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ABSTRACT

This paper adopts wavelet transform to study the phenomena of storm
surge based on the observed tidal data. The characteristics of space and
frequency distributions of this feature can be revealed by wavelet
energy. This analysis demonstrates when weather conditions are stable,
the changes of the wavelet energy deviation closes to zero. However,
the wavelet energy of storm surge increases along with the typhoon
approaching. If the wavelet energy frequency is less than 1 day’, the
distributions of storm surge graph are similar to that of energy curve.
Wavelet energy distribution of surge can therefore acquire accurately
the time of the occurrence of max surge. Meanwhile, it can reckon the
influential time of storm surge on shore from the variety of the wavelet
energy.

KEY WORDS: wavelet transform, storm surge
INTRODUCTION

Taiwan is located between the tropical and subtropical regions of the
northwest Pacific Ocean. It is the path of the typhoon during summer.
Generally speaking, there are 3 to 4 typhoons invade and attack Taiwan
Waters in averaged through the years. However, the trend has increased
in recent years.

The eastern water of Taiwan faces the Pacific Ocean directly, where the
typhoon is activity over there. When the typhoon hit eastern Taiwan, it
is able to generate storm surge due to the water level rising within the
typhoon scope. And storm surge makes big damage over the coast area.
Therefore, storm surge phenomenon over Taiwan waters is a major
product of typhoon. The processes of change of this kind of storm surge
wave motion have three steps which are forerunner surging, storm
surge, and resurgence.

The forerunner surging is made by the typhoon swell approaching coast
region in advance to make the increment of the slowness of water level.
The storm surge along the coast water level is rapidly increasing due to
the air pressure descend gradually due to the typhoon effect. The
resurgence is a wave motion that typhoon storm surge remains later on.
These phenomena can maintain a longer time, and the amplitude of
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oscillation becomes smaller and is near go back to astronomy tide level.

Hsu (1998) studied the sea water level ringing caused by various
typhoon routes based on the born location and path sorts of the typhoon
from 1994 to 1997. The result displays the water level of storm surge is
influenced by the following factors which are typhoon dimension,
intensity, route, movement speed, and locally topography, water depth
and astronomy tide level.

Cheng (2003) seek the relation between storm surge and typhoon
characteristic and find out that the storm surge at coast is under the
influence of typhoon parameters such as center pressure, movement
speed, typhoon radius, and the distance to the station. The order of the
storm surge over the eastern water is highly directed and closed to the
distance between station and typhoon center. The result of Wu (2005)
points out, the storm surge will reach the maximum under the condition
that the typhoon hit land. The amplitude of storm surge is higher than
that of adjoin area. The results from the model simulation also showed
the storm surge over eastern water is dominated by the typhoon center
pressure which called reverse pressure effect. The order of the storm
surge induced by the wind stress factor is not important.

Tou et al. (1986) adopted the linear model to analyze the spectral of the
storm surge over Victoria Harbor and found out that the spectrum
revealed a narrow band during the tidal energy frequency range. For the
energy spectral of 2.3x107 Hz, it is accordance with the semi-diurnal
tide. By making use of the analysis of frequency chart for the tide level
from the historical data, it is able to understand the variation of low
frequency tide and then to predict the starting time of the variation of
the water level and the time of the ends.

The Fourier transform is generally used to study the tide data. Its result
emphasizes the relation between the frequency and energy. This
method can not obtain the energy distribution on the time domain.
However, it is able to understand the distribution of spectral density and
frequency energy in the time domain. The application of the wavelet
theory is gradually widely used in recent years, for example: Jay and
Flinchem (1999), Luettich Jr. et al. (2002), Pancheva and Mukhtarov
(2000), Flinchem and Jay (2000), Chambers et al. (2002), Lims and
Lye (2004), Huang (2005). Those researchers apply wavelet theory to
analyze tide data which makes the judgment of the information easier.



This paper uses wavelet theory to analyze tide data during the typhoon
period. The result is for the discussion of the energy variation generated
following the storm surge in the time and frequency domain.

OVERVIEW OF WAVELET TRANSFORMS

For time series of signal 7(¢), it carries on the Fourier transform and
converts it to the spectral function defined as follow:

n(f)= 777(1)67"2’”‘#1 (M

Where ¢ and fare the time and frequency respectively.

The energy spectral of signal is obtained by the square value of the
coefficient for the real and imaginary parts of the spectral function.
This spectral is denoted by the averaged spectral density for each
frequency band. It is not able to show the response form message of
local time domain. If the row data contains the noise, the spectral will
be affected by the signal. Therefore, this method is meaningful for the
stationary time series analysis. Gabor (1946) proposed short time
Fourier transform to solve the non-stationary signal problem. But it can
not retrieval the local information for the abruptly sensitive reaction
semaphore (Chui, 1992).

The wavelet analysis is the method to use the window dimension
fixedly, but its time and frequency windows all convertible times and
frequencies locally. The meaning of the wavelet transform is an inner
product between the data series x(#) and mother wavelet function

w(t) which needs displacement shift 7 and under different scaled a.
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The equivalent expression of frequency domain:
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where X(w) , w(w) is the Fourier transform of x(z) , w(¢?)

respectively.

The characteristic of window for time and frequency domain has quite
different between the wavelet transform and Fourier transform. The
index 7 is only affect the window location in time axis. However, the
index of a is not only influent window position in the frequency axis
but also affect the window shape. Therefore, the time step of data
sample is adjustable for the different frequency. That is to say, the
window width used in wavelet transform is adjustable for the time and
frequency domain in accordance with the location of frequency domain.

The aim of this paper is to obtain the information of tidal energy
distribution for the time and frequency domain. Therefore, mother
wavelet function of complex type is adopted for the application basis.
In this condition, Morlet function is chosen to be the mother wavelet
for the analysis of the tidal data, the function is:

Vi) =e et “

754

Its frequency domain function is Fourier transform of , (¢) as:
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The frequency window structure of the Morlet function is shown in
figure 1. Its frequency window is a symmetry Gaussian distribution
curve, and energy is concentrated in centre, and there is good
localization on the area of frequency domain.

THE ANALYSIS OF STORM SURGE BY WAVELET
TRANSFORMS

ChengKung tidal station is located along the Eastern Taiwan coast,
which is facing the spacious ocean with bottom of sea configuration
steep to fall. Due to this feature, the tide phenomena of this station is
not affecting by the sea bottom topography. This is the reason for this
paper to choose this station to study the storm surge by the wavelet
transform to discuss the characteristics of four tidal components, which
are M, Sy, Kjand O;. The amplitude of these four tidal components is
much more significant than other components in 1994 from the figure 2
by the harmonic method.

Typhoon Tim (No. 9405) took place from July 9th to July 11th of 1994
which passing by the ChengKung tidal station as shown in figure 3.
The time series of observed tidal level and astronomy tide level and
storm surge are shown in figure 4. Figure 4 revealed the maximum
surge appeared at 20 pm of July 10. Figure 5 is the wavelet energy
distribution of wavelet transform of the observed tidal data and
astronomy tide data at ChengKung station. It is shown that the energy
is very small for the frequency bellow 0.6 day™ for the astronomy tide.
However the observed tide has part energy existed below the frequency
of 0.6 day’ which is induced by the meteorology tide. Hence the
wavelet energy distribution in the time and frequency domain can be
obtained from the energy difference between the observed tide and
astronomy tide as shown in figure 6.

The averaged wavelet energy in Figure 6 is obtained by the integration
from the frequencies of 0.1 day™ to 1 day™. This energy comparing to
total frequency will to be used as the basis of the follow-up analysis.
Figure 7 shows the distance between typhoon center, tide station, an
azimuth (upper part), the time series of pressure, storm surge (middle
part), the deviation of the storm surge and averaged wavelet energy
(lower part)

The lower part of figure 7 shows that the variation of amplitude is small
due to the energy of wavelet energy is closed to zero under the stable
weather condition. However, when the typhoon center is approaching
the tidal station, the typhoon make the barometric pressure of tidal
station descend, the storm surge anomaly and average wavelet energies
are gradually increased at this time. The air pressure of station decline
to the lowest level under the typhoon center nears to the tidal station,
the air pressure of station decline to the lowest level. At the same time
the storm surge anomaly and averaged wavelet energies increase to
maximum. When typhoon centre keeps off the tidal station gradually,
the barometric pressure of tidal station runs high and the storm surge
anomaly and average wavelet energies reduces gradually.

CONCLUSION

This paper adopts wavelet transform approach to study the phenomena



of storm surge based on the observed tidal data. The characteristics of
space and frequency distributions of this feature can be revealed by the
wavelet energy. This demonstrates when the weather conditions are
stable, the changes of the wavelet energy deviation closes to zero.
However, the wavelet energy of storm surge increases along with the
typhoon approaching. If the wavelet energy frequency is less than 1
day!, the distributions of storm surge graph are similar to that of
energy curve. Therefore, according to the wavelet energy distribution
of surge, it can acquire the time of the occurrence of max surge
accurately. Meanwhile, it can confirm the influence time of storm surge
on shore from the variety of the wavelet energy

The storm surge attains maximum under the condition of typhoon
center is near the tidal station landing in this case from the Taiwan
eastern water. However the time of maximum averaged wavelet energy
is lag couple hours after typhoon center pass.
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Figure 1 The shape of Morlet wavelet function in the time and frequency domain
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Figure 2 Sixty tidal components in 1994 for ChengKung tidal station.

1994 FZ 48 (TIM)

A
-

0 ChengKung tidal station

110 115 120 1P5 a® ?3&// 185

B»‘
3
"
a
Y H
07411 oo 2
Cille 0710

2

07/08

1185 \Lk\\K 180 139

L

*Iutra,\'\nt\ 51. 0m/s) @ % @M F,(Voax32. 7-50, Sn/s) € $EA M (VmaxlT. 2-32. 6n/s) @ #5 A.5 (Voax<lT. 2u/s)

Figure 3 Tim typhoon route in 1994 (http://www.cwb.gov.tw/)

756




S(£Y) (em2)
=2

Q.

water level(cm)

difference(cm)

« observation

astronomical tide

The wavelet energy of the astronomy tide

0625 0627 0629

0705 0707 0709
1994

0711 0713 0715 0717 0719 0721 0723

Figure 4 Tidal data series diagram at ChengKung tide station in Typhoon Tim.

0624

S(tY) (em2)

0724

The wavelet energy of the observation tide

Figure 5 The wavelet energy of observed tidal data (right) and astronomy tide data (left) during the Tim typhoon.

frequency (day ')

25
2.0
1.5
1.0+

051

0.0 1

0624 0629

| T T
0709 0714

date(1994)

[ — T T ] -10

1
0719 0724  S(ft) (cm?)

Figure 6 The wavelet energy distribution of storm surge during typhoon Tim.

757



distance (km)

storm surge (cm)

mean wavelet energy
S(f)(cm?/cpd)
=
|

1000 360
800 127-9405 N L
- azimuth angle 270
600 — distance B
g, - 180
400 — . L
200 | -
0 T T : T T T : T : T T T T T T T 0
1000_704_ . : 0709 b 0-7.1.4}__. . o719
:.- T R R D P T L L P PE ——— | | ."___",._.---. T 1000
80 7 | T e air pressure =
60 — | | - 980
- | | -
40 - ! A - 960
T | | | -
20 ! | - 940
I I -
O A A AT L A ST - 920
20 - ! b L
T T T T T La—— T T T T T T 900
0704 | 0709 Lo 0714 07119
‘ . = 04
15 - | Lo -
| ! Do . r 02
! | energy difference of wavelet |-
T e —— 0
- ! I I
. ! P - -0.2
_ ! L
mean wavelet energy - 04
i | N
O T T T T T T T T T T T T T -0.6
0704 0709 0714 0719

date(1994)

azimuth angle (°)

air pressure (hPa)

energy difference of
wavelet S(f) (cm?/cpd)

Figure 7 Diagram of time series of the distance between the typhoon center and tide station and an azimuth (upper part),
the time series of pressure and storm surge (middle part), and deviation of the storm surge and averaged wavelet
energy (lower part) during typhoon Tim in 1994.

758




<<
  /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
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Albertus-Bold
    /Albertus-ExtraBold
    /Albertus-Medium
    /AlbertusMedium-Italic
    /Algerian
    /AntiqueOlive
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /Chiller-Regular
    /Clarendon-Bold
    /Clarendon-Book
    /Clarendon-Condensed-Bold
    /ClarendonExtended-Bold
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Coronet
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CurlzMT
    /DFKaiShu-SB-Estd-BF
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Futura-Bold
    /Futura-Book
    /Futura-BookItalic
    /Futura-Heavy
    /Futura-Light
    /Futura-Medium
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GSIDefaultSymbols
    /GSIDidger
    /GSIGeologicSymbols
    /GSIMapSymbols
    /GSINorthArrows
    /GSIOilandGas
    /GSIWeatherSymbols
    /GSIWindBarbSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Marigold
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /MingLiU
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewGulim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /Stencil
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZWAdobeF
  ]
  /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>
    /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.)
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
  >>
  /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


