
Tidal and Subtidal Propagation in Two Atlantic Estuaries: Patos Lagoon (Brazil)
and Ria deAveiro Lagoon (Portugal)

INTRODUCTION

Coastal lagoons experience forcing from tides, river
discharge, wind stress, precipitation-evaporation balance, and
surface heat balance ( , 1994), and respond differently
to these forcing actions. Exchanges between lagoons and the
adjacent inner continental shelf are controlled by tidal and
subtidal oscillations. Tidal exchanges are continuous and
predictable as they are periodic, but subtidal processes are less
predictable as they are generated by meteorological forcing
over time scales on the order of days. Subtidal water level
fluctuations can be produced by non-local forcing (which
includes coastal sea-level changes due to changes in barometric
pressure and non-local wind), and local forcing (which includes
local wind stress and freshwater inflow). and
(1989) concluded that currents and water level fluctuations are
naturally attenuated in coastal lagoons characterized by a single
entrance channel.

The main purpose of this study is to estimate the attenuation
of tidal and subtidal oscillations throughout the access channel
of the Patos Lagoon and the main channels of Ria de Aveiro
Lagoon, in order to compare the propagation of these
oscillations in two coastal lagoons with different
characteristics.

atos and Ria de Aveiro are coastal lagoons located on the
southeast coast of Brazil (30-32 S, 50-52 W) and northwest
coast of Portugal (40º38'N, 8º45'W), respectively, and sheltered
from the Atlantic Ocean by complex coastal barrier systems
(Figure 1).

Ria de Aveiro is the most extensive coastal lagoon in
Portugal, and has a very irregular and complex geometry,
characterized by narrow channels and large areas of mud flats
and salt marshes. The morphology of the lagoon can be

described as an arborescent system of channels with a single
connection with the sea, which has a high longitudinal
development organized in four main branches radiating from
the sea entrance (Figure 1). The lagoon is 45 km long and 10 km
wide, covering an area of 83 km at high tide (spring tide), which
is reduced to 66 km at low tide. The average depth of the lagoon
is about 1 m, except in the navigation channels. The only
connection with the sea is through a 1.3 km long and 350 m wide
channel. Freshwater contributions come from two rivers, Antuã
(5 m s average flow) and Vouga (50 m s ) ( .,
1993; ., 1999). Tidal forcing controls the water
exchange between the lagoon and the ocean. Tides are semi-
diurnal with a small diurnal pattern and mean tidal range of
about 2.0 m ( ., 2000), reaching minimum and
maximum tidal ranges of 0.6 and 3.2 m, respectively, during
spring tide ( , 2001). Thus, Ria de Aveiro is classified as a
mesotidal lagoon ( , 1964).

The Patos Lagoon is the largest choked coastal lagoon in the
world ( , 1986). With a length of 250 km and average
width of 40 km, the lagoon has a surface area of 10,360 km , and
can be classified as a shallow lagoon since it has an average
depth of 5 m. Cells limited by shallow sand spits mark the
morphology of the lagoon, connected to the South Atlantic
Ocean through a 20 km long and less then 1 km wide single
inlet. The rivers that flow into the lagoon have a catchment area
of 201,626 km . They exhibit a typical mid-latitude flow pattern
(high discharge in late winter and early spring, and low to
moderate discharge through summer and autumn), with mean
annual freshwater contribution of 2000 m s . The lagoon is
microtidal and tides are mixed, mainly of the diurnal type, with
mean tidal amplitude of 0.47 m. The principal tidal constituent

(period 25.8h) has amplitude of 10.8 cm. Several
hydrodynamic studies carried out in the lagoon and in its
estuarine area during the last decade present a thorough
investigation of the main forces controlling the dynamics of the
sy
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Processes affecting the exchanges between lagoons and the adjacent inner continental shelf are controlled by tidal
and subtidal oscillations. Patos and Ria de Aveiro are coastal lagoons located on the southeast coast of Brazil and
northwest coast of Portugal, respectively. In the Patos Lagoon the tidal regime is micro-tidal and the local and non-
local wind forcing dominate the hydrodynamics, while in the Ria deAveiro lagoon tides are meso-tidal and represent
the main forcing. The main purpose of this study is to compare the propagation of tidal and subtidal oscillations
throughout the access channel of the Patos Lagoon and the main channels of Ria de Aveiro Lagoon. Predicted time
series of sea surface elevation (SSE) were obtained through modelling experiments for Patos Lagoon, while
measurements of SSE were carried out in several stations distributed along the main channels of the Ria de Aveiro
Lagoon, providing the data for this comparative study. The SSE time series were high-pass/low-pass filtered and the
propagation of tidal and subtidal oscillations was estimated for both lagoons by shifting from the time domain into
the frequency domain and applying spectral and cross-spectral analysis to the filtered SSE time series. Results
indicate that tidal and subtidal oscillations are differently attenuated in these lagoons due to the different local and
non-local forcing and to the morphology of the lagoons. This study also indicates that the proposed method is an
efficient and alternative way of estimating tidal and subtidal attenuation in both micro- and meso-tidal coastal
lagoons.
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1996; 2001). They observed that the dynamics of the system is
essentially dependent on the wind and on the freshwater
discharge.

The SSE data used for this comparative study of the
attenuation of tidal and subtidal oscillations in Patos and Ria de
Aveiro lagoons was obtained from modelling and field
experiments, respectively. Modelling experiments used to
study the attenuation of tidal and subtidal signals in the Patos
Lagoon estuary are presented in (In press).
Hourly SSE time series for Ria de Aveiro were measured
throughout the main channels in 1987 and 1988 by the Instituto
Hidrográfico, using temporary tide gauge stations (

, 1991).
The time series of SSE from stations located at the ocean

boundaries and at several stations throughout the Patos Lagoon
access channel and Ria de Aveiro main channels were high-
pass/low-pass filtered (Fast Fourier Transformation technique
FFT), considering a cut-off frequency of 0.0000093 Hz (30h),
in order to separate the high frequency signal (tidal oscillations)
and the low frequency signal (subtidal oscillations). Spectral
analysis (8 Hanning windows) was applied in time series of
SSE. The energy spectrum obtained with data from the ocean
boundary was used as a reference to compare with the energy
spectrum obtained throughout different stations. This
comparison provides an alternative way of estimating the
attenuation of the tidal and subtidal signals in different
frequencies as progressing landwards. The coherence and phase
between the signal at the ocean boundary and at different
stations inside the lagoon was studied by applying cross-
spectral analysis (8 Hanning windows) at the obtained high and
low frequency time series of SSE. This procedure was applied
in data from both lagoons, providing the base for the proposed

comparative study. . (In press) present more
details about this alternative method.

Figure 2 presents results from the spectral analysis carried
out with data from the station located at the mouth (column 1)
and throughout the main channels of the Ria de Aveiro lagoon
for concurrent periods (column 2), and the cross-spectrum,
coherence and phase spectra for the same data set decomposed
into tidal (column 3) and subtidal frequencies (column 4). The
overall results from the spectral analysis indicate that processes
at the semi-diurnal (SD) frequency dominate the tidal forcing at
the mouth of the lagoon (column 1), although diurnal (D) and
quarter-diurnal (QD) tidal frequencies also have to be
considered. The energy spectrum for stations located
throughout the main channels (column 2) present similar
patterns, although the energy associated with D and SD
frequencies is lower than at the mouth, showing that these tidal
oscillations are progressively attenuated as they propagate
landwards (this attenuation is quantified in Table 1). The energy
on QD frequencies for the stations is always higher than at the
mouth, indicating that these frequencies are amplified inside the
lagoon.

Results also indicate that subtidal processes are usually less
energetic than the tidal oscillations, except in situations of
extreme weather events, when the subtidal frequencies are
amplified along the channels. The data from Ovar and Cais do
Bico stations, for example, present high energy values at the low
frequencies because it was obtained during the occurrence of a
rare storm surge event observed at the Portuguese coast, which
had an amplitude of approximately 0.80 m. The high subtidal
energy observed at Rio Novo is explained by the rainy season.

The co-spectrum, coherence and phase spectra show that the
time series of water elevation measured at the mouth a
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Figure 1. The Ria deAveiro Lagoon (A) and Patos Lagoon (B), with the location of sea surface elevation stations used in this work.
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each station have a coherence level of almost 1 at the tidal
frequencies. At these frequencies the co-spectral density
function indicates that the oscillations at the mouth and at each
station are well correlated, in particular at the SD frequencies.
The coherence for Ovar, Cais do Bico and Rio Novo are also
almost 1 at the frequencies of interest. Results for Boco, and
particularly for Vagueira, however, show lower coherence,
although it is still above the 95% significant level.

Table 1 presents a summary of the tidal and subtidal
attenuation/amplification determined from spectral analysis
and the phase delay between the mouth and landward stations
obtained from cross-spectral analysis. Results show that the SD
and D frequencies are strongly attenuated from the mouth to the
far end of the channels, and that there is a significant phase
delay between the mouth and each station. These results are in
agreement with numerical results presented by
(2000) and (2001). They observed that the tidal amplitude
decreases and the phase lag increases from the mouth towards
the far end of the channels. Ria de Aveiro is a very shallow
lagoon with a very complex geometry and by these reasons

distortion occurs as the tidal wave propagates along the shallow
channels. The strong currents that develop in the shallow water
face resistance due to bottom friction, a process that removes
much of the propagating tidal energy, and reduces the wave
amplitude. Irregular channel lines and varying depths impose
multiple wave reflections and interactions that generate
multiple frequencies.

Results for the QD frequencies show that these frequencies
are highly amplified as the tide propagates along the Ria de
Aveiro channels and that there is a significant delay between the
mouth and each station. These results are consequence of the
complex geometry and shallowness of this lagoon. In these
conditions the tidal wave progression is modified by bottom
friction and multiple wave interactions due to reflection. The
resulting distortions are proportional to the square of the tidal
water level, determined by the SD and D dominating
frequencies, and are expressed as simple harmonic constituents
with frequencies corresponding to the four
( , 1987).

At subtidal frequencies, the pattern obtained for Ria de
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Figure 2. Spectrum and cross spectrum results for the Ria de Aveiro experiment. The vertical error bar in the spectrum indicates a 95 %
confidence level and the horizontal line in the coherence spectra indicates the 95% significance level.
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Aveiro is dictated by weather events. Standard conditions in the
lagoon present small river discharge and no effect of the non-
local wind on the behaviour of sea surface elevation. Thus,
small subtidal energy is observed at the mouth, being attenuated
along the lagoon channels, as shown for Vagueira and Boco. In
events of high river discharge, as observed for Rio Novo station,
the subtidal energy at the places located under the direct
influence of freshwater discharge (from Vouga river in this
case) is high. This subtidal energy is attenuated along
Espinheiro Channel, although presenting higher values at the
mouth than in standard conditions. Results for Ovar and Cais do
Bico, on the other hand, were obtained during the occurrence of
a rare storm surge at the Portuguese coast, and by this reason the
subtidal energy at the mouth is abnormally high. This long
period oscillation also propagates along Ria de Aveiro, being
largely amplified.

. (in press) discuss in detail the attenuation
of tidal and subtidal oscillations throughout the Patos Lagoon
estuary. Figure 3 illustrates the attenuation of the tidal signal in
the area during the summer (1992) obtained using spectral and
cross-spectral analysis.

The attenuation of the tidal signal is estimated based on the
comparison between the energy spectra obtained for the ocean
boundary (used as a reference, where the power spectral density
were 0.22, 0.075, 0.077, 0.325 at the diurnal, semi-diurnal,
quarter-diurnal, and long period frequencies, respectively) with
the energy spectrum obtained for the stations located
throughout the estuary. The overall results from the spectral
analysis (Figure 3, first column) indicate progressive
attenuation of the tidal signal in the lower estuary (until RG,
Figure 1), with the predominance of processes at the diurnal (D)
frequency. The tidal signal becomes negligible at MAR station
(Figure 1). The indication of a new pick in a higher frequency
confirms that the dynamics of the middle estuary is mainly
driven by the local forcing generated by the freshwater
discharge from the main lagoon and the local wind effect, being
fairly affected by the remote forcing.

Results also indicate that QD and SD oscillations are more
attenuated than the D oscillations. Table 1 illustrates this pattern
by presenting the calculated % of attenuation based on the ratio
between the spectral density function at the mouth and at
several stations throughout the Patos Lagoon estuary.

Results from the cross-spectral analysis presented in Figure
3 indicate that the time series of water elevation prescribed at
the mouth and the calculated elevations at CANA, and RG are in
phase and have a coherence level of almost 1 at all frequencies
of interest. Cross-spectral results for MAR presented very small
values of the co-spectrum with coherence values well below the
95 % significance level, indicating that the SSE time series at
the mouth is essentially uncorrelated to the modelled time series

at MAR (as indicated by the spectral results for this station).
Results for the subtidal frequency presented in Table 1 also

indicate a high correlation between the prescribed subtidal
signal at the mouth and the water elevation calculated for
CANA, CANB and RG, where the subtidal oscillations travel
without attenuation. On the landward stations (MAR and FEI)
however, the coherence decreases significantly (not shown),
indicating that the influence of the prescribed low frequency
oscillations in these areas is small. The phase spectra indicate
that the low frequency oscillations at the ocean boundary are out
of phase by 160 and 150 degrees from those at MAR and FEI,
suggesting the existence of a node in that area.
(2001) also observed that the upper estuary behaves as a nodal
point where the pressure gradient conditioned by the wind has
its sign changed, and the water elevation reaches its maximum
and minimum values.

The overall results for the Patos Lagoon clearly indicate that
the attenuation of the tidal and subtidal oscillations is strongly
related to the geomorphology of the system. The tidal and
subtidal signals are progressively attenuated in the lower
estuary, but once the system becomes wider and shallower, the
energy of the propagating tidal and subtidal signals are
significantly dissipated due to friction.

idal and subtidal oscillations are differently attenuated in
the Patos and Ria de Aveiro lagoons due to differences in the
local and non-local forcing and in the morphology of each
system. In the Patos Lagoon the tidal signals are progressively
attenuated throughout the access channel, and the subtidal
energy prescribed at the ocean boundary is stronger and
propagates further than the tidal energy. For Ria de Aveiro
Lagoon the tidal energy is stronger than the subtidal energy,
propagating into the far end of the channels, and the semi-
diurnal and diurnal tidal signals are similarly attenuated
whereas the quarter-diurnal signal is essentially generated
inside the lagoon. The subtidal energy is usually very low,
however the energy associated with sporadic extreme weather
events connected with coastal sea-level changes or high river
discharge is amplified along the lagoon channels.

This study indicates that the method proposed by
. (In press) for estimating the propagation of

tidal and subtidal oscillations throughout the access channel of a
micro-tidal choked coastal lagoon dominated by wind forcing is
also an alternative way of estimating such attenuation in a
meso-tidal coastal lagoon. Moreover, it is clear that this method
can be applied on both modelling predictions and
measurements of SSE carried out throughout the access channel
of coastal lagoons.
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Table 1. Tidal and subtidal attenuation / amplification (negative values) and phase delay throughout the Patos Lagoon (summer period)
and Ria de Aveiro Lagoon. D diurnal, SD semi-diurnal, QD quarter diurnal and LP long period frequencies. The calculated % is
determined from the ratio between the spectral density function at the mouth and at each station, and the phase delay was obtained through
cross-spectral analysis.

Attenuation /Amplification (%) Phase Delay ( º )

D SD QD LP D SD QD LP
CANA 7.0 13.0 25.0 0 -2 -3 -7 0
CANB 14.0 20.0 38.0 0 -6 -3 -10 0

RG 15.0 20.0 40.0 0 -7 2 -12 0

MAR 75.0 100.0 100.0 23 -160

FEI 83.0 100.0 100.0 64 -150

Ovar 49.4 86.8 -17.8 -128.2 35 115 28 4
Cais do Bico 40.9 65.4 -75.6 -110.7 45 60 257 12
Rio Novo 26.1 52.8 -66.7 -36.4 38 39 148 35
Vagueira 36.2 74.1 9.4 63.0 50 50 305 27

Boco 42.1 73.9 -75.0 67.1 75 85 257 18

No significance No significance No significance

No significance No significance No significance

o

o

Tidal and Subtidal Propagation in Two Atlantic Estuaries 1425



ACKNOWLEDGEMENTS

LITERATURE CITED

The second author was sponsored by the Conselho Nacional
de Desenvolvimento Científico e Tecnológico (CNPq), Brazil,
contracts 200012/97-5 and 540467/01-4.

DAVIES,

DIAS,

DIAS, LOPES, DEKEYSER,

DIAS, LOPES, DEKEYSER,

FERNANDES, DYER, NIENCHESKI,

FERNANDES, DYER, MOLLER,
NIENCHESKI,

FERNANDES, MARIÑ O-TAPIA, DYER,
MOLLER,

INSTITUTO HIDROGRÁ FICO

KJERFVE,

KJERFVE, MAGILL,

MOLLER, LORENZZETTI, STECH, MATA,

MOLLER, CASTAING,

PERILLO, PICCOLO, PINO,

MOREIRA, QUEIROGA, MACHADO,
CUNHA,

PUGH,

J.L., 1964. A morphogenetic approach to world
shorelines, ., 8, 27-42.

J.M., 2001. Contribution to the study of the Ria de Aveiro
hydrodynamics. Aveiro, Portugal: University of Aveiro,
Ph.D. thesis, 288p.

J.M.; J.F. and I., 1999. Hydrological
characterization of Ria de Aveiro, in early summer

, 22, 473-485.
J.M.; J.F. and I., 2000. Tidal

propagation in Ria de Aveiro lagoon, Portugal.
, PtB 25, 369-374.

E.H.L; K.R. and L.F.H.,
2001. TELEMAC-2D calibration and validation to the
hydrodynamics of the Patos Lagoon (Brazil).

, 470-488.
E.H.L.; K.R.; O.O. and

L.F.H., 2002. The Patos Lagoon
hydrodynamics during an El Niño event (1998).

22: 1699-1713.
E.H.L.; I.; K.R. and
O.O. (In press). The attenuation of tidal and

subtidal oscillations in the Patos Lagoon estuary.
.

, 1991.

Relatório FT.MC. 5/87. Lisboa, Portugal:
Instituto Hidrográfico.

B., 1986. Comparative oceanography of coastal
lagoons. In: , Wolfe, D.A., (Ed.), pp.
63-81. Orlando, Florida:Academic Press. Kjerfve, B., 1994.
Coastal lagoon processes. Kjerfve, B. (ed.),

Amsterdam: Elsevier Oceanography
Series, 60, pp 1-8.

B. and K.E. (1989) Geographic and
hydrodynamic characteristics of shallow coastal lagoons.

88, 187-199. The Netherlands, Elsevier
Science Publishers.

O.O.; J.A.; J.L. and
M.M., 1996. The Patos Lagoon summertime circulation and
dynamics , 16, 335-351.

O.O. and P., 1999. Hydrografical
characteristics of the estuarine area of Patos Lagoon. In:

G.M.E., C.M. and M.(eds.)

. Springer-Verlag, Berlin, pp.83-99.
H.M.; H.; M.M. and
M.R., 1993. Environmental gradients in a southern

estuarine system: Ria de Aveiro, Portugal, Implication for
soft bottom macrofauna colonization.

, 27(2-4), 465-482.
D.T., 1987. Tides, Surges, and Shallow Water Processes.

Chichester: John Wiley & Sons, 472p.

Zeit. Geomorphol

.
Oceanologica Acta

Physics and
Chemistry of the Earth

Journal of

Coastal Research,

Continental
Shelf Research

Ocean
Dynamics

Recolha e processamento de

dados de marés, correntes, temperaturas e salinidades na

Ria de Aveiro.

Estuarine variability

In: Coastal

Lagoon Processes.

Marine Geology

. Continental Shelf Research

Estuaries of South America. Their geomorfology and

dynamics

Netherlands Journal

of Aquatic Ecology

��

Figure 2. Spectrum and cross spectrum results for the Ria de Aveiro experiment. The vertical error bar in the spectrum indicates a 95 %
confidence level and the horizontal line in the coherence spectra indicates the 95% significance level.

Journal of Coastal Research Special Issue 39, 2006,

Dias and Fernandes1426

10
-6

10
-5

10
-4

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

0.24

HCANA

P
o
w

e
r

S
p
e
c
tr

a
l
D

e
n
s
it
y

Frequency (Hz)

A

10
-6

10
-5

10
-4

0

0.04

0.08

0.12

0.16

0.2

0.24

HBDY x HCANA

Frequency (Hz)

C
ro

s
s
-S

p
e
c
tr

u
m

10
-6

10
-5

10
-4

0

0.25

0.5

0.75

1

HBDY x HCANA

C
o
h
e
re

n
c
e

Frequency (Hz)

10
-6

10
-5

10
-4

-180

-90

0

90

180

HBDY x HCANA

P
h
a
s
e

(d
e
g
re

e
s
)

Frequency (Hz)

10
-6

10
-5

10
-40

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

0.24

P
o

w
e

r
S

p
e

c
tr

a
l
D

e
n

s
it
y

Frequency (Hz)

10
-6

10
-5

10
-4

0

0.04

0.08

0.12

0.16

0.2

0.24

HBDY x HRG

C
ro

s
s
-S

p
e
c
tr

u
m

Frequency (Hz)
10

-6

10
-5

10
-4

0

0.25

0.5

0.75

1

HBDY x HRG

C
o
h
e
re

n
c
e

Frequency (Hz)

10
-6

10
-5

10
-4

-180

-90

0

90

180

P
h
a
s
e

(d
e
g
re

e
s
)

Frequency (Hz)

-180

10
-6

10
-5

10
-4

-90

0

90

180

HBDY x HMAR

Frequency (Hz)

P
h
a
s
e

(d
e
g
re

e
s
)

10
-6

10
-5

10
-4

0

0.25

0.5

0.75

1

Frequency (Hz)

C
o
h
e
re

n
c
e

HBDY x HMAR

10
-6

10
-5

10
-4

0

0.04

0.08

0.12

0.16

0.2

0.24

Frequency (Hz)

C
ro

s
s

S
p

e
c
tr

u
m

HBDY x HMAR

0

10
-6

10
-5

10
-4

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

0.24

Frequency (Hz)

P
o

w
e

r
S

p
e

c
tr

a
l
D

e
n

s
it
y

HMAR

B

C



<<
  /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


