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ABSTRACT 
The extension of the snow cover and the distribution of different snow types can be considered an 
indicator of global changes and a key parameter in the global radiation balance of the Earth. More-
over, in the mountain regions the possibility to monitor the snow characteristics using remote sens-
ing images can support hydrological studies. The reflectance of snow is determined in part by the 
size and shape of snow crystals, especially in the short wave infrared (SWIR) wavelength region; 
for this reasons it is possible to use remote sensed images to map differences in the snow cover. 
The Specific Surface Area (SSA) of snow is a crucial variable for understanding snow chemistry 
and air snow exchanges of chemical species that can also be related to snow reflectance. This 
study shows how field spectral measurement and SSA data of snow samples can be used as input 
data for classifying Landsat TM SWIR images in order to obtain maps of different snow types. This 
method can be a very useful tool to monitor the snow metamorphism, air-snow exchanges and cli-
mate. 
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INTRODUCTION 
The extent of the snow cover is a key parameter for global change studies as well as for hydrologi-
cal balance calculation in alpine regions; snow cover extent monitoring can be performed using 
remote sensed images and field data (1,2,3). Satellite images, collected in the wavelength range 
400-2500 nm, can be used in order to provide reliable cartography of snow surfaces, but some 
physical characteristics of the snow must be taken into account. Snow is a highly unstable target 
and structural changes of grain size and shape may occur quite rapidly due to climate and atmos-
pheric variations. Even if the spectral contrast between snow and ice is such that these surfaces 
can be easily mapped, the same contrast between different snow surfaces can be very subtle. 
Snow reflectance is due to its light scattering properties, that are a function of the size and shape 
of snow grains and to the absorption by the ice medium and to the presence of impurities (4). In 
the visible range, ice is a weak absorber, and its reflectance is not very sensitive to its physical 
properties but is largely dependent on its impurity content such as soot particles. In the wavelength 
range 1.5 to 2.5 μm, ice is a strong absorber and its albedo is very strongly determined by the size 
and shape of snow grains, while being insensitive to impurities (5). The description of the effect of 
crystal size and shape on snow optical properties is an enormous task (6), and an approximation 
has been proposed (7): snow crystals are considered to be spheres of equivalent surface to vol-
ume ratio (S/V). The benefit of this approach is that the equivalent-sphere size of snow crystals is 
the main physical variable that affects snow scattering properties, shape being often secondary. 

To understand snow cover variability, it also necessary to understand chemistry and air–snow ex-
changes of chemical species (8); this can be done measuring the specific surface area (SSA) of 
snow. The specific surface area (SSA) of snow is defined as the surface area of snow crystals that 
is accessible to gases per unit mass and it is proved that the SSA decreases during snow meta-
morphism as grain size increases. 
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Since it has been shown that the scattering fraction of snow reflectance could be modelled in an 
acceptable manner by spheres of equal S/V, there is a clear link between reflectance ρ and snow 
surface area: SSA=S/(V·ρ). 

In the SWIR region, impurities have little effect, and reflectance is determined by scattering where 
the relation with SSA is much simpler than that in the visible. By simultaneously measuring the 
SSA and the reflectance of snow at Ny-Ålesund (Svalbard, Norway), SSA is found to be the main 
physical factor responsible for the reflectance variations in the SWIR (9). 

Following this consideration, in this paper we present a preliminary study in which Landsat infrared 
images of the Brøggen peninsula (Svalbard) were processed, taking into account field spectroradi-
ometric data and laboratory SSA measurements in order to obtain a distribution map of different 
SSA value in the studied area. 

FIELD AND LABORATORY DATA 
Field data were acquired near Ny-Ålesund, between 21 April and 7 May 2001. The measurements 
were performed under clear sky conditions, with occasionally few scattered clouds far from the 
sun.  

In the field survey the following data were recorded: 

• snow data, particularly referred to grain shape and size in the first 10 cm of the snow pack; 

• reflectance curves in the 350-2500 nm wavelength range; 

• climatic data such as air temperature, cloud cover, wind speed; 

• other ancillary data such as GPS coordinates and description of the investigated sites. 

Measurements of the snow reflectance were carried out with a portable spectroradiometer (Field-
Spec, Analytical Spectral Devices, Boulder, CO, USA), that allows  reflectance data in the 350-
2500 nm spectral range to be acquired by three separate spectrometers, that operate in the ranges 
350-1050 nm, 900-1850 nm and 1700-2500 nm, with 10 nm resolution. 

Fieldspec automatically calculates the reflectance value as the ratio between the incident solar ra-
diation reflected from the surface target and the incident radiation reflected by a reference white 
Spectralon® panel, to be regarded as a Lambertian reflector. For this research work a bare fiber 
optics with a FOV of 25° was used, thus yielding a surface area of about 4 cm2 when the instru-
ment is about 10 cm above the target. Special care was taken that the radiometer was nadir view-
ing over the surveyed surface. All measurements were carried out between 12:00 and 15:00 local 
time, when the solar zenith angle was between 64 and 68°. 

Table 1: Description of sampled sites and conditions during the field survey carried out in 2001 un-
der clear sky condition. 

Sample Date time Sun 
elevation Lat. Long. Elevation Air T 

N°   °   m a.s.l. °C 
1 21/4 12:15 23 78°56.91’ N 11°44.88’ E  45 -11.6 
2 23/4 13:00 23 78°55.29’ N 11°56.75’ E  7 -8.0  
3 26/4 12:30 24 78°47.24’ N 13°03.17’ E  464 -1.0 
4 28/4 13:00 24 78°50.95’ N 11°54.21’ E  5 -0.5 
5 28/4 13:10 24 78°51.80’ N 11°39.01’ E  210 -1.0 
6 03/5 12:30 26 78°53.59’ N 11°50.19’ E  190 -2.6 
7 03/5 13:30 25 78°47.24’ N 12°04.61’ E  240 -1.0 
8 03/5 15:00 22 78°45.80’ N 12°11.39’ E  370 -1.0 
9 04/5 12:40 26 78°55.45’ N 11°55.67’ E  5 -1.0 
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The absolute reflectance was obtained by multiplying this reflectance factor by the reflectance 
spectrum of the panel. The measurement conditions were determined according to (10) and the 
estimated error of absolute reflectance was about 2%. Twenty to 30 measurements were carried 
out for every target, and each measurement represented an integration of 50 acquisition cycles.  

Snow Surface Area (SSA i.e. the surface area of the actual sample, expressed in cm2 per unit 
mass of sample) was measured in a cold room using a volumetric method with Brunnauer, Emmet 
and Teller (BET) analysis (11). Briefly, the principle of the method is to determine the number of 
CH4 molecules that can be adsorbed on the snow surface. In practice, the adsorption isotherm of 
CH4 on the snow has to be recorded. A BET analysis is then used to obtain the surface area (SA) 
from the isotherm. The snow mass was determined by weighing, and the SSA was derived as the 
ratio of SA over mass. The method has a 6% reproducibility and a 12% accuracy. The snow sam-
ples studied and the data obtained are summarised in Tables 1 and 2. 

Table 2: SSA and field reflectance (a replicated measurements) sampled in the TM wavelength range. 

Snow type Sample SSA density Reflectance 

 N° cm2/g g/cm3 TM4 TM5 TM7 
Fresh dendritic snow 1 683 0.013 0.824 0.2030 0.1708 
Needles and dendrites 2 447 0.16 0.878 0.1427 0.1128 
Surface wind crust 3 304 0.34 0.853 0.1055 0.0816 
Deep faceted crystals 4 145 0.22 0.809 0.0347 0.0259 

145 0.767 0.0372 0.0272 
Deep faceted crystals     a5  ⎨ 145 ⎬ 0.21

0.779 0.0306 0.0190 
Deep faceted crystals 6 120 0.27 0.852 0.0313 0.0231 
Rounded crystals, a 
few facets 7 124 0.33 0.859 0.0362 0.0257 

Deep faceted crystals 8 89 0.32 0.789 0.0158 0.0103 
102 0.822 0.0211 0.0135 
102 0.799 0.0209 0.0136 Depth hoar     a9 ⎨ 
102 

⎬ 0.25
0.790 0.0268 0.0184 

TM band (nm)
760 

- 
900 

1550 
- 

1750 

2080 
- 

2350 

 
Figure 1 shows the spectral reflectance of three snow samples, and illustrates that the SWIR re-
flectance is related to SSA, while no obvious relationship appears in the visible.  

The linear correlation coefficient, R2, is always greater than 0.9 from 1100 nm to 2500 nm, where 
the radiometric properties are mainly affected by snow crystal size. In order to compare the SSA 
values with reflectance data deriving from the images, the correlation coefficients were also calcu-
lated taking into account mean reflectance values computed, using a squared function, in the 
wavelength ranges corresponding to Landsat Thematic Mapper bands. As expected from the plot 
in Figure 2, the correlation in the TM visible bands is very low, while it is greater than 0.98 in the 
ranges of TM5; increasing to 0.99 at TM7 range. Given the number of data points, all of these val-
ues indicate correlations significant at levels p<0.01. 

This result clearly suggests that it may be possible to determine snow SSA from its reflectance at a 
single wavelength, or even over an optical band of limited width. Therefore it was possible to ex-
press the relation between reflectance in band TM5 and TM7 as follows (Figure 3):  

TM5      R2 = 0.986      (1) TM53054.2 Reflectance 30.083SSA = ⋅ +

TM7      R2 = 0.990    (2) TM73620.1 Reflectance 47.125SSA = ⋅ +
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Figure 1: Spectral reflectance of three snow samples (red – 1; green – 3; blue – 9; respectively in Ta-
ble 2), illustrating the effect of snow SSA on reflectance in the IR, and the lack of effect in the visible.  
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Figure 2: Correlation between SSA and field reflectance measured at Ny-Ålesund, red squares 
show the TM spectral range. 
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Figure 3: Relationship between SSA and reflectance calculated for TM bands 5 and 7. 
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IMAGE PROCESSING  
A Landsat Thematic Mapper image of 26 April 1998 was acquired, and radiometric calibration using 
ENVI routine (12) was performed in order to obtain reflectance values from DN values. TM5 and TM7 
bands were corrected using “dark object” correction, considering sea water as valid dark object for 
these wavelength ranges (13). The reflectance values, derived from the images, were compared with 
spectroradiometric data collected in the same region on flat areas during the snow surveys carried out 
on 26 April 1998 (14). The good agreement between image-reflectance values and field-reflectance 
values suggests that further atmospheric and geometric corrections are not necessary. 

Using the relation between reflectance and SSA for band TM5 and TM7 (Figure 3 and Eq. (1) and 
(2)) the reflectance values of TM5 and TM7 images were sliced into seven classes corresponding 
to seven SSA ranges (0 - 700 cm2/g) (Table 3).  

Table 3: Reflectance values from Landsat TM5 and TM7 and corresponding SSA values. These 
values were also used to classify the images. 

SSA (cm2/g) 100 200 300 400 500 600 700 

Reflectance TM5 0.0223 0.0556 0.0884 0.1211 0.1539 0.1866 0.2193 

Reflectance TM7 0.0145 0.0418 0.0692 0.0966 0.1239 0.1513 0.1787 

In both cases, a good agreement with the field observations was observed also according to the 
image spectral classification presented in our previous paper (15). 

The maps obtained for band TM5 and TM7 are presented in Figures 4 and 5, respectively; the col-
ours correspond to different values of SSA. As in Figure 1, fresh snow is presented in red, wind 
crust in green, while blue represents the snow with faceted crystals. This latter type of snow is 
mainly located along the glacier, where at that time of the year (early spring) the snow was submit-
ted to metamorphic processes. Sun face surface (white) was not classified nor were shaded areas 
(black). Also, a good correlation between images data and the ’98 snow surveys is found in this 
case. 

CONCLUSIONS 
The results of the classification procedures adopted in this study demonstrate that it is possible to 
discriminate snow cover with different values of SSA using Landsat infrared images. This was 
made possible by a good knowledge of the spectral and structural features of the snow targets 
achieved at the ground. This study also underlines that the range of Landsat infrared bands can be 
used to describe the distributions of the different types of snow, since at these wavelengths, ab-
sorption is very high and the size of the particles is the main factor on the diffusion of light. Given 
the relations between SSA and snow reflectance in the SWIR wavelengths, it is possible to proc-
ess remote sensed images in order to describe the spatial distribution of physical characteristics of 
the snow cover. Applying this methodology it is then possible to obtain SSA maps directly by im-
ages, improving  the snow  metamorphism studies as well as the  climate and hydrology studies. 
This procedure was tested in an area, where climatic conditions are fairly similar in every season 
and where snow characteristics are spatially constant, thus minimizing the variety of snow types 
present in a Landsat image. This technique can be exported to other sites at different latitudes. 
Further improvements in this application will be developed when remote sensing data are acquired 
in the 900-1300 nm wavelength range and if the temporal resolution of acquisitions on mountain 
regions is increased. 
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Figure 4: A Landsat 5 TM5 image classified according to Eq. (1). Colour corresponds to different 
snow types according to reflectance curves of figure 1 (fresh snow – red, wind crust – green, snow 
with faceted crystals – blue, unclassified – black, Sun face surface – white). 

 
Figure 5: A Landsat 5 TM7 image classified according to Eq. (2). Colour corresponds to different 
snow types according to reflectance curves of figure 1 (fresh snow – red, wind crust – green, snow 
with faceted crystals – blue, unclassified – black, Sun face surface – white). 



EARSeL eProceedings 7, 1/2008 74 

ACKNOWLEDGEMENTS 
The field work of Rosamaria Salvatori in Svalbard was supported by the CNR Arctic Strategic Pro-
ject, while the field work of Florent Dominé in Svalbard was supported by the French Polar Institute 
(IPEV) under the POANA program. 

REFERENCES 
 
1  Painter T H, A D Roberts, R O Green & J Dozier, 1998. The effect of grain size on spectral 

mixture analysis of snow covered area from AVIRIS data. Remote Sensing of Environment, 
65: 320-332 

2  Painter T H, J Dozier, A D Roberts, R E Davis & R O Green, 2003. Retrieval of subpixel snow-
covered area and grain size from imaging spectrometer data. Remote Sensing of Environ-
ment, 85: 64-77 

3  Dozier J, 1989. Spectral signature of alpine snow cover from Landsat Thematic Mapper. Re-
mote Sensing of Environment, 28: 9-22 

4  Warren S G, 1982. Optical properties of snow. Reviews of Geophysics and Space Physics, 20: 
67-89 

5  Sergent C, C Leroux, E Pougatch & F Guirado, 1998. Hemispherical–directional reflectance 
measurements of natural snows in the 0.9–1.45 μm spectral range: comparison with adding–
doubling modelling. Annals of Glaciology, 26: 59–63 

6  Wiscombe W J & S G Warren, 1980. A model for the spectral albedo of snow. I: pure snow. 
Journal of Atmospheric Sciences, 37: 2712-2733 

7  Neshyba S P, T C Grenfell & S G Warren, 2003. Representation of a nonspherical ice particle 
by a collection of independent spheres for scattering and absorption of radiation. 2. Hexagonal 
columns and plates. Journal of Geophysical Research, 108: 4438-4448 

8  Dominé F & P B Shepson, 2002. Air–snow interactions and atmospheric chemistry. Science, 
297: 1506-1510 

9  Dominé F, R Salvatori, L Legagneux, R Salzano, M Fily & R Casacchia, 2006. Correlation be-
tween the specific surface area and the short wave infrared (SWIR) reflectance of snow. Cold 
Regions Science and Technology, 46: 60-68. 

10  Casacchia R, R Salvatori, A Cagnati, M Valt & S Ghergo, 2002. Field reflectance of snow/ice 
covers at Terra Nova Bay Antarctica. International Journal of Remote Sensing, 23: 4563-4667 

11  Legagneux L, A Cabanes & F Dominé, 2002. Measurement of the specific surface area of 176 
snow samples using methane adsorption at 77 K. Journal of Geophysical Research,107: 4335 

12  ITT Corporation, 2007. ENVI 4.3 User’s Guide 

13  Bourdelles B & M Fily, 1993. Snow grain-size determination from Landsat imagery over Terre 
Adélie, Antarctica. Annals of Glaciology, 17: 86-92 

14  Casacchia R, F Lauta, R Salvatori, A Cagnati, M Valt & J B Orbaek, 2001. Radiometric inves-
tigation on different snow covers in Svalbard. Polar Research, 20: 13–22 

15  Salvatori R, R Casacchia, A Grignetti, M Valt & A Cagnati, 2005. Snow surface classification in 
the Western Svalbard Island. In: 31th International Symposium on Remote Sensing of Envi-
ronment: Global Monitoring for Sustainability and Security (Saint Petersburg, Russia, 20-24 
June 2005) http://www.isprs.org/publications/related/ISRSE/html/papers/898.pdf (last date ac-
cessed: 21.04.2008) 

http://www.isprs.org/publications/related/ISRSE/html/papers/898.pdf
http://www.isprs.org/publications/related/ISRSE/html/papers/898.pdf

	0BREFERENCES


<<
  /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
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


