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1. INTRODUCTION

It is known that the Indian Ocean sea surface
temperature (SST) anomaly shows the zonal dipole
pattern in fall (Hastenrath et al. 1993; Harrison and
Larkin 1998; Saji et al. 1999; Webster et al. 1999).
The development of this phenomenon, which is
called Indian Ocean Dipole mode (IOD), has the
deeply fixed on the calendar month; i.e., .the SST
anomaly in the equatorial eastern Indian Ocean
(EEIO) in May is enlarged both in magnitude and
space until September. (Saji et al. 1999; Annamalai
et al. 2003; Kajikawa et al. 2003) It tends to
disappear by the reversal of the SST anomaly in the
east by the end of the year. Saji et al. (1999) defined
the Dipole Mode Index (DMI) as the difference
between the SST anomalies in the east and the west
portion of the equatorial Indian Ocean for the proxy
of IOD.

It has been considered that the seasonal
development of IOD is strongly influenced by the
change of the atmospheric circulation (Li et al. 2002;
Hendon 2003; Shinoda et al. 2004; Lau and Nath
2004, Nagura and Konda 2007). The correlation
between the change of the SST anomaly in the EEIO
and the wind anomaly shows the good
correspondence suggesting the strong air-sea
coupling processes. On the other hand, some
studies suggest the important role of oceanic
processes such as the wave propagation or the
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coastal upwelling (Vinayachandran et al. 2002;
McClean et al. 2005; Sakova et al. 2006). These
studies seem to indicate the sea surface and the
oceanic process work on the generation of 10D
through the anomalous wind speed in the EEIO in
May.

However, the relative importance of individual
processes is not evaluated well. Previous studies
tends to compare the physical parameters with the
DMI by the spatial averaging in the eastern or the
western pole region defined by Saji et al.(1999).
They assume that the physical process causes the
change of the SST anomaly dominates everywhere
in the each pole. It is needed to evaluate temporal
and spatial changes of the SST anomalies in the DMI
region in detail in order to know which physical
process dominates the ocean temperature anomaly
in each pole.

For this analysis, the difficulty lies on the lack of
oceanic information such as the mixed layer depth.
The temperature profile in the EEIO in the air-sea
coupled model might give us the information about
the oceanic temperature profile affected by the
strong air-sea interaction. Shinoda et al. (2004)
analyzed an air-sea coupled model forced by the El
Nifio SST anomaly in the tropical Pacific. However,
the amplitude of the SST anomaly is much smaller
than the observation. It might be because of the
limitation of the one dimensional ocean model as it
can not reproduce the effect of the oceanic wave nor
the coastal upwelling at al.

Recently, a coupled data assimilation technique is
developed by Japan Agency for Marine-Earth
Science and Technology (JAMSTEC) K7 project
(Sugiura et al. 2008; Mochizuki et al. 2009). It is a



Figure 1: The east and the west poles for the
DMI in the equatorial Indian Ocean (squares).
The IX1 repeat XBT section is indicated by the
solid line between Java island and the
southwest coast of  Australia. The
northernmost point of the 1X1 (106E, 8S) used
for the point analysis is also shown by the red
circle (N1).
kind of comprehensive data set, which can

reproduce the physically consistent oceanic and

atmospheric data set, reflecting the coupling process.

In addition, the observation can give us a truth data
even if it does not sufficient in time and space. A ten
bathythermograph  (XBT)
observation during 1990s contains two typical 10D

years  expendable

events and can provide us the information of the
oceanic temperature profile almost every month
(Meyers 1996; Feng and Meyers 2001; Sakova et al.
2006).

In this paper, we will evaluate the relative
importance of the processes concerning the
generation and the development of 10D, by
considering results of observational and assimilated
data sets together. We will suggest that the coastal
upwelling mainly controls the occurrence of IOD and
that the contribution of the air-sea coupling process
is much weaker than we believed.

2. DATA

We use the observation of the ocean temperature of
10 years (1990-1999) of the World Ocean Circulation
Experiment (WOCE) repeat IX1 (XBT) section
between Java and Western Australia (Fig. 1). The
cruises of the section are almost one or two times a
month. As the frequency and the spatial gap of every
XBT deployments of the individual cruise is irregular,

we make the monthly data with 1 degree resolution
by the simple boxcar average. The sampling
frequency of the XBT data is tabulated in Table 1. In
addition, .we will use the monthly surface heat flux
data of the NCEP-NCAR reanalysis data set (Kalnay
et al. 1996) for the one dimensional heat budget
analysis using the XBT profile.

We define the temporal anomaly of the physical
parameters as the deviation from the mean annual
cycle from 1990 to 1999. The eastern and the
western pole region to compute the DMI is defined
as boxes in the EEIO (90°E - 110°E, 0° - 10°S) and
the equatorial western Indian Ocean (50°E - 70°E,
10°N - 10°S) according to Saji et al.(1999) (Fig. 1).
The DMI is defined as the difference between the
SST anomalies averaged in the eastern pole and the
western pole. IOD is considered to occur when the
DMI from September to November exceeds the
standard deviation of the mean annual cycle (0.39°C
in this study). The positive IOD occurs in 1991, 1994
and 1997, whereas the negative 10D does in 1992,
1996 and 1998 according to the definition. We
compute the composites of the positive and the
negative |ODs for the simplicity.

The oceanic and atmospheric data are obtained by
Coupled Four-Dimensional Variational analysis
system (Coupled 4D-VAR) developed by JAMSTEC
K7 project (Sugiura et al. 2008; Mochizuki et al.
2009). The data exists from January in 1990 to
December 1999. The monthly average ocean
temperature and the other oceanic and
meteorological parameters such as the wind and the
surface heat flux with one degree resolution are used

Table 1: 1X1 line sampling frequency from
1990 to 1999.
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for the analysis. The vertical resolution of the ocean
temperature near the sea surface is almost 10m.

Figure 3 shows composites of the temperature
anomaly cross section of the 4D-VAR system. It is
found that the temperature anomaly is well
reproduced in the Coupled 4D-VAR system. For
example, the temperature anomaly maximum below
the sea surface in July and November is quite similar,
although the amplitude is slightly weak possibly
because of the large diffusivity in the system. We
consider that the temperature data of the Coupled
4D-VAR system can be used for the analysis of the
10D development, judging from the agreement of the
temperature profile of the Coupled 4D-VAR system
with the XBT observation.

We will use the satellite-based SST data (Reynolds
et al. 2007) for an independent analysis of the
change of the SST anomaly in the EEIO.

3. HEAT BUDGET ANALYSIS BASED ON THE
XBT OBSERVATION

We will investigate the one dimensional heat budget
in the eastern pole of IOD as the early stage of the
development of IOD almost depends on the SST
anomaly in the eastern pole (Nagura and Konda
2007). The relationship between the ocean
temperature profile and the surface heat flux at the

northernmost point of the 1X1 (106°E, 8°S) near the
south coast of Java (N1) is analyzed using the XBT
data and the NCEP-NCAR reanalysis data set. This
point is selected because the composite of the
temperature cross section along IX1 shows that the
temperature anomaly is the maximum in the south
coast of Java (Fig. 2). Fig.2 also shows that the
temperature anomaly in the positive and the negative
IOD years is the largest in the thermocline depth of
about 100m below the sea surface.

One dimensional heat budget at N1 is diagnosed
using the XBT temperature profile and the surface
heat flux of the NCAR reanalysis data. The change
of the heat storage in the mixed layer is computed by
eq.(1),
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Figure 2: The composites of the
temperature anomaly cross section
(color) along the IX1 in a)
January-February, b) July-August
and c) November-December in the
positive dipole years. The vertical

axis shows the depth from the sea

b)

depth

surface to 200m. The horizontal
axis shows the latitude from 7°S to
20°S from the left to the right. The
blue (red) color indicates the
negative (positive) value with every
0.5°C intervals. The climatological

mean temperature is superimposed

<)

depth

by the contour. The interval of the
climatological temperature is 2 °C
with the thick line at 20 °C isotherm.
The composites in the negative
IOD years are shown in panels d),
e) and f).




a)

depth

b)

depth

c)

depth

C LatitudeC 9
Figure 3: Same as Figure 2 a to c except for
the temperature data derived from the
4D-VAR system instead of the observation.

the mixed layer is indicated by Qfiux and Qent
respectively.

The horizontal heat flux caused by the advection is
shown by Qadv. Tmid shows the temperature
averaged in the mixed layer, and H the mixed layer
depth. The density of the sea water (p) is assumed to
be 1.0x10° kgm'3, and the specific heat Cp to be
4.2x10° JKkg™. Dividing the first term in eq.(2) into
the mean annual cycle and the anomaly becomes
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The mean annual cycle is shown by the line over the
variables and the anomaly is by dashes. The sum of
terms A4(5), B4(5) and C4(5) in eq.4(5) indicates the
anomalous net heat transfer into the ocean mixed
layer. D4 indicates the contribution of the seasonal
change of the mixed layer depth to the annual
change of the mixed layer temperature. D5 indicates
the anomalous change of the heat storage due to the
anomaly of the mixed layer depth. The sum of E5
and F5 shows the contribution of the change rate of
the mixed layer depth.

Figure 4 shows contributions of the individual terms
in eq.(4) to the climatologically annual cycle of the
mixed layer temperature. The sum of B4 and C4, the
contribution of the entrainment and the advection, is
obtained as the residual of the other terms in eq.(4).
Fig. 4 clearly shows the climatology of the time
change of the mixed layer temperature is almost
attributable to the heat input at the sea surface. On

month

Figure 4: The term balance of eq.(4)
explaining the climatology of the change of
the mixed layer temperature anomaly at N1
(thick solid line). The terms A4 (solid line),
D4 (gray line), and the sum of B4 and C4
(broken line) in eq.(4) are also shown. The
time change is computed from the central
differences between three consecutive
values.



the other hand, the effect of the change of the mixed
layer depth, and therefore the heat content (D4) and
the sum of the advection and the entrainment
(B4+C4) are in balance after June. Before May, the
contribution of the entrainment and the advection
has an effect to weaken the thermal forcing at the
sea surface.

In contrast, the time change of the mixed layer
temperature anomaly in IOD vyears is mainly
dominated by the oceanic process while 10D is
developing. Figure 5 shows the composite of the

anomalous heat budget at the N1 according to eq.(5).

The solid line and the broken line are almost
balanced from May to July in the positive IOD year,
indicating the ocean mixed layer is anomalously
cooled by the oceanic processes such as the
advection, and the entrainment caused by the
seasonal and the anomalous changes of the mixed
layer depth. Surprisingly, the contribution of the
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Figure 5: The term balance of eq.(5) explaining
the time change of the mixed layer temperature
anomaly (thick solid line) in a) the positive and b)
the negative IOD years. The terms A5 (solid line),
D5 (dotted line), and the the sum of B5, C5, E5
and F5 (broken line) in eq.(5) are also shown.
The time change is computed from the central
differences between three consecutive values.

July

-1C +1C

Figure 6: The SST anomaly composite in (up)
June, (middle) July and (bottom) August in the
positive 10D years derived from the Reynolds
SST. The blue (red) color shows the negative
anomalv.

surface heat input is not only small but also in
opposite sign in June and July. After August, the
disappearance of the positive [OD might be
significantly affected by the surface warming.

The heat budget analysis at N1 (the south coast of
Java) shows that the surface heat flux has the
negative effect on the development of the 10D
pattern during spring and summer. Considering that
the maximum temperature anomaly is seen at the
depth of the thermocline (Fig. 2), the heat budget
analysis strongly suggests the dominant effect of the
coastal upwelling in the early stage of the
development of IOD in the coastal portion in the
eastern pole region.

Weather the SST anomaly at N1 can be a
representative of the eastern part of the DMI is
investigated by the relationship between the SST
anomaly at N1 and those in the other portions in the
eastern pole. Figure 6 shows the satellite-based SST
anomaly in the EEIO in the positive dipole years. The
evolution of the spatial distribution of the SST
anomaly shows that the SST anomaly at first



Figure 7: (a) The vertical velocity anomaly
(color) and the horizontal velocity field (arrows)
in May in the IOD years. The difference
between the positive and the negative dipole
years is drawn. (b) The wind speed anomaly
(color) and the wind vector (arrows) in May.
Red (blue) color indicates the positive
(negative) anomaly.

appears along the coast of Java and expands to the
offshore region. The maximum value is found along
the coast of Java. The spatial pattern indicates that
the SST anomaly caused by the coastal upwelling is
transferred to the offshore region. Possibly, the SST
anomaly along the south coast of Java dominates
that in the whole region of the eastern pole.

4. ANALYSIS USING COUPLED 4D-VAR DATA

As we showed that the SST anomaly in the eastern
pole region during the development of 10D has the
quite close relationship not with the surface heat flux
but with the coastal upwelling, we analyze the
oceanic temperature data obtained by the Coupled
4D-VAR system. Figure 7 (a) shows the upward
velocity anomaly in May averaged in the upper 50m
in the EEIO. The difference between the positive and
the negative IOD is displayed for the purpose of the
exaggeration of the spatial pattern. We can see the
strong upwelling along the coast of Java. It is found
that the upwelling is associated with the alongshore
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Figure 8: A Hovmdller diagram of the
temperature anomaly averaged in the upper
100m along 8°S from 1991 to 1999.

wind anomaly as shown in Fig.7 (b). A Hovmoller
analysis of the temperature anomaly shows the
westward propagation of the temperature anomaly
along the coast of Java is seen in both the SST and
the upper 100m temperature average in the phase
speed corresponding to the typical first baroclinic
Rossby wave (Fig. 8).

5. DISCUSSION

Results in preceding sections should indicate the
SST anomaly in the eastern pole region for the DMI
is attributable to the coastal upwelling and its
westward propagation due to the planetary wave.
The difference between the result in this study and
those in the previous studies should be discussed
here. The previous studies, which mentioned the
importance of the air-sea thermal coupling, are
based on the correlation analysis between the spatial
average of the DMI, the SST or the wind in the DMI
areas regardless of the variability in the east pole
area.

However, as we mentioned previously, there is a
difference of the dominant process to change the
SST anomaly between the coastal and offshore
regions. In the same way, there is a possibility that
strength of the air-sea coupling can change
according to the relationship between the SST and
the surface heat flux in the coastal and offshore
regions.

Panels (a) and (b) in Fig. 9 respectively show the
positive dipole composite of the net surface heat flux
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Figure 9: (top) Positive dipole composite of

the net surface heat flux and (bottom) the

time change of the SST anomaly in May. The

dashed circle indicates the region, where the

surface is cooled but the SST does not

change significantly.
derived by NCEP-NCAR reanalysis and the time
change of the SST in July. It is evident that the
surface heat flux anomaly is warming the sea
surface, while the SST is cooled along the coast of
Java. In contrast, the surface heat flux cools the sea
surface, while the SST is not changing in the month.
Taking into account of the southeasterly anomaly in
spring in the positive IOD years, the evaporative
cooling is enhanced in the offshore region because
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Figure 10: A Hovmdller diagram of the
temperature anomaly averaged in the upper
100m along 8°S from 1991 to 1999.

of the increase of the wind speed without the small
SST anomaly, while it is depressed because of the
negative SST anomaly making the air-sea
temperature difference small in the south Java coast.
There is a reversal of the air-sea interaction between
the coastal and the offshore regions.

Figure 10 shows the composite of the net surface
heat flux at the N1 and that averaged in the whole
eastern pole region. The variation of the surface flux
is almost attributable to that of the latent heat flux in
Fig. 10. Although the surface heat flux is positive
while the SST anomaly along the south coast of Java
is decreasing, the spatial average in the eastern pole
region virtually generate the negative heat flux at the
sea surface because of the negative heat flux in the
offshore region (Fig. 9). As a consequent, there is no
place where the sea and the atmosphere are
thermally coupled, in the DMI east pole region.
Averaging the physical parameters in the DMI
regions might be misleading in this case.

6. SUMMARY

We analyzed the temporal and spatial variation of
the thermal structure of the EEIO associated with
10D, mainly using the water temperature of 10 years
(1990-1999) of the WOCE repeat IX1 XBT section
between Java and Western Australia together with
the product of the air-sea coupled 4D-VAR system.
The temperature anomaly of the XBT section reveals
that the change in the subsurface ocean temperature
occurs earlier than that at the surface associated
with IOD. From May to August, a marked subsurface
temperature anomaly is also found as well as the
SST associated with the wind anomaly along the
Java coast. Heat budget analysis along 1X1 shows
that the surface heat flux does not dominate the
mixed layer temperature anomaly near the south
Java coast, but the change of the coastal upwelling
mainly controls it.

Coupled 4D-VAR reproduces the anomalous
upwelling velocity and the upward shift of the
thermocline depth, associated with the southeasterly
wind anomaly. Both surface and subsurface
temperature anomalies in the eastern pole region
seem to be transferred from the south Java coast



nearly at the speed of the first baroclinic Rossby
wave until the mature phase of I0D.

These results suggest that the change of the
upwelling along the south Java coast is probably the
most important sources of the surface 10D variability.

According to a regional analysis of the surface heat
flux anomaly, the relationship between the SST
anomaly and the surface heat flux anomaly is
reversed mainly because the anomalous decreasing
of the SST due to the oceanic process affects the
evaporation (latent heat flux) anomaly in the coastal
area more strongly than the strengthen of the wind
speed. Consequently, contribution of the surface
heat flux to the change of the ocean temperature,
and therefore the effect of the thermal coupling, is
weak everywhere in the eastern pole region
throughout the development of |OD. Apparently
close relationship between the SST and the surface
heat flux in the eastern pole region in previous works
might be attributed to the overall spatial averaging of
individual parameters in the eastern pole region.

The atmospheric response to the oceanic
processes proposed in this study is addressed in the
next study. Recently, Yuan and Liu (2009) reported
that the equatorial wave propagation is related to the
termination of 10D. The contribution of the remote
effect through the oceanic planetary wave is another
important problem.

Acknowledgments. WOCE |X1 XBT temperature
data set, maintained by Bureau of Meteorology,
Australia was obtained from Joint Australian Facility
for Ocean Observing Systems (JAFOOS). The data
used in this study have been obtained from the Data
Server of "Kyousei" category #7 (k7) of "RR2002:
Project for Sustainable Coexistence of Human,
Nature, and the Earth" sponsored by MEXT. This
study is supported by the Ministry of Education,
Culture, Sports, Science and Technology,
Grants-in-Aid for Scientific Research (C), 19540459,
2007.

REFERENCES
Annamalai, H., R. Murtugudde, J. Potemra, S.P. Xie,
P. Liu and B. Wang, 2003: Coupled dynamics

over the Indian Ocean: spring initiation of the
Zonal Mode, Deep-Sea Res. I, 50, 2305-2330.

Feng, M., and Meyers, G., 2003: Interannual
variability in the tropical Indian Ocean: a
two-year time-scale of Indian Ocean Dipole.
Deep Sea Research Part Il, 50, 2263-2284.

Harrison, D.E., and N.K. Larkin, 1998: EIl
Nifio-Southern ~ Oscillation = Sea  Surface
Temperature and Wind Anomalies, 1946-1993,
Rev. Geophys., 36,3, 353-399.

Hastenrath, S., A. Nicklis, and L. Greischar, 1993:
Atmospheric-Hydrospheric Mechanism of
Climate Anomalies in the Western Equatorial
Indian Ocean, J.
20,219--20,235.

Hendon, H.H., 2003:Indonesian Rainfall Variability:
Impacts of ENSO and Local Air-Sea Interaction,
J. Climate, 16, 1775--1790

Kajikawa, Y., T. Yasunari, and R. Kawamura, 2003:

Geophys. Res., 98,

The Role of the Local Hadley Circulation over
the Western Pacific on the Zonally Asymmetric
Anomalies over the Indian Ocean, J. Meteor.
Soc. Japan, 81, 259-276.

Kalnay, E., M. Kanamitsu, R. Kistler, W. Collins, D.
Deaven, L. Gandin, M. Iredell, S. Saha, G. White,
J. Woolen, Y. Zhu, M. Chelliah, W. Ebisuzaki, W.
Higgins, J. Janowiak, K.C. Mo, C. Ropelewski, J.
Wang, A. Leetmaa, R. Reynolds, R. Jenne, and
D. Joseph, 1996: The NCEP / NCAR 40-Year
Reanalysis Project, Bull. Amer. Meteor. Soc., 77,
437-471

Lau, N.-C., and M.J. Nath, 2004: Coupled GCM
Simulation of Atmosphere--Ocean Variability
Associated with Zonally Asymmetric SST
Changes in the Tropical Indian Ocean, J.
Climate, 17, No.2, 245—265.

Li, T., Y. Zhang, E. Lu, and D. Wang, 2002: Relative
role of dynamic and thermodynamic processes
in the development of the Indian Ocean dipole:
An OGCM diagnosis, Geophys. Res. Lett., 29,
2110, doi:10.1029/2002GL015789

McClean, J. L., D. P. Ivanova, and J. Sprintall, 2005:
Remote origins of interannual variability in the
Indonesian Throughflow region from data and a
global Parallel Ocean Program simulation, J.



Geophys. Res., 110, C10013,
doi:10.1029/2004JC002477.

Meyers, G., 1996: Variation of the Indonesian
throughflow and the EI Nino—Southern
Oscillation. J. Geophys. Res., 101, 12 255 —12
263.

Mochizuki, T., N. Sugiura, T. Awaji, and T. Toyoda,
2009: Toward a better modeling of seasonal
climate variations over the Indian ocean by
employing a 4D-VAR coupled data assimilation
approach, Mon. Wea. Rev..(submitted)

Nagura, M., and M. Konda, 2007: The Seasonal
Development of an SST Anomaly in the Indian
Ocean and lIts Relationship to ENSO. J. Climate,

20, 38-52.

Reynolds, R. W., T. M. Smith, C. Liu, D. B. Chelton, K.

S. Casey, and M. G. Schlax, 2007: Daily
high-resolution blended analyses for sea
surface temperature. J. Climate, 20, 5473-5496.

Sakova, I. V., Meyers, G, and Coleman, R., 2006:
Interannual variability in the Indian Ocean using
altimeter and IX1-expengable bathy
thermograph (XBT) data: Does the 18-month
signal exist?, Geophys. Res. Lett., 33, L20603,
doi:10.1029/2006GL027117.

Saji, N.H., B.N. Goswami, P.N. Vinayachandran, and
T. Yamagata, 1999: A dipole mode in the tropical
Indian Ocean, Nature, 401, No.6751, 360—363.

Shinoda, T., M. A. Alexander, and H. H. Hendon,
2004: Remote response of the Indian Ocean to
interannual SST variations in the tropical Pacific.
J. Climate, 17, 362-372.

Sugiura N, T. Awaji, S. Masuda, T. Mochizuki, T.
Toyoda, T. Miyama, H. Igarashi and Y. Ishikawa,
2008: Development of a four-dimensional
variational coupled data assimilation system for
enhanced analysis and prediction of seasonal to
interannual climate variations. J. Geophys. Res.,
113, C10017, DOI: 10.1029/2008JC004741.

Vinayachandran, P.N., lizuka, S., Yamagata, T.,
2002: Indian Ocean dipole mode events in an
Ocean General Circulation Model. Deep Sea
Res. I, 49, 1573-1596.

Webster, P.J., A.W. Moore, J.P. Loschnigg and R.R.
Leben, 1999: Coupled ocean-atmosphere

dynamics in the Indian ocean during 1997-98,
Nature, 401, 356—360.

Yuan, D. and H. Liu, 2009: Long wave dynamics of
sea level variations during Indian Ocean Dipole
events. J. Phys. Oceanogr., 39, doi:

10.1175/2008JP03900.1.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


