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Introduction

The development of optical commu-
nication systems is recently considered 
for a variety of applications, particularly 
within the last mile access networks. 
Free space optical (FSO) technology is 
commonly used in urban and mountain-
ous areas, because of the complexity as-
sociated with setting up the technique of 
fi ber optics. For better performance rate 
in operating FSO systems, it is required 
a direct line of sight free of atmospheric 
phenomena such as rain, fog, dust and 
turbulence (Henniger & Wilfert, 2010).

In this paper, turbulence effect will 
be involved, because of its availability 
in the atmosphere caused by variation 
in temperature and wind, which leads to 
spatial and temporal random fl uctuations 
of the refractive index along the beam 

propagation through the channel. This 
effect primarily causes phase shifts of 
the propagating optical signals resulting 
distortions of the quality of the received 
image. The most signifi cant parameter 
that is used in expressing optical turbu-
lence is refractive index structure func-
tion coeffi cient (Cμ2 ) which is a func-
tion of position, time and height. When 
a light beam propagates through such 
a turbulent medium its interaction with 
the eddies produces random variations 
in the amplitude and phase of the signal 
(Ishimaru, 1997; Altowij, Alkholidi & 
Habib, 2010). These variations in the re-
fractive index of the Earth’s atmosphere 
are responsible for random fl uctuations 
in the signal carrying laser beam inten-
sity called scintillations.

The most studies published in the 
literature have been primarily concerned 
with the development of an atmospheric 
turbulence theory and its effect on the 
performance of optical system. Zku 
& Kahn (2002) designed an experiment 
to simulate FSO communication through 
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atmospheric turbulence channels. Math-
ematical models also used to study the 
infl uence of scintillation on optical wire-
less propagation such as Romain, Larkin, 
Ghavel, Paulson and Nykolak (2001) 
and Prokeš (2009). However, observa-
tionally diurnal and seasonal variations 
of Cμ2  at several heights within the sur-
face boundary layer were carried out by 
Wesely and Alcaraz (1973) and Walters, 
Kunket and Hoidale (1981), in which 
abroad maximum was around mid-day, 
while two minima were near sunrise and 
sunset. Later Roadcap and Tracy (2009) 
made measurements of Cμ2  during day 
and night times from the surface to 10 
km for different boundary layers: dry 
convective, moist convective and ma-
rine inversion. They found that Cμ2  was 
higher through the convective layer. In 
above papers mean slow data were used 
to drive this parameter, while in this 
work fast-response data measured by 
ultrasonic anemometer are employed to 
calculate Cμ2 .

The purpose of this paper is to cal-
culate Cμ2  and then study its characteris-
tics in the urban boundary layer such as 
Baghdad city. This will imply presenting 
diurnal and seasonal variation of Cμ2 . The 
relation between this coeffi cient and sta-
bility parameter will be also examined. 
Lastly evaluation of the effect of both 
rain and fog on Cμ2  will be presented.

Theoretical concepts

Understanding of atmospheric tur-
bulence is based on the Kolmogorov–
–Obukhov theory, which allows the 
computation of statistical quantities in 
a turbulent system. The applicability of 
their theory is in the range, called as iner-

tial sub-range, within the inner and outer 
scale sizes. In this range, the fl uctuations 
of the turbulent quantitiestend to have 
independent properties and universal be-
havior. Consequently, turbulent fl ows of 
interest are isotropic.

Tatarski applied this inertial sub-
-range concept to the effects of atmos-
pheric turbulence on electromagnetic 
radiation, solving the wave equation 
by employing the Rytove approxima-
tion (Panofsky & Dutton, 1984), i.e. ex-
pressing the wave equation in terms of 
the logarithm of the amplitude and then 
applying a perturbation technique. With 
comprehensive analysis, Tatarski arrived 
at an expression for the wave structure 
function, D(p) (Fried, 1965). Its impor-
tance to atmospheric turbulence lies 
in ability to represent all the statistics 
of phase and amplitude fl uctuations of 
a propagated wave, and it therefore con-
tains information concerning the shape 
of the deformed wave front. By defi ni-
tion, for infi nite plane wave and horizon-
tal propagation paths, Tatarski concluded 
that 

2 5/ 3 2
0

( ) 2.91 ( )
L

sD p k p C s ds  (1)

where:
kλ – wavenumber equal 2�λ–1 with λ is 
wavelength);
Cμ – is the refractive index structure 
coeffi cient representing the (optical) 
strength of the turbulence;
s – position along the propagation path;
ps – sample point separation in the aper-
ture plane equal λXLfs;
fs – spatial frequency in the image plane 
(cycles per unit length);
XL – local length of the lens. 
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Also he derived the D(p) for the propa-
gation of a spherical wave over a hori-
zontal path, i.e. 

5 / 3
2 5 / 3 2

0
( ) 2.91 ( )

L
s

sD p k p C s ds
L

  

 (2)

We notice that both Eqs. (1) and (2) 
depend on the propagation path length, 
the wavelength, the strength of the turbu-
lence along the path and the nature of the 
unperturbed wave front (Hulett, 1967).

Optical turbulence

As shown in the previous section, 
the optical strength of turbulence can 
be represented as Cμ. There is consid-
erable evidence (both experimental and 
theoretical) to suggest that, in the inertial 
sub-range (Fried, 1965)

2 2 / 3( ) sC D p p  (3)

where:
Dμ(p) – refractive index structure func-
tion defi ned as

2( )  + )sD p x p x  (4)

where:
x – point in the path of the propagated 
wave. 

The Cμ2 , through its dependence on 
the vertical temperature gradient, shows 
a complete dependence on the time of 
day, season, terrain, height and meteoro-
logical conditions (Hagelin, Masciadri 
& Lascaux, 2005). 

Optical turbulence (OT) is formed by 
the wind shear and the thermally stable 
layer of atmosphere. The vertical distribu-

tion of the OT is described by the structure 
function Cμ2  . The most intense OT is found 
near the surface, and second weaker maxi-
mum can be found near the jet stream at 
~12 km above sea level (Canuet, 2014).

Calculation of Cμ
2 

Using local temperature scaling data 
(T*1), which is constant for any given at-
mospheric conditions regardless of the 
sensor’s height, and represents the local 
vertical temperature gradient. Cμ2  can be 
calculated by Tatarski method (Fried, 
1965). 

Cμ = 2.40κ2/3h–1/310–6T*l         (5)

where:
κ – von Kármán constant of value equal 
~ 0.4;
h – height above ground level;
T*l can be calculated as follows:

*
*

( )l
l

l

w TT
u

 (6)

where:
T′ – temperature fl uctuations calculated 
as T′ = T – T with T is the observed tem-
perature and T is the mean temperature;
u*l =local friction velocity calculated as 
follow:

lu u w  (7)

where:
u′, w′ are the fl uctuations of longitude 
and vertical components of wind.

The subscript ‘l’ denotes ‘local’, so 
all the variables in Eqs. 5, 6 and 7 are 
determined locally.
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Site description and measured 
data

The instrument used to achieve 
this work is 3D ultrasonic anemometer 
mounted on the roof of atmospheric sci-
ence building (ASB), College of Science, 
Mustansiriya University located at north-
east of Baghdad as shown in Figure 1.
The height of the device is 19 m above 
the ground. The university consists of 
big buildings especially those located to 
the south and the east. The area of uni-
versity campus is 28,000 m2 and sur-
rounded with houses, shops, one bridge 
and scattered parks.

Fast-response data ofthree wind 
speed components (u, v, w) and temper-
ature made by Gill Sonic and have the 
operation of wind master pro (1561-pk-
-020/W+ option) for it three axes ultra-
sonic anemometer,with no moving parts.
The units of wind speed, output rate and 
formats are all users selectable and wind 
master pro constructed from marine 
grade stainless steel 316 mm, which can 
perform measurements in average wind 
speed up to 65 m·s–1.

The measurements from device were 
programmed to monitor one for each 
second means 1 Hz. The recorded data at 
random days were taken on CD to calcu-
late Cμ2  as a single level. Unfortunately, 
the observing periods for these data are 
not continuous, and irregular, but they 
have interval 15 days with total number 
of 290 runs, as reported in Table 1 for 
more details. The clear sky days and the 
certain weather situations were involved 
through these days. To obtain the data 
more stationary, a few data at beginning 
and ending of each run are removed.

After fi nding the values of Cμ2 , the 
Excel program for making statistical 
analysis and the Origin software 9.2 for 
drawing plots were used in the present 
paper.

FIGURE 1. Ultrasonic anemometer installed on 
ASB

TABLE 1. The dates, periods and no. of daily runs for turbulence instrument data

Date of observation Season Period [day] No of runs Weather status
6, 13, 27, 28 Dec. 2015,
3 June 2016

winter 5 80 rain

11, 25, 26 April 2016 spring 3 42 fog
1, 2, 3, 4, 5, 6, 7 July 2016 summer 7 168 clear sky
Total sum 15 290
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Results and discussion

Diurnal variations of Cμ
2 

The ultrasonic anemometer observa-
tion as a quick-response device for meas-
uring wind speed components in m·s–1 
and the temperatures in °C, that were 
converted to Kelvin scale, were used to 
fi nd T*l and u*l values from Eq. (6) and 
(7), respectively. Values of T*l are substi-
tuted in Eq. (5) to fi nd the values of Cμ 
using the height representing the height 
of the device (19 m). These values were 
double as required in Eqs. (1) and (2), 
and can make also a comparison them 
to other common literatures as reported 
in Table 1. Double values of Cμ(Cμ2   ) for 
each hour during every day were hourly 
averaged for the period of the study. The 
mean hourly values of Cμ2   for three sea-
sons: winter, spring and summer, were 
calculated. For avoiding frequencies 
when discussion signifi cant Cμ2   results 
in this paper, all their values are multi-
plied by power factor 10–18. Generally, 

the values of Cμ2   are the lowest in winter 
compared to other seasons.

Figure 2 shows the variations of 
mean hourly Cμ2    during winter except 
from 1:00 to 8:00 due to the lack of 
data and the reason was the power out-
age during that period. In general, high 
variation of Cμ2    is clear during day hours 
even though these values are averages. 
This belongs to the fact that the different 
weather situations (224) are more fre-
quent during this season as shown in Ta-
ble 1. The mean values of Cμ2   across the 
whole day appear highly fl uctuating, but 
gradually begin to rise until it reached 
its highest value at 16 where its value 
is 8,000 m–2/3 and that the lowest value 
is at 23:00 where the value of Cμ2   at that 
hour is 5.5 m–2/3. The interesting feature 
in this fi gure is the absence of turbulent 
motions at night time, which appear to 
has lowest values of Cμ2   and probably ap-
proach to zero.

Figure 3 shows hourly means of Cμ2   
for data available in spring (see Table 1). 
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FIGURE 2. Diurnal variation of mean Cμ2   values during all day in winter
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They have relatively large values corre-
sponding to winter and much less values 
respect to summer as will be shown in 
next discussion. Highest effect of optical 
turbulence is found after sunset at 19:00 
pm with value 105m–2/3. There is gradu-
al increase in the Cμ2    values at day time 
such as from sunrise to sunset time. In 
contrast, these values decrease sharply 

to be lowest at dark night approaching to 
about less than 1 m–2/3.

In summer, the highest values of Cμ2    
are fairly especially at 13:00 which its 
value about 5·106m–2/3and lowest value 
occurs at midnight with 2·104m–2/3, as 
illustrated in Figure 4. The latter value 
is larger than that at maximum value at 
winter. In Iraq this season has extreme 
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FIGURE 3. Diurnal variation of mean Cμ2    values during all day in spring

FIGURE 4. Diurnal variation of mean Cμ2    values during all day in summer 
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values of air temperature exceeds 45°C.
The signifi cant effect of atmospheric tur-
bulence appears clearly at summer with 
biggest values during the whole year. It 
is noted that there is large range of Cμ2   
values during the whole day, as shown 
in Figure 4.

As shown from the above discus-
sions, the infl uence of atmospheric tur-
bulence on the propagation of optical 
communications will be observed at noon 
time, where the sun is at its maximum 
activity, especially at summer season. 
This means the signal power received by 
receiving instrument will be affected and 
then to be weaken.

The effect of atmospheric stability on 
Cμ

2   

In this subsection, an attempt to 
study the relation between refractive in-
dex structure coeffi cient and atmospher-
ic stability through the different seasons, 
because as shown in previous sub-sec-
tion, there was large variations in Cμ2    val-
ues during these seasons.

Using fast-response data, local Mon-
in–Obukhov length (Λ) was determined 
after calculating u*l and T*l – Eqs. (7) 
and (6) respectively – using the follow-
ing expression (Al-Jiboori, Xu & Qian, 
2002):

3
*

g
lu T
w T

  (8)

where:
g – gravitational acceleration. 

To obtain dimensionless local sta-
bility, it had been divided the height 
Z over Λ, i.e. Z / Λ.The stability values 
were classifi ed to three ranges: unstable 

(–Z / Λ > 0.1), neutral |+0.1| and stable 
(Z / Λ > 0.1).

Under different stability conditions, 
the results of Cμ2  (plotted on Y-axis) 
versus stability parameter (plotted on 
X-axis) for winter, spring and summer 
are presented. To decrease the scatter in   

Cμ2  results, sometimes the logarithmic 
scale is used in some fi gures. In spite of 
lack data, in winter a liner relation is ob-
vious with different slopes where more 
steep appears in summer. The behavior 
of data points can be followed by general 
linear regression:

Cμ2  = α + β · Z/Λ     (9)

The values of constants α (intercept) 
and β (slope) based on experimental re-
sults were determined for each season 
and presented in Table 2.

Unstable conditions. The inverse 
direct relation of Cμ2  with – Z/Λ values 
for three seasons observed as illustrated 
in Figure 5. Across all fi gures, Cμ2   results 
increase toward high values of instabili-
ty with the correlation coeffi cient value 
0.7. The values of instability are larger in 
summer than in winter and spring. This 
associates increasing turbulence intensi-
ty, but the turbulence is sometimes weak 
and the values decrease in the negative 
direction.

TABLE 2. Value of constants α and β according to 
the three seasons

Season
Unstable Neutral

α
Stable

α β α β
Winter 72.0 72.9 12 – –
Spring 202 112 163 0.6 0.4
Summer 1.6 0.8 7 181 3.3 2.0
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In spring season, since a visible phe-
nomenon exists, this means that the tur-
bulence exists but with less in winter and 
an increase with small magnitudes and 
we found that the values near zero and 
negative direction. During summer sea-
son, since the atmosphere is clear, this 
indicates that there is a high degree of 
instability because the turbulence is in-
creasing during the sunny days.

When comparing air stability values 
for the three seasons of this work, they 
have large extent at summer relative to 
two remaining reasons. Of course, this 
come from high heat fl ux due to strong 
solar radiation as well as long summer 
days at Baghdad.

Neutral conditions. Neutral cases 
were determined as remaining after ex-
tracting unstable and stable cases and 
found few points that indicate the cases 

of equivalence. The values in general 
are between 0.08 and +0.1. There was 
no clear variation in Cμ2  values over neu-
tral segment, but seem to be roughly 
constants with values 12,163 and 7,181 
m–2/3 for winter, spring and summer, re-
spectively (Table 1). 

Stable conditions. The number of 
Cμ2  data for stable conditions (Z/Λ > 0) 
were found to be less than that of unsta-
ble conditions, especially for both win-
ter and spring, so they have more scat-
tering as shown in Figure 6. In winter 
and spring, despite the values of Cμ2   are 
small, they show a linear relation with 
increasing stability followed by Eq. (9) 
with values of constants α and β reported 
in Table 2. In other speech, turbulence is 
noted, but with weakness.

Since the thermal turbulence was fair 
in summer season, because the strong 

FIGURE 5. The effect of atmospheric stability under unstable conditions on Cμ2  during three seasons

C
μ2   ·

10
–1

8  [m
–2

/3
]

C
μ2   ·

10
–1

8  [m
–2

/3
]



22 M.H. Al-Jiboori, S.H. Jaber

heating resulting from the sun. The sta-
bility was taken off by spring season, and 
stability increases with increasing turbu-
lence but by a small percentage and the 
reason for the emergence of stability is the 
existence of fog. As shown in Figure 6,
there is a linear relationship and the sta-
bility was tilted to the positive direc-
tion. This behavior can be expressed by 
Eq. (9) with values of constants α and β 
reported in Table 2 for spring and summer 
seasons. The interesting feature here, the 
Cμ2  values in spring and probably winter 
are very small compared to summer even 
under very stable condition. This may 
cause by frequency of weather situations 
such as rain, fog and clouds as shown in 
Table 1 and next sub-section.

In this sub section, the effect of at-
mospheric turbulence on Cμ2  under rainy 
and foggy conditions are also studied. 

Figure 7 shows the diurnal variation of 
rain and fog on Cμ2 . Unfortunately, just 
only three cases of rain are associated 
with the runs of this study, but they are 
provided a good indication about the be-
havior Cμ2  under rain cases, whereas the 
Cμ2  values sharply drop to the minimum 
even though at noon time. That means 
rain can eliminate thermal turbulence ef-
fect, especially at noon time. Fog formed 
can also decrease the Cμ2  values to zero 
especially at night (Fig. 7), and then 
these values increase at day times where 
the fog starting disappears.

Figure 7 shows the extent of the ef-
fect of the rain, although the rain hours 
are few it can be verifi ed that the value 
of Cμ2  decreased almost to zero at 12:00 
and 13:00. Under the fog condition, we 
notice that a low value of Cμ2  starts from 
noon to 14:00 where it reaches almost 
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zero, and fl uctuated, but not much, and 
the highest value is at about 19:00 where 
the weather fog in this period is fogless. 

From the discussion for the present 
paper above, the turbulence intensity ef-
fect on Cμ2  increases at times from 9:00 
to 14:00 where the turbulence was high 
during summer season, while decreasing 
this effect in winter and spring seasons.
There were high fl uctuations in the val-
ues of Cμ2  between the sunrise and sunset 
periods of day, and they were eliminated 
at night. As for the winter season, the 
observed days represented the presence 
of rain. Cμ2  results showed strong relation 
with stability where direct linear rela-
tion under stable, inverse under unstable 
and roughly constant under neutral con-
ditions. Lastly, the Cμ2  values dropped 
sharply to lowest at signifi cant weather 
cases such as rain and fog.
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Summary

Characteristics of Cμ
2  derived from ul-

trasonic anemometer in an urban bounda-
ry layer. Fast-response observations of three 
components of wind and air temperature 

have been applied to calculate the refrac-
tive index function coeffi cient (Cμ2    ), which is 
needed to describe optical wave propagation 
in a turbulent medium. These were measured 
by 3D ultrasonic anemometer installed on the 
roof of the building of Atmospheric Science 
Department which is 19 m above ground 
level. Refractive index function coeffi cient 
was calculated for various periods of three 
seasons: winter, spring and summer.Diurnal 
variations of (Cμ2    ) have been made at the sur-
face layer for these seasons. The results show 
that high values ofmean (Cμ2    ) occurred dur-
ing the day time more than at night, also they 
occurred more in summer than in winter and 
spring. The results of (Cμ2    ) found to change 
with atmospheric stability, whereas they in-
versely decrease under unstable conditions, 
approximately constant at neutral cases, and 
increase under stable conditions. Values of 
(Cμ2    ) on average appears to be lower during 
the rainy and foggy weather cases compared 
to those of clear sky.

Authors address:
Monim H. Al-Jiboori, Sundus H. Jaber
Atmospheric Science Department
College of Science
Palestine Street, P.O. Box 14022
Mustansiriyah University, Baghdad 
Iraq
e-mail: mhaljiboori@gmail.com

Sundushassan91@gmail.com



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


