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Summary 
Land seismic challenges are usually attributed to 
superimposed near-surface noise. We suggest that small-
scale near-surface scattering distorts the reflections 
themselves via a mechanism we refer to as “seismic 
speckle,” similar to speckle noise in optics and acoustics. We 
describe a simple mathematical model of multiplicative 
seismic noise that captures the main features of such 
distortions seen on the field data. The first type of 
multiplicative noise with random phase perturbations 
explains the severe coherency loss and a substantial 
amplitude reduction after stacking. Residual statics is 
another type of multiplicative noise leading to progressive 
loss of higher frequencies. Both mechanisms combined 
quantitatively explain amplitude transformation observed 
while locally stacking field data. We present field 
observations confirming seismic speckle and also 
numerically demonstrate how local stacking can recover the 
accurate phase of the undistorted signal on synthetic data.  
 
Introduction 
In the presence of complex near surface, seismic data often 
exhibit highly obscured and chaotic prestack reflections 
even after processing. Such behavior severely disrupts 
processing and impedes single-sensor acquisition (Bakulin 
et al., 2020a, 2020b). At the same time, data with field 
receiver arrays appear significantly simpler. Similarly, local 
stacking in the processing can retrieve robust reflected 
events. However, after such stacking, the absolute amplitude 
level experiences a substantial reduction across the entire 
frequency band, reaching -10-20 dB or more. Also, a 
significant and escalating loss of higher frequencies is 
observed. Field observations are blamed on “complex near 
surface”, yet no simple models explain such behavior. This 
study suggests that the underlying mechanism of “seismic 
speckle” can quantitatively describe field data distortions. 
The proposed mathematical model also opens ways to 
mitigate them in processing.  
 
Field data example from a desert environment 
An example of processed CMP gather from a complex 3D 
land dataset is shown in Figure 1a. The prestack signal is 
feeble, as there are only hints of underlying reflections 
observed. Figure 1b shows the same CMP gather after 
nonlinear beamforming (Bakulin et al., 2020a), which 
performs local stacking of ~ 200 neighboring traces. 
Reflections become easily recognizable in the entire offset 
range. However, the high-frequency content of the signal is 

suppressed. In addition, enhanced reflections are overly 
smoothed. Such a behavior is typical for many desert 
environment datasets. We attempt to answer: 1) why even 
after hard processing, we do not see clear, coherent 
reflections in prestack data; 2) why, after local stacking 
signals become significantly more coherent; 3) how 
observed distortions transform during stacking.  

 

Figure 1. CMP gather after moveout corrections extracted from the 
land seismic dataset: (a) after standard processing; (b) after local 
stacking using nonlinear beamforming; (c) comparison of amplitude 
spectra computed on data from (a) and (b) (calculated inside the 
white box).    

  

Figure 2. Seismic speckle involves complex interference of forward-
scattered arrivals leading to severe signal distortions.  
 
Seismic speckle and multiplicative noise model 
Near-surface scattering is usually invoked as a qualitative 
explanation of described data complexity. However, without 
identifying a specific mechanism, such an explanation is 
uncertain and not practically useful. Inspired by studies of 
optical and ultrasonic speckle noise (Goodman, 2007), we 
hypothesize that seismic data experiences similar distortions 
caused by near-ballistic forward scattering of multiple 
arrivals (Figure 2). Therefore, it could be referred to as 
“seismic speckle”. We emphasize that it is not an 
interference with near-surface arrivals or diffractions. It is 
the distortion of the signal itself bouncing on small 
heterogeneities. The superposition of multiply forward-
scattered waves creates a complex interference pattern near 
ballistic arrival. Such patterns are unique for each wavepath 
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and do not conform to surface-consistent assumptions 
commonly used in time processing. Speckle is typically 
modeled as multiplicative noise. Let us describe the seismic 
trace model with a general multiplicative noise. Let the 
registered signal in k-th channel be represented as 

𝑥 𝑡 𝑟 𝑡 ∗ 𝑠 𝑡 𝑛 𝑡 ,     (1) 
where 𝑠 𝑡  is the desired signal, 𝑟 𝑡  is multiplicative noise 
defined as a linear system described with some random 
parameters, 𝑛 𝑡  is additive random noise, “*” means 
convolution, k=1,…,K (K is a number of the channels). In 
the Fourier domain (1) is written as: 

𝑋 𝜔 𝑅 𝜔 𝑆 𝜔 𝑁 𝜔 ,     (2) 
where 𝑋 ,𝑅 , 𝑆,𝑁  are Fourier transforms of the 
corresponding time-domain functions in (1). Additive noise 
𝑁 𝜔  is uncorrelated between channels and has zero mean 
(𝐸 𝑁 𝜔 0); E denotes the math expectation operator. 
Signal and noise are assumed uncorrelated.  
 
Signal transformation while stacking in the presence of 
multiplicative noise 
Speckle studies suggest that phase fluctuations play an 
outsize role. Therefore let us further specify a more explicit 
form of multiplicative noise as a random frequency-
dependent phase fluctuations occurring in each channel: 

𝑅 𝜔   𝑒 .    (3) 
At a given frequency 𝜔, random variables 𝜑 𝜔  are 
assumed independent for all channels. The result of local 
stacking (averaging) of the K traces in the frequency domain 
is given by 

𝑆 𝜔 ∑ 𝑆 𝜔 𝑒 𝑁 𝜔 . (4) 

Since the number of traces used in the stacking process is 
limited, 𝑆 𝜔  would be a random variable for different trace 
ensembles. Its math expectation is expressed as: 

𝐸 𝑆 𝜔 𝑆 𝜔 ∑ 𝐸 𝑒 .  (5)   

Let us denote 
𝛷 𝜔 𝐸 𝑒 .  (6) 

Using the notation 𝑥 𝜑 𝜔 : 
𝛷 𝜔 𝑃 𝑥 𝑒 𝑑𝑥,  (7) 

where 𝑃  is a probability density function of a random 
variable 𝜑  at a given frequency 𝜔 in a k-channel. From eq. 
(7) one can deduce that if the probability density function of 
the phase fluctuations of the multiplicative noise is even, i.e., 
𝑃 𝑥  𝑃 𝑥  (i.e. expected value is zero), then 𝛷 𝜔  
would be real-valued. Using notation (6), we may rewrite (5) 
as 

𝐸 𝑆 𝜔 |𝑆 𝜔 |𝑒 ∑ 𝛷 𝜔 , (8) 

where |𝑆 𝜔 |, 𝜑  are amplitude and phase spectra of the 
clean signal. If random variables  𝜑 𝜔  describing phase 
perturbations have the same distributions in each channel, 
𝛷 𝜔  then: 

𝐸 𝑆 𝜔 |𝑆 𝜔 |𝑒 𝛷 𝜔 , (9) 
where |𝑆 𝜔 |, 𝜑  are amplitude and phase spectra of the 
clean signal. Without specifying any further details of the 

near surface, we can draw important conclusions. First,  
stacking performs phase “cleanup” or averaging and leads 
either to a signal phase (if 𝛷 𝜔 0 ,  or flipped signal 
phase rotated by 𝜋 (if 𝛷 𝜔 0 . Second, real-valued 𝛷 𝜔  
denotes filtering coefficient for the signal amplitude spectra 
during stacking. To obtain quantitative results, let us derive 
a specific form of 𝛷 𝜔  for two practically significant types 
of noise: (1) random phase perturbations and (2) random 
time-shifts (residual statics). 
 
Type 1 multiplicative noise – Phase perturbation with 
normal distribution. If phase perturbations  𝜑 𝜔  have the 
same normal (Gaussian) distribution with zero mean and 
standard deviation 𝜎 𝜔 , then mathematical expectation can 
be expressed as 

𝐸 𝑆 𝜔 |𝑆 𝜔 |𝑒 𝑒 .  (10) 
The resulting phase spectrum after stacking in expression 
(10) is the same as the phase of the clean signal, whereas a 
real-valued factor reduces amplitude compared to a clean 
signal. Furthermore, amplitude reduction is the same across 
the entire band if standard deviations remain independent on 
frequency. In contrast, the loss of signal amplitude after 
stacking would progressively increase with frequency if we 
assume that standard deviation increases with frequency.  
 
Type 2 multiplicative noise – Residual statics with normal 
distribution. Let the multiplicative noise be caused by 
random time shifts  𝜏  between channels (residual static). In 
this case, multiplicative noise has a form: 

𝑅 𝜔   𝑒 .  (12) 
If statics is normally distributed with zero mean and standard 
deviation 𝜎 , then 

𝐸 𝑆 𝜔 |𝑆 𝜔 |𝑒 𝑒 . (13) 
Again, the phase spectrum of the stack (13) is the same as 
that of the clean signal, whereas amplitude experiences 
exponential loss with frequency. Berni and Roever (1989) 
derived exponential amplitude loss analyzing intra-array 
residual statics without employing a multiplicative model.  
 
Combination of Type 1 and Type 2: Let us consider a 
combination of both types of multiplicative noise (3) and 
(12) acting together. Assume that 𝜏  and 𝜑 𝜔  are 
independent of each other and both random normally 
distributed with standard deviations 𝜎  and 𝜎 , then the 
mathematical expectation is given by: 

𝐸 𝑆 𝜔 |𝑆 𝜔 |𝑒 𝑒 𝑒  .  (14) 
The phase of mathematical expectation is equal to the clean 
signal phase. In contrast, the amplitude loss factor is a 
product of two terms – one caused by phase perturbations 
and another by residual statics.  
 
Figure 3 visualizes amplitude loss in dB induced by both 
types of multiplicative noise during local stacking. Residual 
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statics with a standard deviation 𝜎𝜏 creates amplitude loss 
escalating as a square of frequency f   
                        A 171.45 ∙ 𝑓𝜎  𝑑𝐵.                   (15) 

 

Figure 3. (a) Frequency-dependent amplitude attenuation during 
stacking caused by time delays with normal distribution possessing 
different standard deviations (𝝈𝝉 2,4,8);  (b) Frequency-
independent amplitude attenuation during stacking caused by phase 
perturbations with normal distribution. Amplitude decay in dB vs. 
standard deviation 𝝈𝝋  (in radians) is shown. 

This relationship is consistent with the one presented by 
Baeten and van der Heijden (2008). Amplitude reduction is 
proportional to a square of standard deviation (Figure 3a). 
On the other hand, phase perturbations with normal 
distribution lead to a constant amplitude loss 
                          𝐀𝝋 𝟒.𝟑𝟒𝟑 ∙ 𝝈𝝋𝟐 ,                           (16) 

provided that 𝝈𝝋 is independent of frequency. 
 
Residual phase distribution in real data 
Let us now evaluate whether the proposed model 
assumptions reflect the behavior of phase of real data. Figure 
4a shows a selected time window taken from gather in Figure 
1a. An obscured reflector is recognizable in Figure 4a, 
whereas beamforming (Figure 4b) makes it coherent albeit 
lower frequency. Original data reveals chaotic phase angles 
oscillating in the interval 𝜋,𝜋  as shown in Figure 4c. In 
contrast, beamformed data has smooth phase variation 
(Figure 4d). As demonstrated above, local stacking leads to 
an unbiased estimation of the true phase. Let us denote 
𝜑 𝜔  and 𝜑 𝜔  to be a phase of original and 
beamformed data. Their difference 𝜑 𝜔 𝜑 𝜔
𝜑 𝜔  can be construed as a residual phase describing the 
original random phase perturbation observed on each 
channel. Figure 5 shows resulting histograms of residual 
phase distributions computed using an ensemble of 500 
traces. First, phase perturbations appear symmetric with 
expected values close to zero. Second, estimated standard 
deviations are significant (~50-112 deg). Finally, we observe 
dependence on the frequency with the smallest deviation at 
mid frequencies characterized by the highest signal-to-noise 
ratio. We conclude that field data phase distribution suggests 
it can be well approximated as multiplicative noise described 
by random phase perturbations with normal distribution.  
 
Numerical example  
Let us now validate the accuracy and usefulness of presented 
equations for math expectation of phase and amplitude for 

 

Figure 4:  Time-windowed data around the target reflector (100 ms) 
along with phase and amplitude spectra: (a) original data; (b) data 
after beamforming; (c) phase angles (in radian) at 10 Hz as a 
function of trace index; (d) phase angles at 30 Hz as a function of 
trace index; (e) averaged amplitude spectra of time windowed data 
shown in (a) and (b).  

 

Figure 5: Histograms of residual phase (random phase 
perturbations) estimated on real data from Figure 4a for different 
frequencies: (a) 15 Hz, (b) 30Hz; (cd) 40 Hz, (d) 60 Hz. Estimated 
standard deviation is posted assuming normal distribution. 
realistically limited ensembles of data from local stacking. 
Right away, we consider the joint effect of random time 
delays and frequency-dependent phase variations. A single 
trace from a processed CMP gather (Figure 1a) is shown in 
Figure 6, along with its amplitude spectrum. “Clean” gather 
is obtained by simply replicating this trace 200 times (Figure 
7a). To simulate realistic non-surface consistent seismic 
speckle noise, each 100-ms window of each channel was 
subject to a combination of multiplicative noises of Type 1 
and 2 (Figure 7b). We stress that adjacent channels 
experience different noises. Likewise, different time 
windows of the same channel also experience various 
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realizations of multiplicative noise. Only statistical 
parameters, e.g., standard deviations 𝜎 𝝅/2 and 𝜎
4 𝑚𝑠, remain constant.  

 

Figure 6. Real trace taken from processed real CMP gather in Figure 
1a. The amplitude spectrum is shown as an insert. 

The theoretical prediction is computed using equation  (14) 
for math expectation. The synthetic numerical result is 
calculated by stacking 200 noisy traces. Figure 7c compares 
theoretical and numerical results. While spectra of “clean” 
(blue) and perturbed (green) data are similar, stacked 
amplitude (red) is severely curtailed, exposing the joint 
effect of two types of multiplicative noise. Stacked 
amplitude experiences a drop in overall level caused by 
phase perturbations and progressive attenuation of higher 
frequencies induced by residual statics. We observe good 
agreement between numerical results and the theory (“red” 
and “black” lines), suggesting the usefulness of derived 
equations for limited ensembles. Figure 7d shows a 
normalized plot where each spectrum is normalized by its 
maximum. After normalization stacked (red) spectrum 
tracks the “clean” (blue) spectrum in low and mid-frequency 
intervals, whereas two curves diverge at higher frequencies 
as expected (effect of time delays). Figure 7e validates that 
stacking performs phase “cleanup” with the stacked phase 
approaching the true signal phase (without multiplicative 
distortions) as predicted by theory. Finally, Figure 7f 
presents a time-domain verification that the stacking process 
reconstructs the accurate phase in the presence of 
multiplicative noise.  
 
Conclusions 
We describe a new type of multiplicative seismic noise 
called “seismic speckle.” In contrast to other kinds of noise, 
multiplicative noise is a signal distortion caused by the 
scattering of ballistic arrivals on small-scale near-surface 
heterogeneities. We propose a simple mathematical model 
describing seismic speckle as random phase perturbations. 
We also show that residual statics can be recast as another 
type of multiplicative noise. We demonstrate that the 
combined action of phase perturbations and residual statics 
can replicate complex signal distortions observed in land 
seismic data that severely reduce the coherency of specular 
reflections. While extremely damaging, seismic speckle has 
remarkable properties that may help address it using multi-
channel processing. Specifically, we demonstrate that local 
stacking leads to an estimate of a clean signal phase free 

from harmful effects of scattering. Such unbiased phase 
estimation is a key towards unraveling the damaging effects 
of scattering from prestack data using phase substitution, 
seismic time-frequency masking, and other methods.  

 

 

Figure 7: Numerical validation of equations describing stacked 
amplitude and phase: (a) “Signal-only” gather obtained by repeating 
real data trace from the red box of Figure 6; (b) Perturbed gather 
after introducing spatially changing and time-variant multiplicative 
noises with fixed statistical distributions (𝝈𝝉  4 ms, 𝝈𝝋 𝝅/𝟐); 
(c) non-normalized amplitude spectra showing amplitude bias and 
progressive attenuation of higher frequencies after stacking similar 
to real data from Figure 1c; observe good match between numerical 
red curve and predicted curve in black from equation (14); (d) 
normalized amplitude spectra showing progressive loss of higher 
frequencies after stacking; (e) phase spectra of the stacked trace 
(red) closely tracks “clean” phase (blue) validating unbiased 
estimation of undistorted signal phase by stacking; (f) stacked trace 
(red) with accurate phase accurately tracks arrival times of the 
“clean” signal (blue) but also exhibit pronounced broadening of the 
waveforms due to combined actions of residual statics and phase 
perturbations.  

 

10.1190/image2022-3735790.1
Page    2604

Second International Meeting for Applied Geoscience & Energy
© 2022 Society of Exploration Geophysicists and the American Association of Petroleum Geologists

D
ow

nl
oa

de
d 

08
/2

1/
22

 to
 1

99
.1

27
.2

48
.2

5.
 R

ed
is

tr
ib

ut
io

n 
su

bj
ec

t t
o 

S
E

G
 li

ce
ns

e 
or

 c
op

yr
ig

ht
; s

ee
 T

er
m

s 
of

 U
se

 a
t h

ttp
://

lib
ra

ry
.s

eg
.o

rg
/p

ag
e/

po
lic

ie
s/

te
rm

s
D

O
I:1

0.
11

90
/im

ag
e2

02
2-

37
35

79
0.

1



References

Baeten, G., and H. van der Heijden, 2008, Improving S/N for high frequencies: The Leading Edge, 27, no. 2, 144–153, doi: https://doi.org/10.1190/1
.2840359.

Bakulin, A., I. Silvestrov, M. Dmitriev, D. Neklyudov, M. Protasov, K. Gadylshin, and V. Dolgov, 2020a, Nonlinear beamforming for enhancement of
3D prestack land seismic data: Geophysics, 85, V283–Z13, doi: https://doi.org/10.1190/geo2019-0341.1.

Bakulin, A., D. Neklyudov, and I. Silvestrov, 2020b, Prestack data enhancement with phase corrections in time-frequency domain guided by local
multidimensional stacking: Geophysical Prospecting, 68, 1811–1818, doi: https://doi.org/10.1111/1365-2478.12956.

Berni, A. J., andW. L. Roever, 1989, Field array performance: Theoretical study of spatially correlated variations in amplitude coupling and static shift
and case study in the Paris Basin: Geophysics, 54, 451–459, doi: https://doi.org/10.1190/1.1442671.

Goodman, J. W., 2007, Speckle phenomena in optics: Theory and applications: Roberts & Company.

10.1190/image2022-3735790.1
Page    2605

Second International Meeting for Applied Geoscience & Energy
© 2022 Society of Exploration Geophysicists and the American Association of Petroleum Geologists

D
ow

nl
oa

de
d 

08
/2

1/
22

 to
 1

99
.1

27
.2

48
.2

5.
 R

ed
is

tr
ib

ut
io

n 
su

bj
ec

t t
o 

S
E

G
 li

ce
ns

e 
or

 c
op

yr
ig

ht
; s

ee
 T

er
m

s 
of

 U
se

 a
t h

ttp
://

lib
ra

ry
.s

eg
.o

rg
/p

ag
e/

po
lic

ie
s/

te
rm

s
D

O
I:1

0.
11

90
/im

ag
e2

02
2-

37
35

79
0.

1

http://dx.doi.org/10.1190/1.2840359
http://dx.doi.org/10.1190/1.2840359
http://dx.doi.org/10.1190/1.2840359
http://dx.doi.org/10.1190/1.2840359
http://dx.doi.org/10.1190/geo2019-0341.1
http://dx.doi.org/10.1190/geo2019-0341.1
http://dx.doi.org/10.1190/geo2019-0341.1
http://dx.doi.org/10.1190/geo2019-0341.1
http://dx.doi.org/10.1111/1365-2478.12956
http://dx.doi.org/10.1111/1365-2478.12956
http://dx.doi.org/10.1111/1365-2478.12956
http://dx.doi.org/10.1111/1365-2478.12956
http://dx.doi.org/10.1190/1.1442671
http://dx.doi.org/10.1190/1.1442671
http://dx.doi.org/10.1190/1.1442671
http://dx.doi.org/10.1190/1.1442671


<<
  /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


