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INTRODUCTION 
 

It is known that North Pacific Intermediate Water (NPIW), characterized by a salinity 
minimum at 26.8σθ, is a major water mass at the intermediate level of the North Pacific (e.g., 
Reid, 1965). Figure 1 shows the distribution of potential temperature on the 27.0σθ isopycnal 
surface in the North Pacific. Cold water seems to originate from the Sea of Okhotsk. High 
oxygen content (Talley, 1991) and high CFC concentration (Warner et al., 1996) also originate 
from the Sea of Okhotsk. These distributions suggest that the ventilation source of 
intermediate water in the North Pacific, including NPIW, is the Sea of Okhotsk. 

Then where is the specific region of the ventilation in the Sea of Okhotsk? Figure 2 shows 
the distributions of potential temperature and oxygen content on the 26.8σθ isopycnal surface 
in and around the Sea of Okhotsk. Cold and high oxygen water appears to originate from the 
northwestern shelf region, suggesting that the ventilation occurs there. Figure 3 shows the 
annual mean cumulative sea ice production calculated from the microwave ice information 
and heat budget (Ohshima et al., 2003). The northwestern shelf is found to be the far highest 
ice production region in the Sea of Okhotsk. Over the northwestern shelf, a large amount of 

 
 

Figure 1: Horizontal distribution of potential temperature on the 27.0σθ isopycnal surface in the 
North Pacific. 
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Figure 2: Horizontal distributions of (a) potential temperature (C) and (b) oxygen content (mL/L) on the 26.8σθ 
isopycnal surface in and around the Sea of Okhotsk. After Itoh et al. (2003). 

sea ice is produced due to severe winds from northeastern Eurasia in winter. The sea ice 
production leads to production of cold, oxygen-rich dense shelf water (DSW) with densities 
of up to 27.0σθ (Shcherbina et al., 2003). The DSW is transported southward (Fig. 2) into the 
intermediate layer of the deep Okhotsk basin in the southern Okhotsk Sea, and mixed with 
intermediate water coming from the North Pacific.This mixing forms the coldest, freshest and 
oxygen-richest water in the North Pacific in the density range of 26.8-27.4σθ (Talley, 1991), 
which is called Okhotsk Sea Mode Water (Yasuda, 1997) or Okhotsk Sea Intermediate Water 
(OSIW) (Itoh et al., 2003). The signal of OSIW extends downward to 27.4σθ owing to 
diapycnal mixing caused by strong tidal currents around the Kuril Straits (Wong et al., 1998). 

The OSIW outflows to the North Pacific through the Kuril Straits, mainly Bussol' 
Strait (Talley, 1991), and then mixes with East Kamchatska Current Water, which flows 
southwestward along the northern Kuril Islands, forming the Oyashio water. The Oyashio 
water extends to the intermediate layer, flowing southwestward along the Kuril Island chain 
as the western boundary current of the subarctic gyre. The Oyashio water reaches the 
confluence of the subtropical and subarctic gyres, and then part of the Oyashio water flows 
northeastward as the Subarctic Current (SAC), bounding the subarctic gyre on the south. 

In this study, through the trend analyses of temperature and oxygen in the intermediate 
water, we suggest that the weakening of ventilation (overturning) in the northwestern North 
Pacific during the past 50 years, caused by a decrease in sea ice production in the Sea of 
Okhotsk. 
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1. WARMING AND OXYGEN-DECREASE TRENDS 

 
For the trend analyses, we have used all available data of temperature, salinity and 

dissolved oxygen, taken from the World Ocean Database (WOD01), observational data 
obtained by the Japan-Russia-United States international joint study of the Sea of Okhotsk 
from 1998 to 2004, data archived by the Japan Oceanographic Data Center, and profiling float 
data obtained by the international Argo program from 2000 to 2004. After the quality control, 
a gridded dataset of potential temperature anomalies on isopycnal surfaces was then prepared 
for the period 1955-2004, and one of dissolved oxygen for the period 1960-2004.  

Figure 4a shows linear trend maps of intermediate water temperature on the 27.0σθ 
isopycnal surface for the last 50 years. Significant warming trends are observed in the 
northwestern North Pacific and the Sea of Okhotsk. The warming trend in these regions is 
most prominent at density 27.0σθ, and the largest warming area exists in the western part 
(47.5°-55°N, 145°-147.5°E) of the Sea of Okhotsk with an average of 0.68°C/50-yr. The 
warming trend at 27.0σθ seems to extend along the pathway of the OSIW. Climatology of the 
acceleration potential at 27.0σθ (Figure 4b) shows that the western subarctic gyre, which 
consists of the Oyashio and Subarctic Current (SAC), extends to the intermediate depth of 
27.0σθ. A significant warming trend is observed in the Oyashio and SAC regions, but not in 
the East Kamchatska Current region, i.e., upstream of the Sea of Okhotsk. Since the 
intermediate water masses in the Oyashio and SAC regions are largely affected by the OSIW 

 
Figure 3: Annual mean cumulative sea 
ice production, represented by the ice 
thickness (cm). Estimation is based on 
the sea ice information from the 
satellite microwave and heat budget 
calculation. After Ohshima et al. 
(2003). 
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(Yasuda, 1997), these results indicate that the warming trend in the northwestern North 
Pacific may be caused by advection of warmed OSIW. 

Figure 5a shows the time series of temperature anomalies at 27.0σθ for the Sea of 
Okhotsk, Oyashio and SAC regions (Figure 4b). A positive linear trend is the most significant 
feature in all three regions. The temperature has increased by 0.62±0.18°C (significant at 99% 
confidence interval) in the Sea of Okhotsk during the past 50 years from 1955 through 2004. 
The magnitude of the warming trend in the other two regions is about half of that.  

 
 
Figure 4: (a) Linear trends (colors in°C/50-yr) of potential temperature anomalies at density 
27.0σθ from 1955-2004 in the northwestern North Pacific. Large and small dots indicate grid 
boxes in which the linear trend is significant at the 95% and 90% confidence levels, respectively. 
White color indicates the grid boxes where yearly temperature anomalies are not available for 
more than 10 years throughout the respective periods. The significance of the linear trend 
estimate is based on a Student t distribution. (b) Map of acceleration potential (contours) at 
27.0σθ relative to 2000 dbar, derived from our dataset. Boundaries of the Sea of Okhotsk (blue), 
Oyashio (red), and SAC regions (green), for which area-averaged quantities are displayed in 
Figure 3, are indicated. Shading (yellow) indicates areas where the positive linear trend of 
potential temperature at 27.0σθ exceeds the 95% confidence level. After Nakanowatari et al. 
(2007). 
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We next examine the linear trend of dissolved oxygen content. For all three regions, 
significant negative trends are found (Figure 5b). Decreasing trend of dissolved oxygen 
content in the Oyashio is consistent with Ono et al. (2001). The decrease of dissolved oxygen 
is most prominent at 26.9-27.0σθ, where the warming trend is most prominent. At 27.0σθ, the 
linear trend in the Sea of Okhotsk is -0.58±0.34ml/l (significant at 95% confidence interval) 
for the past 45 years. The Oyashio and SAC regions have the value less than that for the Sea 
of Okhotsk. 

 
2. POSSIBLE SCENARIO 

 
It is shown that warming and oxygen-decreasing trends in the intermediate water are 

most prominent in the Sea of Okhotsk. Moreover, these trends appear to extend to the 
northwestern North Pacific along the pathway of the water mass originating from the Sea of 
Okhotsk. These facts suggest that trends in the northwestern North Pacific are due to 
preceding changes of water-mass properties in the Sea of Okhotsk. Intermediate water in the 
Sea of Okhotsk retains its cold and oxygen-rich properties by mixing with dense shelf water 
(DSW) associated with sea ice production in the coastal polynya of the northwestern shelf. 
The largest warming trend occurs in the western Sea of Okhotsk (Figure 4a), to which DSW is 
transported from the northwestern shelf (Fukamachi et al., 2004). Therefore, we suppose that 

 
 
Figure 5: Time series of (a) potential temperature (°C) and (b) dissolved oxygen (ml/l) anomalies at 27.0σθ 
averaged over the Sea of Okhotsk (blue), Oyashio (red), and SAC (green) regions, respectively (see Figure 2 
for locations of these three areas). Closed circles show 5-yr averaged anomalies with errors at the 95% 
confidence interval for the 5-yr averages. Linear regression line for each time series is also indicated by a 
dashed line. Note that in panel a (b) 0.4°C (1.0 ml/l) and 0.8°C (2.0 ml/l) has been added to the time series for 
the Oyashio and SAC regions, respectively. After Nakanowatari et al. (2007). 



 20

the main cause of the warming and oxygen-decreasing trends is the weakening of DSW 
production. 

Although reliable estimation of DSW production is not yet available, there is some 
indirect evidence for a decrease trend in DSW production. Figure 6 shows the time series of 
surface air temperature anomaly in the cold season averaged over northeastern Eurasia, which 
is upwind of the Sea of Okhotsk; this air temperature can be an index of sea ice extent. This 
air temperature has increased considerably during the past 50 years (2.0±1.4°C/50-yr, 
significant at 99% confidence level). Sea ice extent in the Sea of Okhotsk derived from 
satellite measurements, which is highly correlated with this air temperature (r=-0.61, 
significant at 95% confidence level), has decreased (-9.2%/27-yr) (Figure 6). Although 
satellite measurements have only been available since the 1970's, visual observations at 
Hokkaido coast, located on the southern boundary of sea ice extent in the Sea of Okhotsk, 
show the decreasing trend of sea ice season length during the past 100 years (Aota, 1999). 
These trends of air temperature and sea ice season suggest that sea ice extent, accordingly sea 
ice production, have likely decreased during the past 50 years. During the current global 
warming, the surface air temperature anomaly in autumn and winter is particularly large over 
northeastern Eurasia (Serreze et al., 2000). The DSW production area of the northwestern 
shelf in the Sea of Okhotsk is located where the winter monsoon from northeastern Eurasia 
directly transports cold air masses. Therefore, intermediate water in the Sea of Okhotsk which 

 
 
Figure 6: Time series of surface air temperature anomaly in the cold season (October to 
March) and the linear trend over northeastern Eurasia (50°-65°N, 110°-140°E) from 1950 to 
2005 (solid and dashed lines, respectively), and the annual sea ice extent anomaly in the 
entire Okhotsk Sea from 1979 to 2005 (blue line). The scale of the sea ice extent anomaly is 
indicated on the right axis and inverted. The surface air temperature anomaly is derived 
from (Jones, 1994), and the sea ice extent anomaly is derived from the Met Office Hadley 
Centre's sea ice data set (Rayner et al., 2003). The surface air temperature anomaly with 
respect to the 27-yr average from 1979 to 2005 is shown for the benefit of comparison with 
the sea ice extent anomaly. After Nakanowatari et al. (2007). 
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is ventilated through DSW may be sensitive to the global warming. 
Recent studies suggest that OSIW has a significant role in material circulation of the 

intermediate layer in the North Pacific. (Hansell et al., 2002) indicated that dissolved organic 
carbons in NPIW originate from the Sea of Okhotsk. (Nakatsuka et al., 2004) showed that 
large amounts of dissolved and particulate organic carbons are exported from the highly 
productive northwestern shelf into the intermediate layer in the Sea of Okhotsk through the 
outflow of DSW. Moreover, recent observational data show that in the northwestern North 
Pacific, iron, which is an essential micronutrient for phytoplankton, may come from the 
intermediate water of the Sea of Okhotsk (Nishioka, 2004). The co-occurrence of warming 
and decrease in dissolved oxygen concentration in the northwestern North Pacific, originating 
from the Sea of Okhotsk, implies that overturning in the northwestern North Pacific has 
weakened in the sense of material cycle. Therefore, such a trend has a possibility of 
substantial impacts on the material cycle and biological productivity in the North Pacific. 

Figure 7 summarizes our proposal with schematics.  Because the Sea of Okhotsk is a 
sensitive area to the current global warming, production of sea ice and dense shelf water in 
the northwestern shelf has decreased during the past 50 years. This possibly causes a decrease 
in supply of iron in the intermediate layer in the Sea of Okhotsk and further in the North 
Pacific.  Finally, this might induce the decrease in primary biological production, fishery 
resources, and capacity of CO2 absorption. 

 
Figure 7: Schematics for impact of the Okhotsk Sea on the North Pacific through global warming. 
Thick letters indicate a fact evidenced by observations and analyses. Italic letters indicate a 
hypothesis. Larger number of question mark indicates larger uncertainty. 



 22

ACKNOWLEDGMENTS 
 

The Argo float data used in this study were collected and made freely available by the 
International Argo Project and the national programs that contributes to it. Part of the 
hydrographic data in the Okhotsk Sea were obtained under the cooperation with Far Eastern 
Regional Hydrometeorological Research Institute, Scripps Institute of Oceanography, and S. 
C. Riser of University of Washington. We wish to thank M. Itoh and K. Ono for data 
processing.  
 

REFERENCES 
 
Aota, M. (1999): Long-term tendencies of sea ice concentration and air temperature in the 

Okhotsk Sea coast of Hokkaido, PICES Sci. Rep., 12, 1-2. 
Fukamachi, Y., G. Mizuta, K. I. Ohshima, L. D. Talley, S. C. Riser, and M. Wakatsuchi (2004):  

Transport and modification processes of dense shelf water revealed by long-term 
moorings off Sakhalin in the Sea of Okhotsk, J. Geophys. Res., 109, C09S10, 
doi:10.1029/2003/JC001906. 

Hansell, D. A., C. A. Carlson, and Y. Suzuki (2002): Dissolved organic carbon export with 
North Pacific Intermediate Water formation, Global Biogeochem. Cycles, 16 (1), 1007, 
doi:10.1029/2000GB001361. 

Itoh, M., K. I. Ohshima, and M. Wakatsuchi (2003): Distribution and formation of Okhotsk 
Sea Intermediate Water: an analysis of isopycnal climatology data, J. Geophys. Res., 
108, 3258, doi:10.1029/2002JC001590. 

Jones P. D. (1994): Hemispheric surface air temperature variations: a reanalysis and an update 
to 1993, J. Climate, 7, 1794-1802. 

Nakanowatari T., K. I. Ohshima, M. Wakatsuchi: Warming and oxygen-decrease of 
intermediate water in the northwestern North Pacific, originating from the Sea of 
Okhotsk, 1955-2004. Geophys. Res. Lett., 34, doi:10.1029/2006GL028243 (in press) 

Nakatsuka T., T. Toda, K. Kawamura, and M. Wakatsuchi (2004): Dissolved and particulate 
organic carbon in the Sea of Okhotsk: Transport from continental shelf to ocean interior, 
J. Geophys. Res., 109, C09S14, doi:10.1029/2003JC001909. 

Nishioka J. (2004): Iron study in the Sea of Okhotsk: comparison to the subarctic Pacific, Rep. 
on Amur-Okhotsk project, 2, 103-109.   

Ohshima, K. I., T. Watanabe, and S. Nihashi (2003): Surface heat budget of the Sea of 
Okhotsk during 1987-2001 and the role of sea ice on it, J. Meteor. Soc. Japan, 81, 
653-677. 

Ono, T., T. Midorikawa, Y. W. Watanabe, K. Tadokoro, and T. Saino (2001): Temporal 
increases of phosphate and apparent oxygen utilization in the surface waters of western 
subarctic Pacific from 1968 to 1998, Geophys, Res. Lett., 28, 3285-3288. 

Rayner, N. A., D. E. Parker, E. B. Horton, C. K. Folland, L. V. Alexander, and D. P. Rowell 
(2003): Global analyses of sea surface temperature, sea ice, and night marine air 
temperature since the late nineteenth century, J. Geophys. Res., 108, D14,4407, 



 23

doi:10.1029/2002JD002670. 
Reid, J. L. (1965): Intermediate water of the Pacific Ocean, Johns Hopkins Oceanogr. Stud., 2, 

85. 
Serreze M., et al. (2000): Observational evidence of recent change in the northern 

high-latitude environment, Climatic Change, 46, 159-207. 
Shcherbina A. Y., L. D. Talley, D. L. Rudnick (2003): Direct observations of North Pacific 

ventilation: brine rejection in the Okhotsk Sea, Science, 302, 1952-1955. 
Talley, L. D. (1991): An Okhotsk Sea water anomaly: implications for ventilation in the North 

Pacific, Deep Sea Res., Part A, 38, suppl., 171-190. 
Warner, M. J., J. L. Bullister, D. P. Wisegraver, R. H. Gammon, and R. F. Weiss (1996): 

Basin-wide distributions of chlorofluorocarbons CFC-11 and CFC-12 in the North Pacific,  
J. Geophys. Res., 103, 2849-2865. 

Wong, C. S., R. J. Matear, H. J. Freeland, F. A. Whitney, and A. S. Bychkov (1998): WOCE 
line P1W in the Sea of Okhotsk: 2. CFCs and the formation rate of intermediate water, J. 
Geophys. Res., 103, 15625-15642. 

Yasuda, I. (1997): The origin of the North Pacific Intermediate Water, J. Geophys. Res., 102, 
893-909. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


