
BARK BEETLE OUTBREAKS IN PONDEROSA PINE FORESTS: IMPLICATIONS FOR FUELS FIRE ANDBARK BEETLE OUTBREAKS IN PONDEROSA PINE FORESTS: IMPLICATIONS FOR FUELS FIRE ANDBARK BEETLE OUTBREAKS IN PONDEROSA PINE FORESTS: IMPLICATIONS FOR FUELS, FIRE, ANDBARK BEETLE OUTBREAKS IN PONDEROSA PINE FORESTS  IMPLICATIONS FOR FUELS, FIRE, AND
MANAGEMENT UNDER DIFFERENT CLIMATE SCENARIOSMANAGEMENT UNDER DIFFERENT CLIMATE SCENARIOSMANAGEMENT UNDER DIFFERENT CLIMATE SCENARIOSM N EMEN NDE D FFE EN L M E EN

J l M Milli 1 C l Si 2 K All 3 Ch d H ff 4Joel McMillin1 Carolyn Sieg2 Kurt Allen3 Chad Hoffman4Joel McMillin1, Carolyn Sieg2, Kurt Allen3, Chad Hoffman4 Joel McMillin , Carolyn Sieg , Kurt Allen , Chad Hoffman
1 USFS FHP Fl t ff AZ 2 USFS RMRS Fl t ff AZ 3 USFS FHP R id Cit SD 4 U i f Id h M ID1 USFS FHP Flagstaff AZ; 2 USFS RMRS Flagstaff AZ; 3 USFS FHP Rapid City SD; 4 Uni of Idaho Moscow IDUSFS FHP, Flagstaff, AZ; USFS RMRS, Flagstaff, AZ; USFS FHP, Rapid City, SD; Uni. of Idaho, Moscow, ID

CANOPY FUEL MODELING METHODSCANOPY FUEL MODELING METHODS
OBJECTIVES

CANOPY FUEL MODELING METHODS

INTRODUCTION OBJECTIVES Fire Model Variable Definition Units ReferenceFire Model Variable Definition Units ReferenceINTRODUCTION OBJECTIVES
Canopy Fuel Loading Mass of canopy Mg ha-1 Brown 1978;Canopy Fuel Loading Mass of canopy Mg ha-1 Brown 1978;INTRODUCTION Canopy Fuel Loading Mass of canopy Mg ha 1 Brown 1978;Canopy Fuel Loading Mass of canopy Mg ha 1 Brown 1978;
(1-, 10-, 100-, 1000-hr fuel load per unit Reinhardt et al.(1-, 10-, 100-, 1000-hr fuel load per unit Reinhardt et al.

Wildland fires bark beetle outbreaks and forest management are politically charged 1 Quantify fuels in ponderosa pine stands experiencing (a) tree mortality in 2006
(1 , 10 , 100 , 1000 hr 
woody fuels and canopy

fuel load per unit 
area by time lag

Reinhardt et al. 
2000

(1 , 10 , 100 , 1000 hr 
woody fuels and canopy

fuel load per unit 
area by time lag

Reinhardt et al. 
2000Wildland fires, bark beetle outbreaks, and forest management are politically charged 1.Quantify fuels in ponderosa pine stands experiencing (a) tree mortality in 2006 woody fuels and canopy area by time-lag 2000woody fuels and canopy area by time-lag 2000

issues throughout the West With the extent of bark beetle outbreaks and post or 2007 (b) tree mortality followed by vegetation/fuels treatments (low vs foliage biomass size classesfoliage biomass size classesissues throughout the West.  With the extent of bark beetle outbreaks and post- or 2007, (b) tree mortality followed by vegetation/fuels treatments (low vs. foliage biomass 
( dl ))

size classes.foliage biomass 
( dl ))

size classes.

outbreak vegetation treatments being implemented throughout the West we need to moderate residual basal area) and (c) no tree mortality (controls) (needles))(needles))outbreak vegetation treatments being implemented throughout the West, we need to moderate residual basal area), and (c) no tree mortality (controls).  
improve our knowledge of how these outbreaks and treatments are influencing fuel C F l f F li bi M h 1 B 1978C F l f F li bi M h 1 B 1978improve our knowledge of how these outbreaks and treatments are influencing fuel 2 Model fire behavior in these stands under different weather climate and Canopy Fuel for Foliage biomass Mg ha-1 Brown 1978;Canopy Fuel for Foliage biomass Mg ha-1 Brown 1978;p g g
l di fi b h i d th t f f t M t i i b tl tb k

2.Model fire behavior in these stands under different weather, climate and py
Crown Fire

g
plus 50% of 1-hr

g ;
Reinhardt et al

py
Crown Fire

g
plus 50% of 1-hr

g ;
Reinhardt et alloading, fire behavior, and other aspects of forests. Mountain pine beetle outbreaks t i

Crown Fire plus 50% of 1-hr 
f

Reinhardt et al. Crown Fire plus 50% of 1-hr 
f

Reinhardt et al. g, , p p
h hi i ll d l i i d i f i h Bl k Hill

management scenarios. woody canopy fuel 2000woody canopy fuel 2000
have historically and are currently impacting ponderosa pine forests in the Black Hills

g y py
load

y py
loadhave historically and are currently impacting ponderosa pine forests in the Black Hills 

f ( )
load.load.

of South Dakota and Wyoming (Figure 1) Previous studies with other bark beetle-host Canopy Bulk Density Mass of available kg m-3 Brown 1978;Canopy Bulk Density Mass of available kg m-3 Brown 1978;of South Dakota and Wyoming (Figure 1).  Previous studies with other bark beetle host Canopy Bulk Density Mass of available 
canopy fuel per

kg m Brown 1978;
Reinhardt et al

Canopy Bulk Density Mass of available 
canopy fuel per

kg m Brown 1978;
Reinhardt et alsystems in other geographic locations have demonstrated that bark beetle outbreaks canopy fuel per Reinhardt et al. canopy fuel per Reinhardt et al. systems in other geographic locations have demonstrated that bark beetle outbreaks 

METHOD unit of canopy 2000unit of canopy 2000
can affect fire behavior attributes (predicted flame length fire rate of spread torching) METHODS unit of canopy 

l
2000unit of canopy 

l
2000

can affect fire behavior attributes (predicted flame length, fire rate of spread, torching) METHODS volume.volume.
due to increased fuel loading higher wind speeds and quicker drying of fuel (revieweddue to increased fuel loading, higher wind speeds and quicker drying of fuel (reviewed 

1 Fift t f 1/20th l t t t t i t ll d Bl k Hill N ti lby Jenkins et al 2008) These findings can have profound implications for managing 1. Fifteen sets of 1/20th acre plots per treatment installed on Black Hills National by Jenkins et al. 2008).  These findings can have profound implications for managing / p p
F i S h D k

y ) g p p g g
d d t lti f t i b k b tl tb k d t ti f d d Forest in South Dakota.dead trees resulting from extensive bark beetle outbreaks and restoration of damaged Forest in South Dakota.  

FIRE BEHAVIOR MODELING METHODSg g
t

FIRE BEHAVIOR MODELING METHODS
ecosystems. 2 Baseline data (tree species size crown base height density) collected on live Fire Model Variable Units ReferenceFire Model Variable Units Referenceecosystems. 2. Baseline data (tree species, size, crown base height, density) collected on live Fire Model Variable Units ReferenceFire Model Variable Units Reference

f f and dead trees (Figure 2 left) Fire Rate of Spread (ROS) m min-1 Rothermel 1972;Fire Rate of Spread (ROS) m min-1 Rothermel 1972;
This Forest Health Monitoring-funded study will extend our knowledge of how and dead trees (Figure 2, left). Fire Rate of Spread (ROS) m min Rothermel 1972; 

Rothermel 1991
Fire Rate of Spread (ROS) m min Rothermel 1972; 

Rothermel 1991This Forest Health Monitoring funded study will extend our knowledge of how Rothermel 1991Rothermel 1991
mountain pine beetle outbreaks and subsequent vegetation treatments influence fire 3 Brown’s (1974) planar transects used to measure surface fuels fuel bed and Fire Line Intensity (FLI) kW m -1 Byram 1959Fire Line Intensity (FLI) kW m -1 Byram 1959mountain pine beetle outbreaks and subsequent vegetation treatments influence fire 3. Brown s (1974) planar transects used to measure surface fuels, fuel bed and y ( ) yy ( ) y

behavior in ponderosa pine forests By modeling fire behavior across varying weather duff depth (Figure 2 right) Fl L th B 1959Fl L th B 1959behavior in ponderosa pine forests.  By modeling fire behavior across varying weather duff depth (Figure 2, right). Flame Length m Byram 1959Flame Length m Byram 1959

conditions we will be better able to predict how these relationships will change under
p ( g g )

conditions we will be better able to predict how these relationships will change under 
4 P li i lt h l f 2006 t lit l t & t l D t Fire Type Surface fire Alexander 1988; VanFire Type Surface fire Alexander 1988; Van

projected climatic scenarios 4. Preliminary results are shown only for 2006 mortality plots & controls. Data Fire Type Surface fire, Alexander 1988; Van Fire Type Surface fire, Alexander 1988; Van 
projected climatic scenarios. y y y p

f h d fi b h i d li l b i l d
Passive and Wagner 1993Passive and Wagner 1993p j

from other treatments and fire behavior modeling are currently being analyzed. active crown fire
g

active crown fire
g

from other treatments and fire behavior modeling are currently being analyzed. active crown fireactive crown fire

T hi I d k h 1 R h l 19 2T hi I d k h 1 R h l 19 2Torching Index km h-1 Rothermel 1972; Torching Index km h-1 Rothermel 1972; g
Van Wagner 1977

g
Van Wagner 1977Van Wagner 1977Van Wagner 1977

www forestryimages org Crowning Index km h-1 Van Wagner 1977; Crowning Index km h-1 Van Wagner 1977; www.forestryimages.org g g ;
Rothermel 1991

g g ;
Rothermel 1991Rothermel 1991Rothermel 1991

W th P t 97 5 P tilW th P t 97 5 P tilWeather Parameter 97.5 PercentileWeather Parameter 97.5 Percentile
6 m wind speed (km h 1) 42 06 m wind speed (km h 1) 42 06 m wind speed (km h-1) 42.06 m wind speed (km h-1) 42.0
1 hr fuel moisture (%) 2 91 hr fuel moisture (%) 2 91-hr fuel moisture (%) 2.91-hr fuel moisture (%) 2.9
10-hr fuel moisture (%) 4 710-hr fuel moisture (%) 4 710-hr fuel moisture (%) 4.710-hr fuel moisture (%) 4.7
100-hr fuel moisture (%) 6 6100-hr fuel moisture (%) 6 6100 hr fuel moisture (%) 6.6100 hr fuel moisture (%) 6.6
1000-hr fuel moisture (%) 9.31000-hr fuel moisture (%) 9.31000 hr fuel moisture (%) 9.31000 hr fuel moisture (%) 9.3
Herbaceous fuel moisture (%) 51.1Herbaceous fuel moisture (%) 51.1BHNF ( )( )
Fire behavior modeling will assume all fires burn under the 97 5th percentile weather conditions for the

BHNF
Fire behavior modeling will assume all fires burn under the 97.5 percentile weather conditions for the 
Black Hills National ForestBlack Hills National Forest.

Fi 1 M t i i b tl d d i t lit d
l (l f ) d f f l ( h ) d ll d d d b

Figure 1. Mountain pine beetle-caused ponderosa pine mortality and 
Figure 2. Mensurational (left) and surface fuels (right) data collected in stands impacted by 

g p p p y
thinning/salvage operations to minimize mortality and fuels on the Black g ( f ) f f ( g ) p y

mountain pine beetle on the Black Hills National Forest South Dakota
thinning/salvage operations to minimize mortality and fuels on the Black 

mountain pine beetle on the Black Hills National Forest, South Dakota. Hills National Forest, South Dakota. ,

PRELIMINARY RESULTS FUTURE PLANSPRELIMINARY RESULTS FUTURE PLANSPRELIMINARY RESULTS FUTURE PLANS
1 Mountain pine beetle significantly reduced tree and stand density by 75-85% (Figure 3a) and also tree diameter but not 1 Future work will focus on re measurement of canopy and surface1. Mountain pine beetle significantly reduced tree and stand density by 75 85% (Figure 3a) and also tree diameter, but not 1. Future work will focus on re-measurement of canopy and surface 

crown base height (Figure 3b). Pre-outbreak stand conditions were not significantly different from controls (Figure 3c,d). fuels to provide information detailing how fuel complexes and firecrown base height (Figure 3b).  Pre outbreak stand conditions were not significantly different  from controls (Figure 3c,d). fuels to provide information detailing how fuel complexes and fire 
2 Al h h h d f i i f f l i l i f d b i i b l i 2006 d i h

p g p
b h i h ti f ll i tb k d h t2. Although there was a trend of increasing surface fuels in plots infested by mountain pine beetle in 2006 compared with behavior change over time following an outbreak, and how post-g g p y p p

t l i ifi t diff d t t d t ft tt k (Fi 4)
g g , p

tb k t ti /f l t t t dif th f l lcontrols, no significant differences were detected two years after attack (Figure 4). outbreak vegetation/fuel treatments modify these fuel complexes., g y ( g ) outbreak vegetation/fuel treatments modify these fuel complexes.

ll d l d d f b h h d2 We will model predicted fire behavior across the treatments and2. We will model predicted fire behavior across the treatments and 
Figure 3 Stand conditions of ponderosa pine plots infested by mountain Figure 4 Surface fuels in ponderosa pine plots infested by over a range of weather conditions to simulate predicted climateFigure 3.  Stand conditions of ponderosa pine plots infested by mountain Figure 4.  Surface fuels in ponderosa pine plots infested by over a range of weather conditions to simulate predicted climate pine beetle in 2006 (a, b) and control plots (c, d) (mean + SEM). mountain pine beetle in 2006 and control plots (mean + SEM).

patterns using the NEXUS Fire Behavior and Hazard Assessment
pine beetle in 2006 (a, b) and control plots (c, d) (mean  SEM). mountain pine beetle in 2006 and control plots (mean  SEM).

patterns using the NEXUS Fire Behavior and Hazard Assessment 
systemsystem.

b 15
350 a 35 b 15

3 Similar studies will be initiated in Douglas fir dominated forests in
350

T l Kill d R id l
a 35

Total Killed Residual b Control 2006 3.Similar studies will be initiated in Douglas-fir dominated forests in 
300

Total Killed Residual 30
Total Killed Residual

12 g
2010

300 12

2010.250 25250
9c

200 20
9

s/
ac

200

on
s

150 15 6To150

100 10
3

ACKNOWLEDGEMENTS50 5 ACKNOWLEDGEMENTS
0 00 0 0

1 h 10 h 100 h 1000 h d 1000 h l
Trees/ac BA (ft2/ac) SDI DBH (in) CBH (ft)

1-hr 10-hr 100-hr 1000-hr sound 1000-hr rotten total

Funding provided by Forest Health Monitoring Evaluation
Trees/ac BA (ft2/ac) SDI ( ) ( )

Funding provided by Forest Health Monitoring Evaluation 
Monitoring grant INT-F-09-01.Monitoring grant INT F 09 01.

400 35

O tit d i t d d t Ch i H ff Ch i L E
400 35

2 0 Our gratitude is extended to Chris Hoffman, Chris Looney, Emma 350

d
2.0

Control 2006 g , y,
G tk B itt D l J h Wil J Wil d

350 30c d Control 2006

Gustke, Brittany Deranleau, John Wilson, James Wilson, and 300 c d
1 5

y
Tania Begay for their dedicated field work data entry &

300
25

d
1.5

Tania Begay for their dedicated field work, data entry & 250 )

summary20 (in summary.200 1.0th
 

15

D
ep

150 D

100
10 0 5100 0.5

Jenkins, M.J., Hebertson, E., Page, W., and Jorgensen, C.A. 2008. Bark50 5 Jenkins, M.J., Hebertson, E., Page, W., and Jorgensen, C.A. 2008. Bark 
b l f l fi d i li i f f i h

50 5

0 0 beetles, fuels, fires and implications for forest management in the 0 0
0.0 , , p g

I t t i W t F E l M 254 16 34
0 0

DBH (i ) CBH (ft)
litter duff

Intermountain West. For. Ecol. Manage. 254: 16-34.Trees/ac BA (ft2/ac) SDI DBH (in) CBH (ft) g



<<
  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


