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ABSTRACT: The Ariake Sound is a highly productive estuary located in the western part of Japan. The decline in fisheries
and the frequent occurrence of red tides and hypoxia indicate a deterioration in the ecosystem of the sound. A change in tidal
currents, which is one of the possible causes of the deterioration, was investigated by numerical experiments. Two major
changes in the topography of the sound, which may have changed the tidal currents, are examined. These are the reclamation
in the innermost part of the sound and the construction of a dyke in a subembayment called Isahaya Bay. The numerical
experiments show that the reclamation caused the tidal currents to decrease by more than 10% over a large area in the
innermost part of the sound. The influence of the dyke on the tidal currents is relatively local compared to the reclamation;
the area where tidal currents significantly decrease is located mostly in the subembayment.

Introduction

Ariake Sound is a highly productive estuary
located in the western part of Japan (Fig. 1). It is
connected to another small basin (Tachibana Bay)
by a narrow strait (Hayasaki-seto) and includes the
small subembayment called Isahaya Bay. The sound
is strongly influenced by tidal currents and fresh-
water outflow and can be categorized in the gulf-
type region of freshwater influence (ROFI; Simpson
1997).

The Ariake Sound has shown a recent deteriora-
tion in its ecosystem. Hypoxia and red tides have
occurred more frequently since the 1990s, and have
caused serious damage to the fisheries. Two studies
suggest that the changes in the ecosystem in the
Ariake Sound started much earlier than this.
Analyses of bottom sediments revealed that the
dinocyst assemblage in the innermost part of the
Ariake Sound has been changing since the end of
the 1960s, which may indicate changes in primary
production (Matsuoka 2004). Catch of the shellfish
Ruditapes philippinarum, which is one of the com-
mercially important species in the Ariake Sound,
has decreased since the beginning of the 1980s
(Kikuchi 2000).

Tidal currents have profound effects on the
functioning of biological systems in the ROFI
(Mann 2000). Vertical mixing due to turbulence
in the water column caused by tidal currents is one
of the main mechanisms for mixing the water

column. Since the tidal range in the Ariake Sound
is very large (3–5 m), tidal currents play a pivotal
role in controlling the density stratification and
phytoplankton production since the basic mecha-
nism regulating production is the alternation of
vertical mixing with stratification in the water
column (Mann 2000).

During the last five decades, there were two major
changes in the topography of the Ariake Sound that
could have affected the tide and tidal currents. One
is the reclamation in the innermost part of the
sound that occurred from the 1960s to the mid
1970s; the other is the construction of a dyke in
Isahaya Bay that occurred in the 1990s (Fig. 1).
Since the longitudinal dimension of the Ariake
Sound (ca. 100 km) is much shorter than the
wavelength of barotropic tidal waves, the decrease
in the area of the sound could reduce the
amplitude of the tide as well as that of the tidal
currents.

Some numerical experiments have been con-
ducted in order to estimate the changes in tidal
currents due to the construction of the dyke (e.g.,
Tsukamoto and Yanagi 2002; Fujiwara et al. 2004).
No studies have been carried out on the changes in
tidal currents due to the effect of the reclamation.
This paper examines the influence of these changes
in topography on the tidal currents in the Ariake
Sound by numerical experiments. The main objec-
tive of this study is to assess the influence of the
reclamation on the tidal currents in the Ariake
Sound. Another objective is to compare the effect of
the dyke with that of the reclamation. No compara-
tive work has been carried out into the change in
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tidal currents due to the reclamation compared to
that due to the dyke.

Materials and Methods

DATA SOURCE

In order to evaluate changes in tidal currents due
to changes in bathymetry, we produced five model
bathymetries, the details of which will be described
later. The following data sets were used for pro-
ducing the model bathymetries. The bottom topog-
raphy data set J-EGG500 was used as the bottom
topography data for the 1990s. This was distributed
by the Japan Oceanographic Data Center (JODC).
The World Vector Shoreline database distributed
by National Oceanic and Atmospheric Administra-
tion (NOAA)/National Geophysical Data Center
(NGDC) was employed for the coastline data in the
1990s. The historical chart for the 1940s provided
by JODC was also used as the topographic data be-

fore the reclamation carried out in the 1960s. The
bathymetric chart for the 1940s was digitized in
order to produce the coastline and bottom topog-
raphy data sets for the 1940s.

Sea level data at three tide gauges in the Ariake
Sound, which were observed by the Japan Meteoro-
logical Agency (JMA) and distributed by the JODC,
were used for the comparison of model results with
observations. The locations of the gauges are
indicated by the squares in Fig. 1.

THE NUMERICAL MODEL

The numerical model used in this study is the
two-dimensional version of the Princeton Ocean
Model (Blumberg and Mellor 1987). In this study,
the model simulates the M2 tide and tidal currents,
which are predominant in the Ariake Sound. The
area enclosed by the dashed line in Fig. 1 shows the
domain of computation. The horizontal grid em-
ploys a curvilinear orthogonal system with a variable
resolution ranging from 350 to 1,170 m. For
specifying the bottom drag coefficient, we employ
Manning’s formula (e.g., Granger 1985), following
Tsukamoto and Yanagi (2002). This formula repro-
duces well the tidal currents in the Ariake Sound for
the 1980s and 1990s. The roughness coefficient is
set to 0.02 unless otherwise stated.

All of the model bathymetries used in this study
have been constructed with a grid generator called
Seagrid (Denham unpublished data). Seagrid uses
the conformal transformation for mapping the
curved perimeter to a rectangle, after which
a Poisson solver fills the interior with orthogonally
distributed grid points. Figure 2 shows the model’s
bathymetries during the 1940s and 1990s produced
with Seagrid and the difference in depth between
these bathymetries. For convenience, we refer to the
coastlines in the 1940s and 1990s as CL40 and CL90,
respectively. Also, the bottom topographies during
the 1940s and 1990s are referred to as BT40 and
BT90, respectively.

The tidal elevation at the mouth of Tachibana
Bay, which is indicated by the thick line in Fig. 1, is
provided as the open boundary condition for the
surface elevation. The tidal elevation is prescribed
as the sinusoidal variation of the surface elevation.
Since there are no tidal observations available on
the open boundary, the amplitude of the tide on
the open boundary was determined by a sensitivity
experiment.

SENSITIVITY EXPERIMENT AND MODEL EVALUATION

In order to determine the tidal amplitude on the
open boundary, a sensitivity experiment was con-
ducted. The model is compared with the tide and
tidal currents that occurred in 2001 since both tide

Fig. 1. Map showing the geographical location of the Ariake
Sound. The dotted and solid lines indicate the coastlines in the
1940s and 1990s, respectively. The area enclosed by the dashed
line shows the computational domain of the numerical model.
The thick line AB indicates the open boundary. The circles and
squares show the locations of the current meter moorings and
tide gauges, respectively.
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and tidal current data are available for that year.
The use of two statistically independent data sets is
indispensable to avoid overfitting the model. The
model uses the CL90 and BT90 and has a dyke in
Isahaya Bay so that the model simulates the tide and
tidal currents of 2001. The cost function, which is
used in this experiment to measure the model
misfit, is based on the error estimator used by Davies
et al. (1997) and is defined as

Hs ~
1

n

Xn
i ~ 1

HCið Þ2 z HSið Þ2
n o1=2

ð1Þ

where n is the number of tide gauges and

HC ~ hocos go
� �

{ hccos gc
� � ð2Þ

HS ~ hosin go
� �

{ hcsin gc
� � ð3Þ

ho and go are the observed amplitude and phase,
and hc and gc are computed at a given tide gauge.
The phase lag of the tide on the open boundary of
the model is assumed to be constant for simplicity
and set to 229 degrees, which is almost the same as
that used in Tsukamoto and Yanagi (2002). The
amplitude of the tide on the open boundary is
assumed to be uniform and is optimized by
computing Hs against many values of the amplitude.
The result of this experiment is also used for the
evaluation of the model performance in terms of
velocity.

EFFECT OF BATHYMETRY

In order to evaluate the changes in tidal currents
due to the changes in bathymetry, five model runs
with different model bathymetries (Runs 1–5) were
performed. Run 1 employs CL40 and BT40, and
Run 2 uses CL90 and BT90. Run 3 is the same as
Run 2, except that there is a dyke in Isahaya Bay.

Run 4 is the same as Run 1, except for the dyke.
Run 5 uses CL90 and BT40 and was conducted to
separate the effects of bottom and coastal topogra-
phies. Only the model bathymetry is changed
throughout the experiment; all of the model
parameters are the same as described earlier. The
boundary condition is the same among all of the
model runs. The tidal amplitude on the open
boundary is uniform and set to 0.78 m, which is
obtained by the sensitivity experiment, as illustrated
later.

Results

SENSITIVITY EXPERIMENT AND MODEL EVALUATION

Figure 3 shows the cost function as a function of
the tidal amplitude on the open boundary. The cost
function is smallest when the tidal amplitude is
0.78 m, indicating that the value of 0.78 m is near
optimal. The result is validated using the current
velocity data, which is statistically independent of
the tide data. The Hydrographic and Oceanograph-
ic Department of the Japan Coast Guard carried out
current measurements in May 2001 and computed
the harmonic constants of the tidal currents
(Odamaki et al. 2003). The locations of the current
meter moorings are shown in Fig. 1. The harmonic
constants of the M2 constituent obtained by the
numerical experiment were compared with those of
the observations in terms of the root mean square
(RMS) errors of the length of the semi-major axes
of the tidal ellipses, which indicate the maximum
tidal current velocity. Figure 3 also shows that the
RMS error is smallest when the tidal amplitude is
0.78 m. A tidal amplitude of 0.78 m once again
seems to be the best choice among the values
tested. Figure 3 shows that the RMS error of the
model is approximately 2.2 cm s21 when the ampli-
tude is 0.78 m.

Fig. 2. Model’s bathymetries in (left) the 1940s and (middle) 1990s, and (right) their difference in depth. Dashed line indicates the
location of the dyke.
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EFFECT OF BATHYMETRY

Figure 4 shows the ratio of the decrease in tidal
currents in terms of the length of the semi-major
axes of the tidal ellipses. Comparing Run 1 with Run
2, the areas with a large decrease in tidal currents
are found in a large area in the innermost part of
the sound. The ratio of the decrease in this area is
10–30%, except for the area closest to the coast.
Comparing Run 2 with Run 3, the area of large
decrease (.10%) is limited almost to Isahaya Bay,
but the semi-major axes are slightly shorter (5–10%)
in the middle part of the sound. The lower left
panel compares Run 1 with Run 4 and is similar to
the upper right panel. This indicates that the
construction of the dyke affects the tidal currents

mainly in Isahaya Bay, with or without the reclama-
tion around the innermost part of the sound. In
comparing Run 1 with Run 5, the tidal currents still
decrease in the innermost part of the sound. A
comparison of the upper left and lower right panels
show that the decrease in the tidal currents in the
innermost part of the sound is mainly caused by
changes in the coastal topography rather than the
bottom topography. The areas of negative decreas-
ing ratio, which indicate an increase in tidal
currents, are found in the upper left, but not in
the lower right panel. This indicates that the areas
of negative decrease in the ratio result from the
local changes in the bottom topography from the
1940s to the 1990s.

Discussion

MECHANISM OF THE DECREASE IN TIDAL CURRENTS

Since the tide in the Ariake Sound is primarily
a standing wave, the head of the sound acts as an
antinode of the tide, where the tidal current velocity
remains at zero. The amplitude of the tidal currents
may decrease near the head if the reclamation
changes the location of the head towards the
mouth. This can be demonstrated by a simple
analytical model of the cooscillating tide in a rect-
angular basin (Officer 1973). Taking the x-axis in
a longitudinal direction with the origin at the
mouth, the amplitude of the tidal currents in the
rectangular basin can be represented as:

Au ~
a0v

hk

sin k l { xð Þ½ �
cos kl

ð4Þ

where Au is the amplitude of the tidal currents, the
a0 is the tidal amplitude at the mouth, v is an
angular frequency of the tide, h is the depth, l is the
length of the basin, and k is the wave number. The
longitudinal variation of the amplitude of tidal
currents is represented by sin[k(1 2 x)]. Since this
term changes rapidly with x around the head, the
change in the location of the head leads to a large
change in the amplitude of the tidal currents in the
innermost part of the basin. When the length of the
basin decreases from l1 to l2 (l1 . l2 . 0), Eq. 4 gives
the ratio of decrease in the amplitude of the tidal
currents (Ru) as:

Ru ~ 1 {
cos kl1
cos kl2

sink l2 { xð Þ
sink l1 { xð Þ ð5Þ

In order to give the representative value for the
Ariake Sound, the depth of the basin and the tidal
period were set to 30 m and 12.42 h, respectively.
The corresponding value of k is 8.2 3 1026 m21, and
the ratio of the reduction in the length of the basin
is assumed to be 5%, i.e., l2 5 0.95 3 l1.

Fig. 3. (Upper) Dependence of the model error of the tidal
amplitude on the tidal amplitude on the open boundary. (Lower)
Dependence of the root-mean-square error of the tidal current
velocity on the tidal amplitude on the open boundary (g0).
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Figure 5 shows a variation of Ru as a function of
the dimensionless longitudinal coordinates and the
decreases in ratios sampled from the lower right
panel of Fig. 4 along the line in the lower panel of
Fig. 5. Ru is not so large from the mouth to the
middle part of the basin, but it increases rapidly
with x near the head as expected. The numerical
model results show good qualitatively agreement
with that of the analytical model, which indicate

that the change in the location of the antinode is
a fundamental mechanism of the decrease in tidal
currents in the innermost part of the Ariake Sound.

EFFECT OF LONG-TERM VARIATIONS OF TIDE, BOTTOM

ROUGHNESS, AND MEAN SEA LEVEL

There are three processes that might have caused
the long-term variation in tidal currents, other than

Fig. 4. Decrease in the length of the semi-major axis of the tidal ellipses in terms of percentage. The shaded area indicates the area
where the length of the semi-major axis decreases by more than 10%.
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the changes in bathymetry: changes in tides due to
a lunar nodal cycle, changes in bottom roughness,
and changes in mean sea level. We examined
whether these processes are important to tidal
currents compared to changes in bathymetry. The
lunar nodal cycle has a period of 18.6 yr, and might
have caused the long-term variations in tidal
currents in the Ariake Sound. The lunar nodal
cycle causes the amplitude of the M2 tide to vary by
approximately 6 4%. Studies suggest that the
median grain size of the bottom sediments around
the innermost part of the Ariake Sound has been
decreasing since the 1950s (Matsuoka unpublished
data), so the bottom roughness could be larger than
in the 1990s. Analysis of the sea level data around

the Ariake Sound reveals that the mean sea level has
increased by about 0.15 m since the 1970s (Tsuka-
moto and Yanagi 2002).

Additional model runs were conducted in order
to assess the effect of these processes on tidal
currents. Runs 1a and 1b are the same as Run 1
except for the tidal amplitude on the open
boundary and the roughness coefficient around
the innermost part of the sound. The tidal
amplitude on the open boundary is decreased by
4% in Runs 1a and 1b. The roughness coefficient on
the model grids north of 32u579N is increased to
0.025 and 0.03 in Runs 1a and b in order to model
the changes in the median grain size of the bottom
sediments in the innermost part of the sound.

Run 2a is the same as Run 2 except for the tidal
amplitude on the open boundary and mean sea
level. The tidal amplitude on the open boundary is
increased by 4%. The tidal amplitudes on the open
boundary have been increased so that the maximum
of the possible changes in the tides on the open
boundary is taken into account. Mean sea level is
increased by 0.15 m in Run 2a compared with Runs
1a and 1b in order to model the changes in mean
sea level.

Figure 6 shows the changes in tidal currents in
terms of the ratio of the decrease. The left panel
compares Run 1a with Run 2a, and the right panel
compares Run 1b with Run 2a. The overall pattern
of the decrease in the ratio in this figure is similar to
that in Fig. 4; the magnitude of the tidal currents
still decreases in the innermost part of the sound.
This result strongly suggests that tidal currents
decreased in the innermost part of the sound
during the 1940s to the 1990s and that the decrease
in tidal currents is primarily due to the reclamation.

INFLUENCE OF CHANGES IN TIDAL CURRENTS ON THE

DENSITY STRATIFICATION

Tidal stirring is one of the most energetic
mechanisms mixing the water column in the Ariake
Sound. The decrease in tidal currents may intensify
the density stratification, which may be of critical
importance in controlling biological processes. The
power available from the tidal stirring is propor-
tional to u3, where u is the amplitude of the tidal
currents (Simpson et al. 1978). The decrease in
tidal currents in the innermost part of the sound in
Fig. 4 ranges from 10% to 30%, except for the area
closest to the coast. The power available from the
stirring decreases to about 35–70%, which may
cause large changes in the density stratification
around the innermost part of the sound. This could
result in a significant effect on the biological
processes occurring there.

As stated earlier, the Ariake Sound can be
considered a gulf-type ROFI where the buoyancy is

Fig. 5. (Upper) Ratio of decrease in the amplitude of tidal
currents as a function of the dimensionless longitudinal co-
ordinate. Solid line shows the decrease in ratio obtained by the
analytical model. Dashed line shows the decrease in ratio sampled
from the lower right panel of Fig. 4 along the line in the lower
panel of this figure. (Lower) The line on which the decrease in
ratio computed by the numerical model is sampled.
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distributed horizontally by the local current system.
The main controls on the stratification in the ROFI
are tidal mixing, estuarine circulation, and tidal
straining (Simpson et al. 1990). The contribution of
the latter two depends on a local horizontal density
gradient and the vertical velocity profile, which
cannot be determined from external parameters
such as the much-used h/u3 criterion in the heating-
stirring competition (Simpson et al. 1990). They
must be determined by the internal dynamics in the
ROFI. As stated in the classical theory of Hansen
and Rattray (1965), the horizontal advection of
density as well as the vertical diffusion are important
in estuarine circulation, in contrast with the heat-
ing-stirring competition that is determined princi-
pally by the vertical energy balance.

The transversal current structure can dominate in
the gulf-type ROFI as well as the changes in the
vertical velocity profile (Wong 1994; Kasai et al.
2000). The horizontal distribution of the density
gradient and velocity profile can be complex since
circulation may vary considerably with a particular
topography (Simpson 1997).

The use of a three-dimensional numerical model,
which can deal with the inherent complexity in
determining density stratification, would be of great
help in understanding the influence of the change in
tidal currents on the intensity of stratification. The
numerical experiment with a three-dimensional mod-
el is underway in order to assess the changes in density
stratification due to the changes in tidal currents.

Conclusions

The findings of the numerical experiments show
that the reclamation has decreased by more than
10% the tidal currents over a large area in the
innermost part of the Ariake Sound. The effects of
long-term variations of tide, bottom roughness, and
mean sea level were also been examined and did
not significantly change the overall horizontal
pattern of the decrease in tidal currents. The
reclamation is the dominant reason for changes in
tidal currents in this region. It was observed that the
dyke constructed in Isahaya Bay plays a significant
role in decreasing the tidal currents in Isahaya Bay.
The influence of the dyke was local compared to the
reclamation, contributing less than 5% to the
decrease in tidal currents in the innermost part of
the sound. Since a 10% decrease in tidal currents
due to the reclamation corresponds to an approx-
imately 30% reduction in the power available to mix
the water column, any significant change in tidal
currents due to the reclamation could have a large
effect on the biological processes occurring there.
The effects of the changes in tidal currents on the
biological processes taking place in this area have
not been fully understood, and need extensive
investigations to bridge this gap.

ACKNOWLEDGMENTS

This study was inspired by the remarks by Prof. Kazuo Nadaoka,
who pointed out the necessity to investigate the relation between
long-term changes in bathymetry and tidal currents. The authors

Fig. 6. Same as Fig. 4, except that (left) compares Run 1a with Run 2a and (right) compares Run 1b with Run 2a.

Tidal Current Changes Due to Reclamation 651



would like to thank the JMA and JODC for providing the sea level
data. The authors also wish to thank JODC for providing the
bathymetry data and thank NOAA/NGDC for providing the
coastline data. This study was funded by a Grant-in-Aid for
Scientific Research of the Ministry of Education, Culture, Sports,
Science and Technology and the Pro Natura Foundation, Japan.

LITERATURE CITED

BLUMBERG, A. F. AND G. L. MELLOR. 1987. A description of a three-
dimensional coastal ocean circulation model, p. 1–16. In N.
Heaps (ed.), Three-dimensional Coastal Ocean Models, Vo-
lume 4. American Geophysical Union, Washington, D.C.

DAVIES, A. M., S. C. M. KWONG, AND R. A. FLATHER. 1997.
Formulation of a variable-function three-dimensional model,
with application to the M2 and M4 tide on the north-west
European continental shelf. Continental Shelf Research 17:165–
204.

FUJIWARA, T., Y. KYOZUKA, AND T. HAMADA. 2004. Decrease in tide
and tidal current in Ariake Bay. Oceanography in Japan 13:403–
411.

GRANGER, R. A. 1985. Fluid Mechanics, 1st edition. Holt, Rinehart,
and Winston, New York.

HANSEN, D. V. AND M. RATTRAY JR. 1965. Gravitational circulation
in straits and estuaries. Journal of Marine Research 23:104–122.

KASAI, A., A. E. HILL, T. FUJIWARA, AND J. H. SIMPSON. 2000. Effect
of the Earth’s rotation on the circulation in regions of fresh-
water influence. Journal of Geophysical Research 105:16961–16969.

KIKUCHI, T. 2000. Significance of conservation on the tidal-flat to
shallow water system, p. 306–317. In T. Sato (ed.), Life in Ariake
Sea: Biodiversity in Tidal Flats and Estuaries. Kaiyu-sha, Tokyo,
Japan.

MANN, K. H. 2000. Ecology of Coastal Waters with Implications for
Management, 2nd edition. Blackwell Science, Malden, Massa-
chusetts.

MATSUOKA, K. 2004. Changes in the aquatic environment of
Isahaya Bay, Ariake Sound, West Japan: From the view point of
dinoflagellate cyst assemblage. Bulletin on Coastal Oceanography
42:55–59.

ODAMAKI, M., Y. OONIWA, AND N. SHIBATA. 2003. Comparative tidal
current observation in Ariake Bay with the previous results.
Report of Hydrographic and Oceanographic Researches
No. 39. Japan Coast Guard, Tokyo, Japan.

OFFICER, C. B. 1973. Physical Oceanography of Estuaries (and
Associated Coastal Waters), 1st edition. John Wiley and Sons,
New York.

SIMPSON, J. H. 1997. Physical processes in the ROFI regime. Journal
of Marine Systems 12:3–15.

SIMPSON, J. H., C. M. ALLEN, AND N. C. G. MORRIS. 1978. Fronts on
the continental shelf. Journal of Geophysical Research 83:4607–
4614.

SIMPSON, J. H., J. BROWN, J. MATTHEWS, AND G. ALLEN. 1990. Tidal
straining, density currents, and stirring in the control of
estuarine stratification. Estuaries 13:125–132.

TSUKAMOTO, H. AND T. YANAGI. 2002. Tide and tidal currents in
Ariake Bay. Journal of the Marine Meteorological Society 78:31–38.

WONG, K.-C. 1994. On the nature of transverse variability in
a coastal plain estuary. Journal of Geophysical Research 99:14209–
14222.

SOURCE OF UNPUBLISHED MATERIALS

DENHAM, C. R. Seagrid orthogonal grid maker for Matlab. U.S.
Geological Survey, 384 Woods Hole Road, Woods Hole,
Massachusetts 02543. http://woodshole.er.usgs.gov/staffpages/
cdenham/public_html/seagrid/seagrid.html

Received, May 31, 2005
Revised, November 17, 2005
Accepted, March 30, 2006

652 A. Manda and K. Matsuoka



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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 true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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 0.76
    /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 true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


