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Summertime precipitation variability over Europe and its
links to atmospheric dynamics and evaporation
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[1] Gridded monthly precipitation data for 1979–2006 from the Global Precipitation
Climatology Project are used to investigate interannual summer precipitation variability
over Europe and its links to regional atmospheric circulation and evaporation. The first
empirical orthogonal function (EOF) mode of European precipitation, explaining
17.2%–22.8% of its total variance, is stable during the summer season and is associated
with the North Atlantic Oscillation. The spatial‐temporal structure of the second EOF
mode is less stable and shows month‐to‐month variations during the summer season. This
mode is linked to the Scandinavian teleconnection pattern. Analysis of links between
leading EOF modes of regional precipitation and evaporation has revealed a significant
link between precipitation and evaporation from the European land surface, thus,
indicating an important role of the local processes in summertime precipitation variability
over Europe. Weaker, but statistically significant links have been found for evaporation
from the surface of the Mediterranean and Baltic Seas. Finally, in contrast to winter,
no significant links have been revealed between European precipitation and evaporation in
the North Atlantic during the summer season.
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1. Introduction

[2] Variability of precipitation in the European region
on a variety of time scales substantially impacts human
activities. Climate anomalies associated with deficient/
excessive precipitation may lead to serious social and eco-
nomic consequences. Recently, there were several examples
of such climate anomalies in different parts of Europe
that resulted in significant damage to regional economies
[e.g., Christensen and Christensen, 2003; Schär et al., 2004;
Marsh and Hannaford, 2007; Blackburn et al., 2008,
Lenderink et al., 2009]. Many regional climate extremes
occur during summer. One of the most recent examples of
such extremes is the anomalously high precipitation over
Great Britain during summer 2007, and this resulted in
extensive flooding across England and Wales [Marsh and
Hannaford, 2007; Blackburn et al., 2008]. Nevertheless,
compared to winter, significantly less attention has been
given to analysis of the European climate variability during
the summer season [e.g., Colman and Davey, 1999; Hurrell
and Folland, 2002; Zveryaev, 2004; Zolina et al., 2008]. In
general, summertime climate variability in the European
region is not well studied or understood. Moreover, pre-
dictability of the climate in midlatitudes for the summer

season shows generally lower skill than that for the winter
season [e.g., Colman and Davey, 1999; Dirmeyer et al.,
2003; Koenigk and Mikolajewicz, 2008]. In particular, on
the basis of analysis of the North Atlantic sea surface tem-
perature anomalies, Colman and Davey [1999] found quite
low skills of statistical predictability of European climate
during summer. Therefore, to improve prediction of regional
climate and its extremes, particularly for the warm season,
further analysis of the processes driving European climate
variability is necessary.
[3] In contrast to winter, when European precipitation

variability is mostly driven by the North Atlantic Oscillation
(NAO) [e.g.,Hurrell, 1995;Qian et al., 2000;Zveryaev, 2006],
mechanisms driving interannual variability of regional pre-
cipitation during summer are more complex and are not well
understood. In summer, when the role of atmospheric
moisture advection in precipitation variability is diminished,
the role of the local land surface processes increases
[Trenberth, 1999]. Some studies point to the importance of
land surface processes in summer precipitation variability
[Koster and Suarez, 1995; Schär et al., 1999; Seneviratne et
al., 2006], whereas other works highlight the role of the
summer atmospheric circulation [Pal et al., 2004; Koster et
al., 2004; Ogi et al., 2005]. Although the above mechanisms
are not mutually exclusive, there is a high degree of
uncertainty regarding their role in summer precipitation
variability in the Northern Hemisphere extratropics and
particularly over Europe.
[4] The present study focuses on the analysis of the

summer precipitation variability over Europe on an inter-

1P.P. Shirshov Institute of Oceanology, RAS, Moscow, Russia.
2Department of Meteorology, University of Reading, Reading, UK.

Copyright 2010 by the American Geophysical Union.
0148‐0227/10/2008JD011213

JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 115, D12102, doi:10.1029/2008JD011213, 2010

D12102 1 of 12

http://dx.doi.org/10.1029/2008JD011213


annual time scale and on the links between this variability
and regimes of the atmospheric circulation in the Atlantic‐
European sector. While our recent studies [Zveryaev, 2004;
2006] highlighted seasonal differences in precipitation var-
iability over Europe and were based on analysis of seasonal
mean precipitation, the present study examines summer
season evolution of the leading modes of regional precipi-
tation. In other words, we address the question of how stable
are the leading modes of summer season precipitation, a
highly variable (both in time and space) climate parameter.
We also examine stability of the links between the leading
modes of regional precipitation and regimes of atmospheric
circulation during summer season. Note, our recent analysis
[Zveryaev, 2006, 2009] revealed significant interdecadal
changes in such links. Furthermore, we investigate con-
nection between European precipitation and evaporation
from the surface of the North Atlantic Ocean, the Mediter-
ranean and Baltic seas, and from the European land surface.
We analyze variability of precipitation over Europe on the
basis of data available from the Global Precipitation Cli-
matology Project (GPCP) data set for 1979–2006 [Huffman
et al., 1997; Adler et al., 2003]. In order to get more detailed
information on the summer precipitation variability and to
examine stability of the leading modes of precipitation
during the summer season, we performed analysis for
summer seasonal mean precipitation as well as separate
analyses for each summer month. The paper is organized as
follows. The data used and the analysis methods are
described in section 2. Spatial‐temporal structure of the
leading modes of the summer seasonal and monthly mean
precipitation variability for 1979–2006 and their links to
regional atmospheric circulation are analyzed in section 3.
In section 4, we explore links between regional precipitation
and evaporation during summer season. Finally, summary
and discussion are presented in section 5.

2. Data and Methods

[5] We employed monthly mean global precipitation data
(2.5° × 2.5° latitude‐longitude grid) from the Version‐2 of
the GPCP data set for 1979–2006 [Huffman et al., 1997;
Adler et al., 2003]. The GPCP data set represents a com-
bination of gauge observations and satellite estimates. There
were several reasons to choose this data set. First (and most
important), since the European climate experiences signifi-
cant interdecadal and longer trend‐like changes, in the
present study, we were interested in characterizing interan-
nual variability during the most recent climate period,
thought to be the warmest since the beginning of instru-
mental observations [e.g., Trenberth et al., 2007]. Perma-
nently updated GPCP data provide more up‐to‐date
information compared to the Climatic Research Unit (CRU)
data set [New et al., 1999; Mitchell and Jones, 2005] which
has finer spatial resolution but is not so regularly updated.
Moreover, it was shown that for the European region, there
is reasonably good agreement between satellite‐based pre-
cipitation products and the CRU data set [e.g., Zveryaev,
2004]. Note the data quality over oceanic/marine regions
in the GPCP data set is somewhat lower (compared to the
land areas) since it is based exclusively on satellite esti-
mates. In the present study the domain of analysis is limited
to latitudes 30°N–75°N and longitudes 15°W–52.5°E.

[6] In this study we also used evaporation data from the
Woods Hole Oceanographic Institution (WHOI) data set [Yu
and Weller, 2007]. In contrast to other flux products con-
structed from one single data source, this data set is deter-
mined by objectively blending the data sources from
satellite and numerical weather prediction model outputs
while using in situ observations to assign the weights [Yu et
al., 2004; Yu and Weller, 2007]. The WHOI data set pro-
vides evaporation data (1° × 1° latitude‐longitude grid) over
the global oceans for 1958–2006. Detailed description of the
data and the synthesis procedure is given by Yu and Weller
[2007] and can be found at the Web site http://oaflux.whoi.
edu. Since observational data over land are rather scarce,
as a complementary data source on evaporation over the
land surface, we used data from the National Centers for
Environmental Prediction (NCEP)/National Center for
Atmospheric Research (NCAR) Reanalysis for 1979–2006
[Kalnay et al., 1996]. These data are diagnostic outputs from
6‐hourly forecasts produced by a numerical weather pre-
diction model in data assimilation mode. Since evaporation
is not directly assimilated, model bias may influence the
reliability of these fields, thereby, limiting the accuracy in
representing links between aspects of the regional water
cycle. It is recognized that the quality of precipitation data in
reanalyses is poor [e.g., Zolina et al., 2004]. Since precip-
itation influences soil moisture and land surface evapora-
tion, the quality of evaporation in reanalyses is also
questionable. It should be stressed that there is a relaxation
to a seasonal climatology term in the reanalysis surface
water equation [e.g., Roads et al., 1999]. The reason for
this artificial source of water is that preliminary experiments
showed that the reanalysis surface water would have drifted
and would have negatively impacted other near‐surface
and atmospheric variables, in particular, precipitation. Thus,
the reanalysis is being forced toward climatology that is
somewhat inconsistent with its land surface parameteriza-
tion. We nevertheless hope to obtain reasonable qualitative
assessments of these links within the degree of uncertainty
provided by the reanalysis product.
[7] To assess the links between variability of European

precipitation and regional atmospheric circulation, we use
indices of the major teleconnection patterns that have been
documented and described by Barnston and Livezey [1987].
In our analysis along with links to the NAO, we examine
links to such teleconnections as the East Atlantic pattern,
East Atlantic‐West Russia (EAWR) pattern, and Scandina-
vian (SCA) pattern, which can also affect European pre-
cipitation variability. The data cover the period 1950 to
present. Details on the teleconnection pattern calculation
procedures is given by Barnston and Livezey [1987] and at
the CPC Web site. To reveal the dynamical context of the
leading modes in precipitation variability, we used monthly
sea level pressure (SLP) and 500 hPa heights data from the
NCEP/NCAR Reanalysis for 1979–2006 [Kalnay et al.,
1996].
[8] We examine the spatial‐temporal structure of long‐

term variations in summer monthly and seasonal mean
precipitation over Europe by application of conventional
empirical orthogonal function (EOF) analysis [Wilks, 1995;
von Storch and Navarra, 1995]. To assess links to tele-
connections, we used standard correlation analysis. It should
be emphasized that statistical methods used imply that only
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linear relationships between different climate variables (and
mechanisms forming them) in European region are ad-
dressed in this study.

3. Leading Modes of the Summer Precipitation
Over Europe and Their Links to Atmospheric
Dynamics

[9] To reveal the leading modes of interannual variability
of precipitation over Europe during summer, we performed
the EOF analysis on time series of the summer (June–July–
August) mean and (separately) June, July, and August
monthly mean precipitation from the GPCP data set for the
period 1979–2006. The time series were linearly detrended,
and anomalies were weighted by the square root of cosine of
latitude [North et al., 1982]. As we earlier mentioned, the
motivation for the separate analyses of the monthly pre-
cipitation time series is based on our intention to examine
the stability of the leading EOF modes during the summer
season. We limit our analysis to consideration of the first
two EOF modes because each of the subsequent modes
explains less than 10% of the total precipitation variance and
because significant links between those modes of precipi-
tation variability and regimes of atmospheric circulation
have not been revealed. It should be noted that in August the
leading EOF modes of precipitation are not well separated
according to the North criteria [North et al., 1982]; however,
we include them into our consideration for the sake of
completeness of analysis. Spatial patterns of the first two
EOF modes of precipitation and time series of the
corresponding principal components (hereafter PC) are
shown, respectively, in Figures 1 and 2.
[10] The first EOF mode explains from 17.2% (in June) to

22.8% (in July) of the total variance of precipitation. The
respective spatial patterns (Figures 1a, 1c, 1e, and 1g),
characterized by a tripole‐like structure, depict three action
centers. The major action center extends from the British
Isles to a wide region around the Baltic Sea and further to
eastern Europe and European Russia. Two other centers of
opposite polarity are located to the south (i.e., over Medi-
terranean region) and north (i.e., over northern Scandinavia)
of the major action center (Figures 1a, 1c, 1e, and 1g).
Structurally, the obtained patterns are very similar to that of
the first EOF mode of the mean summer precipitation from
the CMAP data for 1979–2001 [Zveryaev, 2004]. We note
that the structure of the EOF‐1 patterns demonstrates evi-
dent persistence during the summer season. In other words,
structural changes from month to month are not significant,
albeit local (i.e., in action centers) changes in magnitudes of
variability are noticeable. It is worth noting that Casty et al.
[2007] obtained a similar pattern from analysis of a longer
(1766–2000) time series of summer seasonal mean precip-
itation over Europe. The PC‐1 (Figures 2a, 2c, 2e, and 2g),
displaying temporal behavior of this mode, demonstrates
evident correspondence with the NAO index in all consid-
ered months and in analysis of seasonal mean precipitation.
Moreover, high (and statistically significant according to the
Student’s t test [Bendat and Piersol, 1966]) correlations
between respective PCs and the NAO index (Table 1)
clearly indicate that during the entire summer season EOF‐1
of European precipitation is associated with the NAO. It
should be noted, however, that summer NAO is essentially

different (in terms of its spatial structure) from its winter
counterpart [Barnston and Livezey, 1987]. In particular,
location of the summer NAO action centers is quite different
[Wanner et al., 1997; Mächel et al., 1998; Portis et al.,
2001]. Hence, the NAO‐associated summer precipitation
patterns (Figures 1a, 1c, 1e, and 1g) are also principally
different from the winter dipole‐like patterns [e.g., Hurrell,
1995; Zveryaev, 2004].
[11] The second EOF mode of summer precipitation over

Europe accounts for 12.4%–15.3% of its total variance. The
spatial pattern of this mode (Figures 1b, 1d, 1f, and 1h) in
general represents a meridional dipole characterized by the
coherent precipitation variations over the northern part of
European Russia and Scandinavia and opposite variations
over the remaining part of Europe. In particular, the pattern
is well depicted in July (Figure 1f). However, in contrast
to the first EOF, there are evident month‐to‐month changes
in the structure of the second EOF mode. For example, in
June (Figure 1d), the largest loadings are observed over
western Europe and western Scandinavia, whereas in July
(Figure 1f), they are revealed over eastern Europe and
European Russia. In August (Figure 1h), the entire dipole
demonstrates zonal rather than meridional orientation.
Therefore, the second EOF mode of precipitation is less
stable during the summer season compared to the first
mode. Figures 2d, 2f, and 2h and results of correlation
analysis (Table 1) imply that this mode of European pre-
cipitation is driven mainly by the SCA teleconnection pat-
tern [Barnston and Livezey, 1987], consisting of the major
action center over Scandinavia, and minor action centers of
opposite polarity over western Europe and eastern Russia.
Note, however, the second EOF mode of summer mean
precipitation does not demonstrate a significant link to the
mean summer SCA index. A possible reason for this is
that the mean summer SCA index is defined not as a
respective EOF mode obtained from analysis of summer
mean 500 hPa geopotential heights (CPC does not provide
such seasonal indices) but as the average from the SCA
indices estimated for June, July, and August. Since inter-
annual behavior of these monthly indices is rather different
(Figures 2d, 2f, 2h), their average can hardly be viewed as
a representative parameter reflecting interannual variability
of summer mean atmospheric circulation.
[12] We further briefly analyze the leading EOF modes of

the SLP and 500 hPa fields in Atlantic‐European sector and
their links to European precipitation. Since there is general
consistency between leading EOF modes of precipitation
(and other considered climate variables) estimated for dif-
ferent summer months (and for the seasonal mean), and in
order to avoid repetition, we show relevant figures only for
July (central summer month). It should be stressed, how-
ever, that further analysis in this and next section was per-
formed for each summer month.
[13] The spatial patterns of the EOF‐1 of July 500 hPa

heights and SLP (Figures 3a and 3c) represent the summer
NAO and show a good agreement with the July NAO pat-
tern presented by Barnston and Livezey [1987]. The major
action center covers a large part of Europe (Figures 3a and
3c), and along with the respective pattern of July precipi-
tation (Figure 1e), suggests that an anticyclonic (cyclonic)
anomaly results in deficient (excessive) precipitation over a
large portion of Europe. The PCs of this mode (not shown)
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Figure 1. Spatial patterns (mm/d) of the first two EOF modes of the (a and b) summer mean, (c and d)
June, (e and f) July, and (g and h) August GPCP precipitation (1979–2006). Red (blue) color indicates
positive (negative) values.
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are strongly correlated to the July NAO index (0.73 and 0.49
for SLP and 500 hPa, respectively) and to PCs of the EOF‐1
of July precipitation (0.85 and 0.91 for SLP and 500 hPa).
[14] In July, the spatial patterns of the EOF‐2 of 500 hPa

and SLP (Figures 3b and 3d) are characterized by two
dominating action centers located over the northeastern
North Atlantic and over European Russia. Minor action
centers of opposite polarity over Scandinavia, Greenland,
and western North Atlantic are seen in the EOF‐2 pattern for
SLP (Figure 3d). Structurally, the obtained EOF‐2 patterns
are similar to the EAWR pattern obtained by Barnston and
Livezey [1987] and referred to as the Eurasia‐2 pattern in
their study. Respective PCs are significantly correlated to
the July EAWR index (0.74 and 0.72 for SLP and 500 hPa,
respectively) but not correlated to PCs of the second EOF

mode of July precipitation because latter, as shown above, is
associated with the Scandinavian teleconnection.
[15] Summarizing results of this section, we note that

during summer the first EOF mode of European precipita-
tion is stable (in terms of its month‐to‐month variations) and

Figure 2. Principal components of the first two EOF modes of the (a and b) summer mean, (c and d)
June, (e and f) July, and (g and h) August GPCP precipitation (1979–2006). Blue (green) curves depict
the NAO (SCA) index.

Table 1. Correlation Coefficients Between PC‐1 and PC‐2 of
Summer, June, July, and August Precipitation and Indices of
Teleconnection Patternsa

Summer June July August

PC‐1 PC‐2 PC‐1 PC‐2 PC‐1 PC‐2 PC‐1 PC‐2

NAO 0.67 0.14 0.68 0.48 0.50 −0.12 0.63 0.04
SCA 0.10 0.30 −0.16 0.76 −0.21 0.65 −0.26 0.49

aCoefficients, shown in bold, are statistically significant at the 95%
significance level.

ZVERYAEV AND ALLAN: PRECIPITATION VARIABILITY OVER EUROPE D12102D12102

5 of 12

















<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (ECI-RGB.icc)
  /CalCMYKProfile (Photoshop 5 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 <<
    /ENU ()
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


