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ABSTRACT

Portugal has a diverse landscape that provides a variety of habitats for birds. Many species of birds
that breed in Portugal migrate south in the autumn and return in the spring. Portugal also serves as a
wintering ground for several northern species. Since migrating bird species sometimes cover long
distances and several habitats, they can serve as indicators of the overall health of the environment.
This study investigate the possibility of using geostatistics to predict the diversity of bird species over
a given area and using these predictions as a basis for the conservation of ecosystems. The study
involves the use of 2007 data from the Portuguese common bird census conducted by Sociedade
Portuguesa para o Estudo das Aves (SPEA) and using European Environmental Agency's CORINE
Land Cover classification. Geostatistical interpolation techniques were used to build prediction
models. GIS was used to extract both habitat information and the predicted diversity values. The
results showed the habitat preferences based on the predictions. The combination of diversity
modeling and habitat characterization can be used to aid conservation efforts in identifying key
habitats of importance for each category. The study will also conduct comparative analysis of the
interpolators and an assessment of their accuracy.

Keywords: bird migration, biodiversity, conservation, kriging, inverse distance weighting, habitat
characterization, breeding birds, CORINE Land Cover.

1 INTRODUCTION

The 2002 Rio de Janeiro World Summit of Sustainable Development set a goal “to achieve by
2010 a significant reduction in the current rate of loss of biological diversity”. Therefore, in order to
achieve this objective there is a need to identify species that are at risk or in deteriorating numbers.
Breeding bird species occupy a variety of habitats, many of them created and/or altered by humans,
and thus have the potential to serve as indicators of the sustainability of land use activities. Similarly,
migrant birds react to changes in environmental conditions by making regional alteration to their
migration routes and stopovers (Tankersley, 2004). Furthermore, these environmental conditions may
correspond to rainfall patterns, food availability (Sanderson et al, 2006) and habitat degradation.

BirdLife International' held its World Conference in Buenos Aires in 2008 and launched a “State
of the World’s Birds” publication which declared that “common birds are in decline across the world,
providing evidence of a rapid deterioration in the global environment that is affecting all life on earth”
(BirdLife International, 2008).

! BirdLife International is a global Partnership of conservation organisations that strives to conserve
birds, their habitats and global biodiversity, working with people towards sustainability in the use of
natural resources.
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1.1 Study Rationale

Europe serves as a breeding ground for many Afro-Palearctic species and studies have shown
that many of these species are in decline due to human pressure (Sanderson et al, 2006). This decline
is solely due to the propagation of human-induced activities; chief among them is habitat loss and
fragmentation. The latter term refers to the condition of a landscape after it is divided into solitary
leftover plots.

A partnership between BirdLife International and the European Bird Census Council (EBCC)
established the Pan-European Common Bird Monitoring Scheme (PECBMS) in January 2002 to
investigate the application of breeding bird population dynamics as biodiversity indicators in Europe.
The focus of the PECBMS has been breeding bird populations in agricultural land and woodland (as
illustrated by Figure 1) because both are greatly influenced by human activity and because
approximately 44% of the rural European landscape is agricultural (Telleria et al, 2003) and 30%
consists of temperate and boreal forest (Tucker & Evans, 1997).
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Figure 1: The decline of European common birds (BirdLife International, 2008).

Portugal is of importance because it hosts many of the common species that reside in the
aforementioned habitats. Traditionally farmed landscapes often consist of complex and extensive
mosaics with high levels of biodiversity (Wolff et al, 2001). Traditional Portuguese farming which
focuses on low-input agriculture is steadily abandoned for more intensified methods due to high
economic demand.

1.1.1 Objective

The purpose of this study is to compare the interpolation methods available in ArcGIS in the
modelling of bird species richness and to overlay CORINE land cover classes with the interpolation
results in order to extract habitat preference from each interpolated point. Using root mean square
error, the accuracy of the interpolators will be determined. It is hoped that this will enable the
prediction of diversity of species across habitats and aid in formulating conservation measures. An
important note to consider is that this study uses data based on a set collection method, established by
the providing agency (see Section 2), in which the authors have no control.
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1.2 Study Area

The study area is located south of the city of Lisbon, Portugal, in the Distrito of Setubal (as
illustrated by Figure 2). Under the 1973 Hayford Gauss IPCC projection, it lies between latitudes
38°40'47.744"N and 38°24'26.917"N and between longitudes 9°13'26.79"W and 8°58'15.33"W. The
area encompasses 333.82 square kilometres and lies in four Portuguese 10km by 10km National UTM
Grid squares: MC85, MC86, MC87 and MC95. This area was chosen because of the contiguity of the
UTM squares and the consistent temporal distribution of the data.
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Figure 2: Satellite image of the study area.
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Figure 3: Overview of the study area with bird count locations.
2 METHODOLOGY

Material for this study was provided by Sociedade Portuguesa para o Estudo das Aves (SPEA) as
part of the organization’s Censo de Aves Comuns (Common Bird Census) which is the Portuguese
contribution to the PECBMS. Data included twenty habitat characterizations and point counts in each
10km UTM square that spans the study area (Figure 3). Quality control measures for data collection
established by SPEA involved:

. A compulsory greater-than one kilometre spacing between observation points,

. The designation of two recording distances (< 25m and > 25m) to avoid double counting,

. A representative proportionality of major habitat types between the UTM square and each
point observation, and

. The non-placement of observation points at habitat transition boundaries.

Two visits (in this study: April 15™ and May 18"™) on clear days were conducted per year with
each visit spanning between dawn and 11:00 hours. For consistency, the same predetermined points
were used for each visit.

Initial data was provided in the form of two Microsoft Excel files containing data on the point
counts (xIsA) and habitat characterization (xIsB) for each location (as illustrated by Figure 4).

Software used in the study includes Microsoft Excel, GeoMS and ArcGIS.
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Figure 4: Species point count data (xIsA) and habitat codes (xIsB).

2.1 Preprocessing

The data had to undergo preprocessing in order to make it ready for analysis. The files that were
provided lacked the format necessary for input into the GeoMS and ArcGIS software. Therefore, the
files were organized in a manner that would preserve necessary information while discarding
irrelevant ones. The first step was to organize the data into a consistent temporal format. The year
2007 was selected henceforth because both the observations in that year covered all four squares. The
next step was to aggregate the observed species for each point; the underlying principle is to get the
total number of species per observation point which would be a measure of the diversity. The data
was then split into two files based on the months of the visits (April and May) and then converted into
a *.dbf format. Furthermore, in order to use the data in GeoMS, duplicate files were created for each
visit that each contained three columns: X-coordinates, Y-coordinates and Species Diversity.

The location data was provided in two formats; high resolution, scanned topographic maps of
each square and moderate resolution, scanned field topographic maps. The latter were used as a
reference base since they contained the actual points, the former were used as digitizing surface since
they were identical to the field maps. The images were georeferenced to an outline of the study area
downloaded from the Portuguese Geographic Institute.

All points were digitized as accurately as possible and in the sequence of the original visit (as
illustrated by Figure 5). The XY coordinates of each point were obtained post-digitization. The points
overlaid on the georeferenced topographic images (as illustrated by Figure 6).

Each point was given a unique ID which includes the point number and the square to which it
belongs in order to avoid confusion since the number sequence for each square was identical.
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Figure 5: Digitizing the observation points.
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Figure 6: All the digitized points presented on the georeferenced topographic maps in a color-coded
format that represents the four UTM squares.

2.2 Exploratory Data Analysis
Prior to employing geostatistical analysis, the data had to undergo Exploratory Data Analysis
(EDA). The purpose of the EDA is the inspection of the data properties for reasons of detection of
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patterns in the dataset. GeoMS was employed to explore the data (as illustrated by Figure 7 and 8). In
figures below both histograms display positive skewness.

Histogram Distribution Function Box-Plot
b 25 Fiv)
220 10
140 0.5
~
oo oo an 9.5 170
Visitl Visitl

UHTWVARIATE STATISTICS

Samples @ 79 Mingmomn 2.0 75 Parc il ANOMALOTTS

Mlean, F 7] 5 Prarc : 30 85 Perc 110 Large Madmonn : 20.0

Variance 1027 15 Perc o 40 25 Perc B ] Minironn 0 4.0
St Dew. o 321 25 Paxc H Macdnann . ] Simall Madronn ;. 140
CoefVar. @ 0.41 Medim ) Coef, Skewmess @ 075 Mingromnm 0 2.0

Figure 7: EDA of the first visit.
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Figure 8: EDA of the second visit.

2.3 Geostatistical Interpolation

Two interpolators were used in this study; Inverse Distance Weighting and Ordinary Kriging.
Inverse Distance Weighting is a deterministic method which works on the principle of identification
of a neighborhood around the point to be interpolated and a weighted average is calculated of the
values within the neighborhood, the weights decrease with distance. Ordinary Kriging is similar to
Inverse Distance Weighting in that it calculates the surrounding measured values to derive a
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prediction. However, unlike Inverse Distance Weighting, the weighted calculations are not based
solely on the distance but also on the overall spatial composition between the measured points. In
order to for the spatial composition in the weights to be used, the spatial autocorrelation must be
quantified. This means that a statistical connection between values at sampled points is ascertained
and this connection is then employed to make predictions concerning unsampled points.

2.3.1 Inverse Distance Weighting

The Inverse Distance Weighting (IDW hereafter) function of the Geostatistical Analyst extension
in ArcMap was used to produce the interpolated surfaces. The ten nearest neighbours and a power
value of 2 were used in the creation of the interpolated surface (as illustrated by Figure 9). Subsequent
to the creation of the prediction surfaces, Spatial Analyst’s Raster Calculator (as illustrated by Figure
10) was used to determine which observation points had an increase or decrease in bird species
between the two visits based on the interpolation. This means that areas where there was high
diversity during the first visit experienced a reduction in species due to migrants moving further north
and breeders moving to preferred breeding habitats. Similarly, breeding habitats which displayed low
bird diversity during the migration season receive a boost in the number of species during the second
visit.
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Figure 9: IDW interpolation for the first and second visit displaying species diversity.
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Figure 10: Raster calculator used to determine increase or decrease in species between the two
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2.3.2 Ordinary Kriging: Structural Analysis

Prior to the Ordinary Kriging (OK) interpolation, a semivariogram was built which displayed the
spatial continuity in the data. The mathematical model produced by the semivariogram was then used
in calculating estimates of the surface at different points. The semivariogram is a function that
provides half the variance of the continuity between all points separated by /4 and is inversely
proportional to the distance of points. Semivariogram will be near the variance of the entire surface
when it reaches the Sill at a distance known as the Range which is the distance where there is no
evidence of spatial dependence. The computation of all likely combination of different pairs at
various distances will be performed. The initial distance used is called Lag and will be modified
through the dataset. Each point is evaluated against all other points to establish the variance between
the points that have identical Lag distance and their geographical position. This process is repeated
until every possible distance is examined. An isotropic semivariogram model was assumed due to the
fact that bird species are abundant and dispersed across the region in various habitats; additionally the
EDA did not reveal trends in any particular direction.

Theoretically, the semivariogram should be zero at the origin, this was not the case with the
semivariograms produced in this study and a nugget had to be applied. The nugget is the height of the
jump from the origin and it represents either variation at distances smaller than the sample spacing or
measurement error. Figures 11 and 12 illustrate the semivariograms produced using GeoMS.
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Figure 11: Semivariogram of the first visit.
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Figure 12: Semivariogram of the second visit.

2.3.3 Ordinary Kriging: Interpolation
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Ordinary Kriging provides both a prediction and a standard error of the prediction at unsampled
locations. The standard error provides a level of the uncertainty encountered at each predicted
location. Figure 13 illustrates the OK prediction for the first and second visit.
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Figure 13: Ordinary Kriging interpolation displaying species diversity for the first and second visit.
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2.4 Incorporating Land Cover Information

Although habitat information for each point was included with the provided dataset, it was found
that this data differed from the CORINE Land Cover (CLC) project of the European Environmental
Agency (EEA). Therefore, a decision was made to utilize the CLC as it provides the basis for
integrated decision-making and environmental assessment for the EEA. Comparison was made by
overlaying the CLC map (as illustrated by Figure 14) with the observation points and extracting the
polygon attributes into the points that contained XY coordinates. This resulted in point features that
contained CLC information which in turn could be overlaid on IDW (as illustrated by Tables 1 and 2)
and OK (as illustrated by Tables 3 and 4) prediction maps to determine species diversity per habitat

type.
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Figure 14: CLC classes were used to derive the habitat information.
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PointID CLC_CODE | LABEL

4MC86 112 Discontinued urban fabric

10MC86 | 212 Permanently irrigated land

IMC85 242 Complex cultivation patterns

4MC85 242 Complex cultivation patterns

15MC85 243 Agricultural land with significant natural vegetation
12MC85 243 Agricultural land with significant natural vegetation
17MC95 243 Agricultural land with significant natural vegetation
17MC86 312 Coniferous forest

16MC86 312 Coniferous forest

2MC86 312 Coniferous forest

18MC95 | 322 Moors and heathland

SMC95 324 Transitional wood-shrub

18MC86 | 324 Transitional wood-shrub

TMC86 324 Transitional wood-shrub

16MC87 | 421 Salt marshes

Table 1: The 15 highest bird diversity points for the first visit extracted from the IDW interpolation.
Highlighted habitats are those that do not occur in the 15 highest for the second visit.

PointID CLC_CODE | LABEL

4MC87 112 Discontinued urban fabric

TMC95 242 Complex cultivation patterns

6MC85 242 Complex cultivation patterns

14MC87 | 243 Agricultural land with significant natural vegetation
3MC85 243 Agricultural land with significant natural vegetation
8MC85 243 Agricultural land with significant natural vegetation
8MC95 311 Broad-leaved forest

IMC95 312 Coniferous forest

20MC87 312 Coniferous forest

2MC87 312 Coniferous forest

12MC87 312 Coniferous forest

14MC86 312 Coniferous forest

2MC85 312 Coniferous forest

3MC86 313 Mixed forest

3MC95 323 Sclerophyllous vegetation

Table 2: The 15 highest bird diversity points for the second visit extracted from the IDW
interpolation. Highlighted habitats are those that do not occur in the 15 highest for the first visit.
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PointID CLC_CODE | LABEL

4MC86 112 Discontinued urban fabric

6MC95 211 Non-irrigated arable land

10MC86 | 212 Permanently irrigated land

8MC86 212 Permanently irrigated land

4MC95 243 Agricultural land with significant natural vegetation
IMC95 243 Agricultural land with significant natural vegetation
IMC86 312 Coniferous forest

16MC86 | 312 Coniferous forest

17MC86 | 312 Coniferous forest

12MC86 | 312 Coniferous forest

18MC9S | 322 Moors and heathland

TMC86 324 Transitional wood-shrub

19MC86 | 324 Transitional wood-shrub

SMC95 324 Transitional wood-shrub

18MC86 | 324 Transitional wood-shrub

Table 3: The 15 highest bird diversity points for the first visit extracted from the OK interpolation.
Highlighted habitats are those that do not occur in the 15 highest for the second visit.

PointID CLC_CODE | LABEL

4MC87 112 Discontinued urban fabric

13MC87 112 Discontinued urban fabric

6MC95 211 Non-irrigated arable land

TMC95 242 Complex cultivation

4MC95 243 Agricultural land with significant natural vegetation
14MC87 243 Agricultural land with significant natural vegetation
SMC95 311 Broad-leaved forest

IMC95 312 Coniferous forest

2MC87 312 Coniferous forest

IMC87 312 Coniferous forest

20MC87 312 Coniferous forest

10MC87 | 313 Mixed forest

19MC87 | 321 Natural grasslands

SMC95 324 Transitional wood-shrub

SMC87 324 Transitional wood-shrub

Table 4: The 15 highest bird diversity points for the second visit extracted from the OK interpolation.
Highlighted habitats are those that do not occur in the 15 highest for the first visit.
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3 RESULTS

The two interpolators gave similar predictions about the diversity of species in different habitats.
The highlighted rows of tables 1 through 4 display habitats that did not occur in either the first visit
(with respect to the second) or second visit (with respect to the first) for each interpolator. This
signifies a particular preference of these habitats. For the first visit IDW predicted an increase in
diversity in permanently irrigated land, moors and heathland and transitional woodland-shrub while
OK predicted a diversity increase in permanently irrigated land and moors and heathland. For the
second visit IDW predicted an increase in diversity in broad-leaved forest, mixed forest and
sclerophyllous vegetation while OK predicted diversity increase in complex cultivations, broad-
leaved forest, mixed forest and natural grasslands.

It is taken into account that the first visit corresponds to the migration season while the second
visit corresponds to the breeding season. The predictions presented by both interpolators corroborate
earlier studies that displayed increased richness and diversity in breeding birds across the gradient:
low shrublands - tall shrublands = conifer - mixed - deciduous > agricultural areas (Moreira et
al, 2001).

3.1 Error Calculation

In order to calculate error in the interpolated surfaces, the root mean square error (RMSE) was
employed. RMSE is a measure of the mean error across an interpolated surface and is used to estimate
the difference between the predicted and observed values.

The RMSE of the IDW interpolation for the first visit was 2.997 and for the second visit 2.518
(as illustrated by figure 15). RMSE values of the OK for the first visit and second visit were 2.888
and 2.448 respectively (as illustrated by Figure 16). It is deduced from these numbers that OK is the
more accurate method for modeling species diversity. Furthermore, OK has an additional advantage
in that it provides a Prediction Standard Error Map (as illustrated by Figure 17) that visually displays
prediction accuracy across the surface.
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Figure 15: Prediction errors for the IDW interpolation.
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Figure 16: Prediction errors for the OK interpolation.
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Figure 17: Prediction Standard Error map for the Ordinary Kriging interpolation.
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4 CONCLUSIONS

Although the selected study area is not representative of the overall Portuguese landscape, it does
provide an insight into the diverse types of habitats available to breeding and migratory birds in the
country. Migrant birds are able to alter their migration routes in response to environmental changes
and this might cause the failure of a migration and subsequently an unproductive breeding season.
Since Portugal itself provides both migration stopovers and breeding habitats for birds, it is crucial to
protect habitats, such as the ones identified in this study, in order to stop declines in biodiversity and
achieve the 2002 Rio de Janeiro World Summit of Sustainable Development’s goal to achieve a
significant reduction in the current rate of loss of biological diversity by 2010.

Even though the margin of accuracy between IDW and OK is rather small, and both interpolators
produced similar results, this study has demonstrated the potential of using geostatistical interpolation
in the prediction of species diversity. Additionally, the study has shown the importance of
incorporating habitat data and coordinates into bird counts; many countries have annual, semi-annual
or quarterly bird counts that are recorded with diligence but often without such records. The inclusion
of habitats and coordinates will not only aid ornithological research by providing spatially explicit
quantitative and qualitative data but will also support the overall conservation of both the habitat and
the species.

ACKNOWLEDGEMENTS

This work has been supported by the European Commission, Erasmus Mundus Programme,
M.Sc. in Geospatial Technologies, project no. 2007-0064. We would like to thank Ana Meirinho of
Sociedade Portuguesa para o Estudo das Aves for providing the data, Prof. Doutor Pedro Cabral and
Prof'. Ana Cristina Costa of Instituto Superior de Estatistica e Gestdo de Informagdo (ISEGI),
Universidade Nova de Lisboa, for their invaluable assistance while working on this project.

BIBLIOGRAPHY

BirdLife International, 2008 Europe-wide monitoring schemes highlight declines in widespread
farmland birds. Retrieved December 26, 2008, from BirdLife State of the world's birds :
http://www.biodiversityinfo.org/sowb/casestudy.php?r=state&id=22

Moreira, F., Ferreira, P. G., Rego, F. C., & Bunting, S., 2001 Landscape changes and breeding bird
assemblages in northwestern Portugal: the role of fire. Landscape Ecology , 175-187.

Sanderson, F. J., Donald, P. F., Pain, D. J., Burfield, L. J., & van Bommel, F. P., 2006 Long-term
population declines in Afro-Palearctic migrant birds. Biological Conservation , 93-105.

Tankersley, J. R., 2004 Migration of Birds As An Indicator of Broad-Scale Environmental Condition.
Environmental Monitoring and Assessment , 55-67.

Telleria, J. L., Baquero, R., & Santos, T., 2003 Effects of forest fragmentation on European birds:
implications of regional differences in species richness. Journal of Biogeography , 621-628.

Tucker, G. M., & Evans, M. 1., 1997 Habitats for birds in Europe: a conservation strategy for the
wider environment. Birdlife International. Cambridge, United Kingdom. ISBN 0946888329.

Wolff, A., Paul, J.-P., Martin, J.-L., & Bretagnolle, V., 2001 The benefits of extensive agriculture to
birds: the case of the little bustard. Journal of Applied Ecology , 963-975.




<<
  /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


