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Abstract. This paper presents the impacts of different street orientations
and street zones of a typical Dutch residential area on micro-scale human
thermal comfort. The spatial and temporal variation of mean radiant tem-
perature (Tmrt) of a typical summer day in Rotterdam, The Netherlands, is
simulated by using an established long- and short-wave 3D radiation fluxes
model (SOLWEIG). This model calculates human radiation load and
expresses this as a Tmrt. Hereby we simulate and analyse the Tmrt variations
for three zones of a street consisting of a centre area for cars and the adja-
cent pedestrian zones for pedestrians and bicycles. The streets are azimuth
rotated. The simulation and analysis results show various Tmrt patterns of the
three zones in the different orientations at different periods during daytime.
We show that the spatial distribution of Tmrt at street level strongly depends
on street orientation and street zone. This is crucial since optimizing street
configuration will directly influence the human thermal comfort in relation
to street orientation and street zone. Finally we present a time adjusted
framework of thermal comfort and classify the various Tmrt for each zone
and orientation.

Keywords. Thermal comfort; street orientation; street zone; mean radiant
temperature (Tmrt); SOLWEIG. 

1. Introduction 

An increase of extreme summer heat waves around the globe is arising, which has
a strong impact on thermal comfort of people (AR4 IPCC, 2007; National
Assessment Synthesis Team, 2000). Urban design affects microclimates as well as
the energy consumption of buildings. Thus the orientation of streets and their
zones in their relationship to the sun is a key issue not only in design but also in
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biometeorology. Outdoor and micro climate become increasingly popular issues
and generates new collaboration between different fields of research (Brager and
de Dear, 1998). However urban design knowledge on outdoor thermal comfort for
pedestrians remains limited. 

The mean radiant temperature (Tmrt) is an important thermo-physiologically
relevant assessment index. Several European studies show that the perceived tem-
perature during hot summer days directly relates to Tmrt (Mayer et al., 2008). Tmrt

represents the human radiation exposure to all short and long wave radiation
fluxes by weighting the directional components in all six directions (front, back,
left, right, top and bottom) to represent the radiation load on a standardized human
being (Matzarakis et al., 2007). Thorsson et al. (2011) have showed that the Solar
Long Wave Environmental Irradiance Geometry Model (SOLWEIG) presents rea-
sonable Tmrt simulation results for the urban canyon micro climate in Goteborg,
which has a similar maritime climate as the Netherlands (Kottek et al., 2006). We
selected for our simulation a typical summer day such as August 6th, 2009 (Figure
2) akin to Heusinkveld et al. (2010) urban heat stress assessment in Rotterdam via
a mobile platform. Dai et al. (2012) shows that the SOLWEIG model compares
well with Heusinkveld et al. (2010)’s survey results. We constructed a street model
with variable building width and variable orientation and selected the same meteo-
rological data set for our simulation and used SOLWEIG (Figure 3) as a model to
simulate Tmrt in various urban settings, in order to get an overview of spatio-tem-
poral distribution of Tmrt within different zones of a street with different
orientations (Figure 4). 

Some studies have showed that there is a relationship between urban form and
human thermal comfort. For instance, Herrmann and Matzarakis (2012) con-
ducted an analysis on Tmrt in idealised urban canyons using another radiation
fluxes model called RayMan (Matzarakis et al., 2007), which is a point simulation
model for modelling radiation in a complex 3D environment. They also consid-
ered the street orientation impact on Tmrt in idealised urban canyons; however they
simulated the Tmrt along the centre line of the street only. Typically however, peo-
ple are staying in pedestrian-zones which are usually located at the street side.
Hence the mean or centre point’s simulation result can’t differentiate between dif-
ferent zones of street’s Tmrt in detail. In our research we simulate Tmrt for three
zones, namely the centre and two adjacent pedestrian zones to the left and right
side of a street. While Thorsson et al. (2009) showed the spatial variations of Tmrt

with four types of urban forms using SOLWEIG, our research focuses on the var-
ious street orientations and the impact of Tmrt on three zones of a typical street. Dai
et al. (2012) also considered impact of street orientations, but they just considered
North-South and East-West orientations. Bourbia and Awbi (2004) analysed six
street orientations but limited their analysis to shading patterns instead of a Tmrt
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spatial distribution which is more closely related to the human thermal energy bal-
ance or comfort. Ali-Toudert and Mayer (2007) considered E-W, N-S, NE-SW and
NW-SE street orientations by a 3D non-hydrostatic model, called ENVI-met
(Bruse and Fleer, 1998) in a subtropical location. However, in our study we focus
on the spatial-temporal distributions of the three zones of a street in relation to
their orientations in a temperate climate zone. 

The main objective of this study is to investigate the relationship between street
orientations and thermal comfort (characterised by Tmrt) of different zones of a
street using the SOLWEIG model developed by the Göteborg Urban Climate
Group (Lindberg and Grimmond, 2010; Lindberg et al., 2008; Lindberg and
Thorsson, 2009). Hereby we simulate Tmrt for a typical Dutch residential suburb
area with fixed height/width-ratio (h/w) of 1:1 in six azimuth orientations in 30°
steps using the SOLWEIG model. 

2. Method 

A typical height (h) of 15m is selected for idealised urban buildings in Rotterdam
and 15m is chosen for street’ width (w) (akin to Herrmann and Matzarakis’ model
(2012) (h/w=1:1). Rotterdam (approximate Longitude 4°28’ and Latitude 51°55’)
is a harbour city characterized by a temperate maritime climate influenced by the
North Sea and Atlantic Ocean. We build a computer model of an artificial street
by constructing a Digital Elevation Model (DEM). A DEM is a digital 3D model
to present a terrain’s surface (Holmes et al., 2000). Next, six urban canyon ver-
sions were constructed by rotating the DEM in 30° steps, namely 0°, 30°, 60°, 90°,
120° and 150° (Figure 1), hereby the situation in 0° is the same as that in 180°,
and 30° is the same as 210° etc. In the third step, we simulate the streets in their
different orientations in SOLWEIG using nearby weather station data and gener-
ate their Tmrt values for the two pedestrians and the centre zones (Figure 1). 3m is
set as the width of pavements and 9m for the centre zone of the street. Finally we
classify the simulation results into three Tmrt categories and relate them to the
duration of exposure. Left and right is defined based on the orientation of the street
starting from 0° and rotating to 150° as shown in Figure 1.

3. Simulation of Tmrt for different scenarios

The profile of August 6th, 2009 (Figure 2) matches best a diurnal distribution of
temperature and global radiation (smoother diurnal distribution suggests less
wind) which we select for our simulation from each profile of global radiation and
temperature (temperature was almost 24 °C) of each day in summer 2009. 
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Figure 3 shows the workflow for the SOLWEIG model. The Digital Elevation
Model (DEM) (Step 1) is a digital 3D model to present a terrain’s surface infor-
mation (Holmes et al., 2000) to get the matching appropriate Sky View Factor
(SVF) (Step 2). DEM first calculates SVF and it is the fraction of the sky visible
from an observer’ point of view within the street canyon. Then SOLWEIG uses
the SVF to calculate solar radiation (direct and diffuse) for a given longitude, lat-
itude, date and time. We use the default model parameters (Step 3), which
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Figure 1. The idealized urban street scenario (h/w =1:1): showing the study areas of left and right
pavements (each 3m) and the centre zone (9m) of a street and the six orientations.

Figure 2. Profile of Global Radiation (left) in W/m2 and Temperature (right) in °C of Rotterdam
on 6th August, 2009. 
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appeared to simulate correctly for Tmrt within 60°C (Dai et al., 2012). Albedo
(0.15), emissivity for surface (0.95) and emissivity for buildings (0.90) are given
for this study, which are the same setting as Thorsson et al. (2011).

Then we synchronize August 6th, 2009, Rotterdam’s meteorological data
(Rotterdam WMO weather station Zestienhoven, source: KNMI, The Netherlands,
2012), which includes temperature, relative humidity and global radiation for the
simulation day (Step 4) and finally we execute the software to simulate the Tmrt

variation (Step 5). 

4. Simulation Results

Figure 4 below shows the Tmrt simulation results in their six orientations. The sim-
ulation results allow us to study the impact of Tmrt in each street orientation for the
three zones of the street. We focus on the daytime from 5:00 to 19:00.

Figure 4 also shows the diurnal profiles of Tmrt distributions in six street orien-
tations during daytime (5:00-19:00, Coordinated Universal Time: UTC). The
graphs show that the range of Tmrt of all orientations is between 16°C and 56°C. 

We can see clearly the Tmrt differences in the 0° and 150° orientations and sim-
ilar Tmrt patterns in 90° and 120° orientations. In the 0° orientation, the Tmrt of the
left pavement is the highest reaching 56°C at around 11:00h, while the Tmrt of the
centre zone is highest with 45°C at around 8:00h and the right pavement 43° at
around 7:00h respectively. In the 150° orientation, Tmrt of the right pavement is the
highest of 51° at around 12:00h, while Tmrt of the centre zone is the highest of
44°C at around 14:00 and the left pavement 34°C at around 15:00h. 

In the 90° orientation, the three profiles are close to a Standard Normal
Distribution (SND). Tmrt of the right pavement is highest (56°C) at 11:00h, while
Tmrt of the centre is highest (50°C) at 12:00h and Tmrt of the left pavement is high-
est (48°C) at 13:00h respectively. 

In the 120° orientation, the Tmrt of the right pavement is close to a SND and
reaches the highest value (52°C) at 11:00h, while the Tmrt of the centre zone is
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Figure 3. The five steps to simulate Tmrt using the SOLWEIG model.
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highest (48°C) at 13:00h and the Tmrt of the left pavement is highest (46°C) at
14:00. 

Finally in 30° and 60° orientations, the highest Tmrt of the three zones are all
well above 50°C from 9:00h to 13:00h during the simulation day. 

In general, the right pavement is the first area to become warmer, centre is the
second area to get the sunshine and the left pavement is the last zone. For the left
pavement the Tmrt values are higher than that of the other zones in 0° and 30° street
orientations. At the same time, Tmrt value of the left pavement becomes smaller for
the other orientations. Due to the path of the sun and its subsequent exposure, the
right pavement’ Tmrt is higher in the 90°, 120° and 150° orientations. These would
be used to translate to moderate heat stress as we can build buildings in a better
orientation on a better part of street. 

Mean, Standard Deviation, Maximum and Minimum of Tmrt are shown in
Table 1. Based on our results, we use the statistical distribution (Mean plus or
minus Standard Deviation) as a method to classify the thermal comfort into three
levels: Normal (Level I), Warm (Level II) and Hot (Level III). The Tmrt of Level I
are all below 20°C, Level II ranges between 20°C and 49°C and Level III has Tmrt

values above 49°C. The three classifications are shown in Table 2. 
Generally the Tmrt of Level I is considered as a comfortable normal tempera-

ture (note that Tmrt is different from air-temperature: it sums all short and long
wave radiation fluxes and weights the directional components for each up or
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Figure 4. The profile of Tmrt with six street orientations from 5:00 to 19:00 for left, right pavement
and centre of street on August 6th, 2009 in Rotterdam.
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down), Level II is considered as warm – not hot, yet a longer time of exposure will
make people feel uncomfortably warm; and Level III is considered as hot to
extreme hot. Matzarakis et al. (1999) links Physiologically Equivalent
Temperature (PET) to human thermal comfort. They consider “PET > 35” as “Hot,
strong heat stress”, and “PET around 23” as “Comfortable, no thermal stress”.
Mayer et al. (2008) find the relationship between Tmrt and PET according to their
European study results using linear regression. Our classification method aligns
with the results of both Matzarakis et al. and Mayer et al.

The left side of Figure 5 presents the detailed spatio-temporal distribution dif-
ferences of Tmrt in the three zones of the street. Using the above three level
classification we can re-represent our findings clearer as shown on the right scale
of figure. In general, when the left pavement is hot (level III), the right one is cool
(Level I), and vice versa. The hottest Tmrt of the day is around noon. In the 0° ori-
entation, the left pavement sustain high Tmrt of above 49°C. The Tmrt remains in
this level for ca. 6 hours, which means that it is highly uncomfortable and we sub-
sequently reclassify it in a time-adjusted Level III. 

Table 3 shows the time-adjusted classification of three zones and their orienta-
tions. From Figure 5 (right), we can see that some parts of Tmrt in Left 30°-, Centre
30°-, Right 90°- and Right 120°-zones are below 49°C, which is within the range
of Level II. Since the Tmrt in these orientations remain above 49° for a longer
period of time (about 3 hours), we subsequently reclassify them into category
Level III. While some parts of Tmrt in Left 90°-, Centre 60°-, Centre 90°-, Right
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Table 1. Mean, Standard Deviation, Max and Min of Tmrt

Tmrt (°C)

Mean 34.2
Standard Deviation 14.2
Max 61.0
Min 15.3

Table 2. The classification of Tmrt: three levels of thermal comfort:
Level I: Normal, Level II: Warm, Level III: Hot.

Classification of thermal comfort Tmrt

Level I: Normal Tmrt <= 20°C
Level II: Warm 20° < Tmrt <= 49°C
Level III: Hot Tmrt > 49°C
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60°- and Right 150°-zones are in Level III, but only for a short period of time (less
than 2 hour), we assign them to Level II.

5. Conclusion and Limitation

The simulations performed in this study show that street orientation and the three
different zones of a street (right-, left pavement, and centre zone) play an impor-
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Figure 5. Left: Average of three zones’ Tmrt (°C) with the 6 street orientations from 5:00 to 19:00.
Right: Our three level classification results for three zones’ Tmrt (°C).

Table 3. The time-adjusted classification of three zones and their orientations: Level I: Normal,
Level II: Warm, Level III: Hot. Bold indicates the new classification.

Level III Level II Level I

Around 6 h Around 3 h Around 2h Around 1h Around 0h

Left 0° Left 30° Left 90° Right 30° Left 60°
Centre 30° Centre 60° Left 120°
Right 90° Centre 90° Left 150°
Right 120° Right 60° Centre 0°

Right 150° Centre 120°
Centre 150°

Right 0°
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tant role on the local Tmrt. We have simulated separately the three zone of a street
and various orientations to distinguish Tmrt during typical summer day. The results
show that the thermal comfort of the three zones varies:  there are large Tmrt dif-
ferences between 0° and 150° orientation, and 0° is hotter than 150°. For example,
shading elements or trees can reduce the heat gain of the left pavement in the 0°
orientation, the right pavement in the 90° orientation and three sides in 30° and
60° orientations; or in Rotterdam’s context street orientations of 120° and 150° are
better than the others orientations. As the thermal comfort for two pavements
plays an important role to people’s lives, the simulation results can aid in the urban
design and planning in respect of micro-scale climate issues. 

Further research has to be done to include elements such as monthly heat stress
(different months have various sun angle) and other factors, such as vegetation, build-
ing materials, building types, shading, building/street forms, wind, anthropogenic
heat, etc. In addition there are subjective factors impacting the thermal comfort of
people, like personal feelings or people’s activities. Next we plan to transfer this study
to a variety of other climate zones to test its universal validity. Finally our research
aims to combine all the said elements into a parametric model to establish and analyse
spatio-temporal dependencies of urban form to thermal comfort.

References

Ali-Toudert, F. and Mayer, H.: 2007, Numerical study on the effects of aspect ratio and orientation
of an urban street canyon on outdoor thermal comfort in hot and dry climate, Building and
Environment, 42(3), 1553–1554.

“AR4, IPCC”: 2007, Available from: Open Source Repository <http://www.ipcc.ch/publications_
and_data/ar4/syr/en/main.html> (accessed 1Dec 2012).

Bourbia, F. and Awbi, H. B.: 2004, Building cluster and shading in urban canyon for hot dry climate
Part 2: Shading simulations, Renewable Energy, 29(2), 291–301.

Brager, G. S. and de Dear, R. J.: 1998, Thermal adaptation in the built environment: a literature
review, Energy and Buildings, 27(1), 83–96.

Bruse, M. and Fleer, H.: 1998, Simulating surface-plant-air interactions inside urban environments
with a three dimensional numerical model, Environmental Modelling and Software, 13(3–4),
373–384.

Dai, Q., Schnabel, M. A., Heusinkveld, B.: 2012, Influence of height-to-width ratio: Case study on
mean radiant temperature for Netherlands buildings, The 46th Annual Conference of the
Architectural Science Association (ASA2012), Goldcoast, Australia. 8 pages.

Herrmann, J. and Matzarakis, A.: 2012, Mean radiant temperature in idealised urban canyons-exam-
ples from Freiburg, Germany, International Journal of Biometeorology, 56(1), 199–203.

Heusinkveld, B. G., Hove, L. W. A. van, Jacobs, C. M. J., Steeneveld, G. J., Elbers, J. A., Moors, E.
J., Holtslag, A. A. M.: 2010, Use of a mobile platform for assessing urban heat stress in
Rotterdam, Proceedings of the 7th Conference on Biometeorology, Freiburg, Germany, 433–438.

Holmes, K. W., Chadwick, O. A. and Kyriakidis, P. C.: 2000, Error in a USGS 30-meter digital ele-
vation model and its impact on terrain modeling, Journal of Hydrology, 233(1–4), 154–173.

Lindberg, F. and Grimmond, C. S. B.: 2010, Continuous sky view factor maps from high res-olution
urban digital elevation models, Climate Research, 42(3), 177–183.

PEDESTRIAN THERMAL COMFORT IN RELATION TO STREET ZONES 227

2B-202.qxd  4/29/2013  12:19 PM  Page 227



Lindberg, F., Holmer, B. and Thorsson, S.: 2008, SOLWEIG 1.0 – Modelling spatial varia-tions of
3D radiant fluxes and mean radiant temperature in complex urban settings, Inter-national
Journal of Biometeorology, 52(7), 697–713.

Lindberg, F. and Thorsson, S.: 2009, SOLWEIG – the new model for calculating the mean radiant
temperature, The seventh International Conference on Urban Climate, Yokohama, Japan. 17
pages.

Matzarakis, A., Mayer, H. and Iziomon, M. G.: 1999, Applications of a universal thermal index:
physiological equivalent temperature, International Journal of Biometeorology, 43(2), 76–84.

Matzarakis, A., Rutz, F. and Mayer, H.: 2007, Modelling radiation fluxes in simple and complex
environments – application of the RayMan model, International Journal of Biometeorology,
51(4), 323–334.

Mayer, H., Holst, J., Dostal, P., Imbery, F. and Schindler, D.: 2008, Human thermal comfort in sum-
mer within an urban street canyon in Central Europe, Meteorologische Zeitschrift, 17(3),
241–250.

Kottek, M., Grieser, J., Beck, C., Rudolf, B. and Rubel, F.: 2006, World Map of the Köppen-Geiger
climate classification updated, Meteorologische Zeitschrift, 15, 259–263.

“National Assessment Synthesis Team, US Global Change Research Program”: 2000. Available
from: Open Source Repository <http://www.vaccinationnews.com/DailyNews/June2002/
ClimateChangeImpacts21.htm > (accessed 1 December 2012).

“Rotterdam WMO weather station Zestienhoven, source: KNMI, The Netherlands”: 2012. Available
from: Open Source Repository <http://www.knmi.nl/klimatologie/uurgegevens/#no.> (accessed
20 September 2012).

Thorsson, S., Lindberg, F., Bjorklund, J., Holmer, B. and Rayner, D.: 2011, Potential changes in out-
door thermal comfort conditions in Gothenburg, Sweden due to climate change: the influence of
urban geometry, International Journal of Climatology, 31(2), 324–335.

228 Q. DAI AND M. A. SCHNABEL

2B-202.qxd  4/29/2013  12:19 PM  Page 228



<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 901
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50055
  /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 901
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50055
  /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 1500
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /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 <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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 [3600 3600]
  /PageSize [648.000 864.000]
>> setpagedevice


