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Motivation 
• NOAA’s National Air Quality 

Forecast Capability (NAQFC) 
program provides forecasts about 
air quality conditions that may 
pose a significant risk to human 
health. 

• Wildfires can contribute a 
significant fraction of total PM2.5 
during severe smoke episodes. 

• Quantifying fire emissions and 
their impact on air pollution 
remains an important challenge as 
wildfire activity increases in the 
United States. 
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HYSPLIT-based smoke forecast from the 
NOAA NAQFC 



Motivation 
• Fire emissions depend on: 

– Fire type and size 
– Meteorology and fire activity 
– Available fuel (biomass) to burn 
– Fraction of fuel consumed 
– Fuel moisture 
– Fire behavior 

 

• Current NAQFC methodology 
does not fully account for the 
spatial heterogeneity of fuel 
loading across the fire footprint. 
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The perimeter of the Soberanes Fire in 
California in July 2016 showing the FCCS fuel 
beds and NAQFC fire emissions grid points. 



Project Goals 
• Improve NAQFC HYSPLIT smoke forecasts through 

– Improved characterization of biomass burning conditions 
– Use of the best available data on fire activity, daily fire 

progression, and fuel loading. 

• Implement a modeling pathway through prototype 
software that (1) interfaces with BlueSky Framework 
and (2) can be tested and used in the NAQFC. 

• Test and evaluate for July 2016. 
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Project Goals 
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Overview of Python data processing software. 



Fire Information Data 
• Geospatial MultiAgency 

Coordination (GeoMAC) fire 
perimeters for large wildfires 
with an active firefighting 
response. 

• Suomi-NPP VIIRS I-Band 375 m 
active fire detections product. 

• NOAA Hazard Mapping System 
(HMS) hotspot product with 
manual analysis to support 
NAQFC HYSPLIT forecasts. 
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Soberanes Fire progression map.  



GeoMAC Fire Progression 
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GeoMAC fire perimeters for the Soberanes Fire on (1) July 23, (2) July 
28, and (3) July 30, 2016. 
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Analysis Approach 
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• Acquire and process fire activity 
data. 

• Estimate fuel loading (FCCS 30 m 
data from LANDFIRE). 

• Link fuel loading to BlueSky 
Framework. 

• Estimate fuel consumption and 
smoke emissions within BlueSky 
Framework. 

• Estimate smoke concentrations 
using HYSPLIT. 

• Compare to NAQFC results and 
evaluate against PM2.5 
observations. 

VIIRS satellite image showing smoke from the 
Soberanes Fire on July 24, 2016. From NASA 

LANCE/EOSDIS Rapid Response. 



Smoke Modeling Approach 
• HYSPLIT v4.9 (revision 504) 
• BlueSky Framework version 3.5.1 
• FCCS 30 m 
• Particle mode 
• Meteorology: NAM12 
• Receptor grid: 0.15 x 0.15 degrees (similar to 

NAM12) 
• Output surface (0-100 m AGL) and column  

(0-5 km AGL) PM2.5 concentrations 
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Clumping and Reconciliation 
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Soberanes Fire, July 2016 

Before Clumping After Clumping After Reconciliation 



July 2016 Daily Fire Locations 
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Black – NAQFC 
Red – STI 



Acres Burned in July 2016 
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Area Burned by State 
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MODIS Aqua satellite image 
from July 3, 2015, showing a 
burn scar from the Hot Pot 
Fire in northern Nevada. 



Fuel Loading and Consumption 
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Tons Tons/acre 



Emissions 
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July 2016 Emissions Estimates 



HYSPLIT Smoke Predictions 
July 29, 2016 
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Operational NAQFC Revised Modeling Pathway 



Comparison to AOD 
July 29, 2016 
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Operational 
NAQFC 

Revised Modeling 
Pathway 

MODIS Deep Blue AOD 



Time Series Comparisons 
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HYSPLIT modeling includes only primary PM2.5 emissions from fires, 
and does not account for other emissions or chemical transformations. 



Evaluation Against PM2.5 Observations 
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Conclusions 
• GeoMAC can substantially improve fire activity and emission 

estimates, particularly in the western United States. 
• The GeoMAC data stream captures some fires that are 

missed in the operational NAQFC inventory. 
• HYSPLIT simulations predicted similar spatial patterns of 

surface and column smoke, but subtle differences might be 
important for forecast end users. 

• The revised modeling pathway improved daily PM2.5 
predictions on both concentration and air quality index (AQI) 
bases. 
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Recommendations 
• It is worthwhile to pursue expanded testing and 

evaluation over a longer time period and a wider 
range of fire and smoke conditions.  

• Coordination and synthesis between fire and air 
quality communities can improve smoke forecasts. 

• High spatial-resolution fire footprints may be even 
more beneficial for higher-resolution systems (e.g., 
3-km resolution HRRR-Smoke forecast product). 
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Contact 
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Kenneth Craig 
Manager, Atmospheric 
Modeling Group 
kcraig@sonomatech.com 
707.665.9900 

707.665.9900       sonomatech.com       @sonoma_tech 

mailto:kcraig@sonomatech.com


Acronyms 
• AGL: Above ground level 
• AOD: Aerosol Optical Depth 
• AQI: Air quality index 
• FCCS: Fuel Characteristic 

Classification System 
• GeoMAC: Geospatial MultiAgency 

Coordination  
• HMS: Hazard Mapping System  
• HRRR: High Resolution Rapid 

Refresh 
• HYSPLIT: Hybrid Single Particle 

Lagrangian Integrated Trajectory 
Model 

• MODIS: Moderate Resolution 
Imaging Spectroradiometer 

• NAM12: 12-km resolution North 
American Mesoscale Modeling 
System 

• NAQFC: National Air Quality 
Forecast Capability 

• PM2.5: Atmospheric particulate 
matter (PM) with a diameter of  
less than 2.5 micrometers 
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Extra Slides 
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Operational NAQFC Revised Modeling Pathway 

HYSPLIT Smoke Predictions 
July 26, 2016 



Evaluation Statistics 
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Site ID Site Name 
R2 RMSE 

NAQFC STI NAQFC STI 

California 

060270002 White Mountain Research Center -0.18 -0.20 31.0 32.7 

060371103 Los Angeles – North Main St. 0.39 0.41 45.8 46.4 

060379033 Lancaster – Division St. 0.49 0.47 52.1 49.9 

060530002 Carmel Valley 0.70 0.81 64.9 192.8 

060530008 King City 2 0.35 0.55 74.6 33.4 

060531003 Salinas 3 0.27 0.25 32.9 24.0 

060792006 San Luis Obispo -0.12 0.19 38.7 33.0 

060798002 Atascadero 0.32 0.55 32.5 28.8 

061111004 East Ojai Ave 0.52 0.53 42.1 43.9 

Idaho 

160050020 Ballard Road 0.21 0.13 40.6 40.0 

Nevada 

320030298 Green Valley 0.30 0.36 44.6 41.0 

320030540 Jerome Mack-NCore 0.22 0.26 44.0 41.0 

320030561 Sunrise Acres 0.19 0.19 50.8 49.3 

320032002 JD Smith 0.24 0.25 55.2 52.9 

320311005 Sparks 0.50 0.43 36.8 33.3 

325100020 Old National Guard Armory 0.21 0.23 19.9 19.6 

Wyoming 

560051899 Buckskin Mine North Site 0.43 0.60 13.5 12.3 

560130099 South Pass 0.37 0.30 17.5 18.0 

560130232 Spring Creek 0.65 0.45 13.4 14.3 

560150005 Terrington Mobile 0.13 0.11 14.9 14.6 

560210002 Cheyenne Mobile 0.58 0.38 23.3 22.4 

560350101 Pinedale Gaseous 0.35 0.35 35.7 33.6 

 

 

Site ID Site Name 
R2 RMSE 

NAQFC STI NAQFC STI 

California 
060270002 White Mountain Research Center -0.05 -0.10 9.6 8.2 
060371103 Los Angeles – North Main St. 0.39 0.43 11.5 12.0 
060379033 Lancaster – Division St. 0.48 0.47 17.3 17.4 

060530002 Carmel Valley 0.45 0.74 56.5 214.9 

060530008 King City 2 0.24 0.46 62.1 11.6 
060531003 Salinas 3 0.25 0.22 11.6 6.8 

060792006 San Luis Obispo -0.12 0.11 11.7 9.9 

060798002 Atascadero 0.27 0.52 10.4 9.5 
061111004 East Ojai Ave 0.62 0.64 10.3 16.0 

Idaho 
160050020 Ballard Road 0.18 0.11 9.9 9.7 

Nevada 
320030298 Green Valley 0.28 0.34 13.4 12.4 
320030540 Jerome Mack-NCore 0.20 0.24 13.3 12.5 

320030561 Sunrise Acres 0.15 0.12 15.8 15.8 

320032002 JD Smith 0.22 0.20 17.3 16.9 
320311005 Sparks 0.53 0.46 10.1 9.1 

325100020 Old National Guard Armory 0.20 0.21 5.0 5.0 

Wyoming 
560051899 Buckskin Mine North Site 0.42 0.60 3.2 2.9 
560130099 South Pass 0.36 0.30 4.2 4.3 

560130232 Spring Creek 0.66 0.44 3.2 3.4 

560150005 Terrington Mobile 0.14 0.12 3.5 3.5 

560210002 Cheyenne Mobile 0.58 0.38 5.6 5.4 

560350101 Pinedale Gaseous 0.25 0.24 11.6 10.3 
 


		Site ID

		Site Name

		R2

		RMSE



		

		

		NAQFC

		STI

		NAQFC

		STI



		California



		060270002

		White Mountain Research Center

		-0.18

		-0.20

		31.0

		32.7



		060371103

		Los Angeles – North Main St.

		0.39

		0.41

		45.8

		46.4



		060379033

		Lancaster – Division St.

		0.49

		0.47

		52.1

		49.9



		060530002

		Carmel Valley

		0.70

		0.81

		64.9

		192.8



		060530008

		King City 2

		0.35

		0.55

		74.6

		33.4



		060531003

		Salinas 3

		0.27

		0.25

		32.9

		24.0



		060792006

		San Luis Obispo

		-0.12

		0.19

		38.7

		33.0



		060798002

		Atascadero

		0.32

		0.55

		32.5

		28.8



		061111004

		East Ojai Ave

		0.52

		0.53

		42.1

		43.9



		Idaho



		160050020

		Ballard Road

		0.21

		0.13

		40.6

		40.0



		Nevada



		320030298

		Green Valley

		0.30

		0.36

		44.6

		41.0



		320030540

		Jerome Mack-NCore

		0.22

		0.26

		44.0

		41.0



		320030561

		Sunrise Acres

		0.19

		0.19

		50.8

		49.3



		320032002

		JD Smith

		0.24

		0.25

		55.2

		52.9



		320311005

		Sparks

		0.50

		0.43

		36.8

		33.3



		325100020

		Old National Guard Armory

		0.21

		0.23

		19.9

		19.6



		Wyoming



		560051899

		Buckskin Mine North Site

		0.43

		0.60

		13.5

		12.3



		560130099

		South Pass

		0.37

		0.30

		17.5

		18.0



		560130232

		Spring Creek

		0.65

		0.45

		13.4

		14.3



		560150005

		Terrington Mobile

		0.13

		0.11

		14.9

		14.6



		560210002

		Cheyenne Mobile

		0.58

		0.38

		23.3

		22.4



		560350101

		Pinedale Gaseous

		0.35

		0.35

		35.7

		33.6








		Site ID

		Site Name

		R2

		RMSE



		

		

		NAQFC

		STI

		NAQFC

		STI



		California



		060270002

		White Mountain Research Center

		-0.05

		-0.10

		9.6

		8.2



		060371103

		Los Angeles – North Main St.

		0.39

		0.43

		11.5

		12.0



		060379033

		Lancaster – Division St.

		0.48

		0.47

		17.3

		17.4



		060530002

		Carmel Valley

		0.45

		0.74

		56.5

		214.9



		060530008

		King City 2

		0.24

		0.46

		62.1

		11.6



		060531003

		Salinas 3

		0.25

		0.22

		11.6

		6.8



		060792006

		San Luis Obispo

		-0.12

		0.11

		11.7

		9.9



		060798002

		Atascadero

		0.27

		0.52

		10.4

		9.5



		061111004

		East Ojai Ave

		0.62

		0.64

		10.3

		16.0



		Idaho



		160050020

		Ballard Road

		0.18

		0.11

		9.9

		9.7



		Nevada



		320030298

		Green Valley

		0.28

		0.34

		13.4

		12.4



		320030540

		Jerome Mack-NCore

		0.20

		0.24

		13.3

		12.5



		320030561

		Sunrise Acres

		0.15

		0.12

		15.8

		15.8



		320032002

		JD Smith

		0.22

		0.20

		17.3

		16.9



		320311005

		Sparks

		0.53

		0.46

		10.1

		9.1



		325100020

		Old National Guard Armory

		0.20

		0.21

		5.0

		5.0



		Wyoming



		560051899

		Buckskin Mine North Site

		0.42

		0.60

		3.2

		2.9



		560130099

		South Pass

		0.36

		0.30

		4.2

		4.3



		560130232

		Spring Creek

		0.66

		0.44

		3.2

		3.4



		560150005

		Terrington Mobile

		0.14

		0.12

		3.5

		3.5



		560210002

		Cheyenne Mobile

		0.58

		0.38

		5.6

		5.4



		560350101

		Pinedale Gaseous

		0.25

		0.24

		11.6

		10.3








	Improving Spatial Resolution of �Wildland Fire Location and Fuel Biomass �Data Inputs to NOAA’s NAQFC
	Acknowledgments
	Motivation
	Motivation
	Project Goals
	Project Goals
	Fire Information Data
	GeoMAC Fire Progression
	Analysis Approach
	Smoke Modeling Approach
	Clumping and Reconciliation
	July 2016 Daily Fire Locations
	Acres Burned in July 2016
	Area Burned by State
	Fuel Loading and Consumption
	Emissions
	HYSPLIT Smoke Predictions�July 29, 2016
	Comparison to AOD�July 29, 2016
	Time Series Comparisons
	Evaluation Against PM2.5 Observations
	Conclusions
	Recommendations
	Contact
	Acronyms
	Extra Slides
	HYSPLIT Smoke Predictions�July 26, 2016
	Evaluation Statistics


<<

  /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 <<



    /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 [4000 4000]

  /PageSize [612.000 792.000]

>> setpagedevice



