and pre-
cipitation in Europe in each season. We also use stan-
dard correlation analysis and analysis of running corre-
lations for studying relationships with the main cli-
matic signal in the Atlantic–European sector (NAO).

The first SVD-mode for winter is characterized by
coherent variations in the air temperature over all of
Europe with maximal magnitudes in the Baltic Sea
region and minimal magnitudes over southern Europe
(Fig. 1, left panel). Corresponding variations in the pre-
cipitation field are characterized by a meridional dipole
with opposite variations of precipitation over northern
and southern Europe (Fig. 1, right panel). Both patterns
are typical for the positive NAO phase [11]. The asso-
ciation of the first SVD-mode of winter air temperature
and precipitation with NAO is confirmed by a high cor-
relation with its index (Table 1). In spring, the spatial
patterns of the first SVD-mode of the air temperature
(Fig. 1, left panel) and precipitation (Fig. 1, right panel)
are similar to patterns obtained for winter. However, the
area of maximal magnitudes of air temperature vari-
ability shifts to the central part of European Russia, and
maximal magnitudes are observed over Western
Europe. Spatial patterns of the first SVD-mode for the
summer air temperature and precipitation differ basi-
cally from the above-discussed patterns for winter and
spring. Variations in the temperature field related to this
mode are characterized by a zonal orientation of the
dipole with opposite temperature variations over West-
ern and Eastern Europe/European Russia (Fig. 1, left
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panel). A similar dipole (but with opposite signs of
anomalies) characterizes the variability of summer pre-
cipitation as well (Fig. 1, right panel). This mode

reflects local interrelations between the air temperature
and precipitation when, for instance, extremely high
temperatures (associated with anticyclone regimes of
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Fig. 1. 

 

Spatial patterns of the first SVD-mode for the air temperature and precipitation calculated for winter, spring, summer, and
autumn. Values are nondimensional. Positive (negative) values are shown in solid (dashed) line.
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the atmospheric circulation in summer) are accompa-
nied by a deficiency of precipitation. The correlation
analysis showed that the leading SVD-mode is not
associated with NAO in summer (Table 1). In autumn,
spatial patterns of the first SVD-mode of the air temper-
ature (Fig. 1, left panel) and precipitation (Fig. 1, right
panel) become similar to the winter and spring patterns.
The maximal variability of the temperature is observed
north of the Black Sea; the minimal variability, over the
Iberian Peninsula and Scandinavia (Fig. 1, left panel).
As in winter and spring, the spatial pattern of the first
SVD-mode for autumn precipitation represents the
meridional dipole (Fig. 1, right panel).

The contribution of the first SVD-mode to the gen-
eral covariability of the temperature and precipitation
over Europe considerably varies from season to season
(Table 2). The maximal contribution is observed in win-
ter (73.1%); the minimal contribution, in summer
(45.7%). Along with differences in the patterns men-
tioned above, this is one further manifestation of the
seasonal nature in principal components of the Euro-
pean climate. Correlations between the principal com-
ponents of the first SVD-mode for the temperature and
precipitation are high and vary from 0.71 in autumn to
0.78 in winter, not exhibiting substantial variation
between seasons (Table 2).

Since NAO represents the main climatic signal in
the Atlantic–European sector, which substantially gov-
erns principal components of the temperature and pre-

cipitation in the region [4, 11], we studied the stability
of links of these variations with NAO based on the anal-
ysis of running correlations between the principal com-
ponents of the above-considered first SVD-mode and
NAO index. We used a 21-yr running window. The sta-
tistical significance of the correlations obtained was
assessed by the Student criterion [14]. In winter, corre-
lations of the principal components of the temperature
and precipitation with the NAO index are high and statis-
tically significant for the entire twentieth century (Fig. 2).
They demonstrate a positive trend, which has grown
considerably since the late 1960s. This growth is
related both to the positive NAO trend [11] and to inten-
sification of global warming during the last few decades
[15]. In general, correlations for precipitation are con-
siderably higher than those for the air temperature.
Spring correlations demonstrate clear variability
between decades with high values in the first half of the
twentieth century and low values in the later period
(Fig. 2). In summer, correlations of the principal com-
ponents of the temperature and precipitation with the
NAO index are statistically insignificant throughout the
twentieth century (Fig. 2). Correlations for autumn
exhibit clear variability between decades (Fig. 2). High
correlations are observed in the first half of the twenti-
eth century for both precipitation and air temperature.
Correlations with the NAO index for precipitation are
insignificant in the second half of the twentieth century.
Correlations for the temperature are statistically insig-
nificant in the 1950s, significant from the mid-1960s to
the mid-1970s, and again insignificant later. It should
be noted that correlations of the temperature with the
NAO index are substantially higher than those for pre-
cipitation in the second half of the twentieth century.

The analysis of leading modes of covariability of the
temperature and precipitation over Europe revealed
their seasonal nature. Seasonality shows up both in the
structural difference of leading modes and in their rela-
tive contribution to the total covariability of the temper-
ature and precipitation. The weakening of the NAO role
and the consequent heat and moisture advection to the
European region at the transition from a cold season to
a warm season is a physical cause of the revealed dif-
ferences. In summer, the role of local processes
increases. The analysis of links with the NAO revealed
their essential nonstationary nature. The seasonal and
nonstationary nature of climatic variations is responsi-
ble for annual and more prolonged variations in charac-
teristics of the seasonal trend [6, 7]. Climatic periods
characterized by an increase or decrease in the NAO
influence on the temperature and precipitation variabil-
ity over Europe have been distinguished. Decrease in
the NAO influence may be accompanied by increase in
the role of other modes of atmospheric circulation. The
results of this study indicate that mechanisms of the for-
mation of the European climate and its variations have
changed substantially with time. Hence, when model-
ing and predicting the regional climate, even successful

 

Table 1. 

 

 Correlation coefficients (

 

R

 

) between the principal
components of the precipitation and air temperature of the
first SDV-mode and the NAO index

Season

 

R

 

Precipitation Temperature

Winter 0.90 0.76

Spring 0.55 0.50

Summer 0.12 0.27

Autumn 0.46 0.50

 

Table 2. 

 

 Contributions (%) of the first SDV-mode to the
common joint variability of the temperature and precipitation
and correlation coefficients (

 

R

 

) between the corresponding
principal components

Season SVD-1, %

 

R

 

Winter 73.1 0.78

Spring 61.3 0.74

Summer 45.7 0.76

Autumn 59.0 0.71



 

DOKLADY EARTH SCIENCES

 

    

 

Vol. 417

 

   

 

No. 8

 

   

 

2007

 

SEASONAL AND NONSTATIONARY NATURE 1215

 

prognostic schemes should periodically be revised and
refined.
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Fig. 2. 

 

Running coefficients of correlation between the principal components of the first SVD-mode and the NAO index. The solid
line shows correlations for the air temperature; the dashed line, for precipitation. The horizontal dashed line designates a signifi-
cance level of 95%.

 

1.0

0.8

0.6

0.4

0.8

0.6

0.4

0.2

0
0.6

0.4

0.2

0

–0.2

1.0

0.8

0.6

0.4

0.2

0
1900 1920 1940 1960 1980 2000 1900 1920 1940 1960 1980 2000

Winter Spring

Summer Autumn

 

R R



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


