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Abstract—Previous publications discussed the results of my
dissertation research on relationships between seasonality in pre-
cipitation and vegetation patterns at landscape scale. Summer
precipitation at a study site in the Zuni Mountains, NM, was
predicted from lightning strike and relative humidity data using
multiple regression. Summer precipitation patterns were mapped
using a Geographic Information System (GIS). Winter precipitation
and vegetative cover were obtained from the Terrestrial Ecosystem
Survey (TES). Finally, winter and summer precipitation amounts
and their percent of annual precipitation were compared to grass
and tree cover. Results indicated that winter precipitation influ-
enced tree cover. Grass cover dominated by Bouteloua gracilis was
most closely related to summer precipitation. Grass cover domi-
nated by Festuca arizonica was most closely related to winter
precipitation. This manuscript presents a synthesis of the disserta-
tion research. It discusses how land managers can use lightning
strike data and TES information. Ecosystem management applica-
tions for predicting precipitation and vegetation patterns at land-
scape scale are explored. For example, vegetation regeneration may
be more successful if precipitation patterns are known. Under-
standing relationships between vegetation and precipitation pat-
terns can also be used to assess the behavior of fire and for restoring
disturbed areas. Additional research at landscape scale could im-
prove our understanding of potential changes in vegetation pat-
terns due to climatic warming.

Study Site and Methods

In New Mexico, 50-70 percent of the annual precipitation
comes from convective thunderstorms in the months of June
through September. This precipitation has high spatial
variability that may not be detected by conventional precipi-
tation monitoring stations. It can be accurately estimated
using lightning strike data with a spatial resolution of about
2 km, and the method is appropriate for landscape scale
(Gosz and others 1995).

Lightning direction finders detect cloud-to-ground light-
ningthatisin progress. The instruments sense low-frequency
radio pulses associated with lightning discharges. Lightning
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sensors are operated throughout the United States by Glo-
bal Atmospherics, Inc. as part of a National Lightning
Detection Network. Gosz and others (1995) developed algo-
rithms between lightning and summer precipitation quan-
tity to determine rainfall depth and distribution at the
Sevilleta National Wildlife Refuge, NM. These methods
were later applied to a 140 km?2 site (Pole Canyon)in the west
Rio San Jose watershed near Grants, New Mexico (Potter
1996; Potter and Gorman 1996; Potter and others, in press).
This study site was a prototype for ecosystem management
located within the Mt. Taylor Ranger District of the Cibola
National Forest.

First, summer precipitation was predicted from lightning
strike and relative humidity data using multiple regres-
sion. Then summer precipitation patterns were mapped
using a geographic information system (GIS). Winter pre-
cipitation and vegetative cover were obtained from the
Terrestrial Ecosystem Survey (TES) of the Forest Service
Southwestern Region (USDA Forest Service 1986). Finally,
winter and summer precipitation amounts and their corre-
sponding percent of annual precipitation were compared to
grass and tree cover using modeling capabilities within the
ARCINFO Geographic Information System.

Both precipitation and vegetation data were ranked and
divided into three classes. Map overlay and cross-tabulation
techniques were used to compute percent composition of
vegetation classes within each precipitation class. Relation-
ships between precipitation and vegetation by growth form
(for example, trees and grass) were tested using Cramer’s V
statistic, a measure of association. Results indicated that
winter precipitation influenced tree cover. Grass cover domi-
nated by Bouteloua gracilis, a warm-season species, was
most closely related to summer precipitation. Grass cover
dominated by Festuca arizonica, a cool-season species, was
most closely related to winter precipitation.

These results were consistent with findings by Phillips
and Ehleringer (1995) that winter precipitation reaches
deep soil layers and is subsequently utilized by tree roots
while summer rains have minimal uptake by trees. Other
factors that can affect vegetation patterns were also dis-
cussed in the dissertation. The following discussion focuses
on applications of these research results and related studies.

Discussion

Gosz and others (1995) noted that contour plots of precipi-
tation generated from lightning data could be combined with
satellite data for vegetation, i.e., a greenness index, to
identify areas that will have short-term increases in pri-
mary production of terrestrial vegetation. Knowledge of
precipitation patterns could be used to maximize the
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effectiveness of restoration projects such as reseeding or
sludge application. For example, degraded areas that re-
cently received a high intensity of lightning strikes could be
targeted for immediate restoration. Improved timing of the
project could lead to greater success in the germination,
growth and survival of seeded plants. Hogg and Schwarz
(1997) investigated conifer regeneration across a moisture
gradient from semi-arid to moderately moist climates. They
found that regeneration capacity was related to a climatic
moisture index.

Patterns in precipitation and vegetation could also be
used to help determine desired livestock stocking rates and
timing or to evaluate existing livestock management prac-
tices. Oesterheld and others (1998) determined relation-
ships at regional scale between stocking rates and the
normalized-difference vegetation index-integrated value
(NDVI-I) obtained from advanced very high resolution radi-
ometer (AVHRR) data. AVHRR data are used to estimate
aboveground net primary productivity. Although the re-
mote-sensing method was applied at regional scale, it could
be adapted to predict stocking rates at regional scale,
landscape scale, and for areas within a landscape. Varia-
tions in soil moisture, soil quality and other factors are also
important in selecting or evaluating livestock management
alternatives.

Lightning strikes are the primary cause of natural fire
ignitions. Latham and others (1997) combined lightning
location data and fire risk data (ignition potential based on
fuel maps) to estimate probable fire occurrence. Predictions
were compared to the sole use of lightning data and the
National Fire Danger Rating System to assess wildfire
potential. Results were better than using lightning strikes
alone since some fires are short duration or fail to spread
afterignition. Combining Latham’s techniques with those of
Gosz and others (1995) could improve wildfire predictions by
accounting for the spatial variability in precipitation. Re-
sults could enhance the benefits of savings in fire suppres-
sion time and cost, and reduced risk to firefighter safety.

Climate effects on the growth of individual trees and
species can be derived at fine spatial scales from statistical
relationships between ring widths and monthly total pre-
cipitation and monthly mean temperature. Relationships
between trees and precipitation will vary among species,
and results of this investigation were similar to ring-width
studies of confers. Meko and others (1994) reconstructed
amounts of cool-season precipitation from ring-width indi-
ces of conifers in the Sonoran Desert that are drought-
sensitive. They also analyzed the relationship between sum-
mer precipitation and ring-width components formed before
and after the summer rainy season began. Results showed
no relationship between summer rainfall and total ring
width. Growth was strongly related to winter precipitation.
However, a relationship with summer precipitation was
detected in the late-growth component of separated ring
widths.

Any application of the research for ecosystem manage-
ment needs to be framed in an ecological context. According
to the Ecological Society of America’s Committee on the
Scientific Basis for Ecosystem Management (Christensen
and others 1996) “ecosystem management is management
driven by explicit goals, executed by policies, protocols, and
practices, and made adaptable by monitoring and research
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based on our best understanding of the ecological interac-
tions and processes necessary to sustain ecosystem struc-
ture and function.” The following seven components are
essential:

“1. long-term sustainability as fundamental value; 2.
clear, operational goals; 3. sound ecological models and un-
derstanding; 4. understanding complexity and intercon-
nectedness; 5. recognition of the dynamic character of eco-
systems; 6. attention to context and scale; 7. acknowledgment
of humans as ecosystem components; and 8. commitment to
adaptability and accountability.” Products from the disser-
tation study contribute to ecological modeling at landscape
scale and our understanding of ecological complexity and
the dynamic character of ecosystems.

TES Applications

The Southwestern Region’s Terrestrial Ecosystem Survey
for classifying and mapping terrestrial ecosystems is a
valuable source of soil, climate and vegetation data. A
secondary benefit of the lightning research was to explore a
new application for TES data. More recently, the practicality
of using TES data as input variables to predict fire behavior
was investigated by Mark Grupe.

In Grupe’s study (1998) the FARSITE model for predicting
fire growth (Finney 1993) was applied to a prescribed fire
planned at Barranco Canyon within the Cibola National
Forest, Mountainair District. Data for tree height and canopy
cover were direct inputs for FARSITE while crown base
height and crown bulk density were interpreted from the
TES. A Geographic Information System was used to handle
data and for spatial modeling. Management applications of
TES data and GIS will likely increase with time due to their
ability to help address complex ecosystem issues.

Applications for Lightning Data

Lightning direction finders are one of several remote
sensing methods to locate lightning and understand thun-
derstorm activity. A Lightning Detection and Ranging
(LDAR) system has been developed to detect and locate VHF
radiation emitted by lightning strikes (Forbes 1993). In
addition to other types of ground-based systems, there are
space-based precipitation radar systems and lightning de-
tectors in geostationary orbit.

NASA plans to measure tropical rainfall using a space-
based precipitation radar system. It’s designed to provide
high resolution, 3-D images of rainfall distributions and
intensity over land and ocean. This Tropical Rainfall Meas-
uring Mission (TRMM) will also provide information on
cloud cover, type, and temperatures and radiative energy
that is emitted and reflected from the Earth. A Lightning
Imaging Sensor (LIS) associated with the TRMM Obser-
vatory will be used to study the global occurrence of light-
ning and its relationship to precipitation (Christian and
McCook 1997). Resolution is 5-10 km with coverage over a
large portion of the Earth’s surface. These data can help
quantify associations between tropical rainfall and global
circulation of the atmosphere.

A Lightning Mapper Sensor from geostationary orbit will
continuously map lightning discharged during day and
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night at a storm-scale spatial resolution. It will detect and
locate discharges from both cloud-to-ground and intra-cloud
lightning over large portions of the Earth. The data will be
available in real-time for severe storm detection and warn-
ing, convective rainfall estimates and storm tracking.
Another potential use is to improve long-term weather
forecasting.

Applications for predicting relationships between climate
and lightning vary by spatial scale. For example, Williams
(1992, 1994) developed a method to analyze global tempera-
tures from lightning flashes and subsequent changes in the
amplitude of Schumann resonances associated with the
earth’s electromagnetic field. Methods developed by Gosz
and others (1995) and refined by Potter and others (in press)
are appropriate at thelandscape scale. The National Weather
Service (NEXRAD) radar system detects precipitation in-
tensities within thunderstorms. Using surface observations,
estimates of precipitation volume could be calibrated from
the radar data. Thus, in the future Doppler radar could be
used to quantify precipitation amounts at fine spatial scales.

Conclusions

In the dissertation study, canopy cover for grasses and
trees was a function of seasonal precipitation. Vegetation
measures vary and can be related to several factors. For
example, Walker and Langrige (1997) found that the best
indicator for grass biomass rates in Australian savannas
was an index that incorporated subsoil and topsoil moisture.
Similarly, Iverson and others (1997) used an integrated
moisture index to predict forest productivity and species
composition at dry versus mesic sites. Although average
climate conditions were used in this study, climatic ex-
tremes can also be essential factors for vegetation patterns.
Various factors affecting vegetation pattern were presented
as alternate hypotheses in the dissertation.

Knowing how vegetation patterns are related to precipita-
tion patterns atlandscape scale can be useful in fire manage-
ment, ecosystem restoration projects, and ecosystem man-
agement. Such information could be used to improve wildfire
predictions and staffing plans. Degraded areas that recently
just received a high intensity of lightning strikes could be
targeted for immediate restoration projects such as reseed-
ing or sludge application. Patterns in precipitation and
vegetation could also help determine livestock stocking
rates and timing, or be used to evaluate existing manage-
ment practices. Understanding how the distribution of
grasses and trees changes in response to precipitation and
other climate variables might help managers determine
whether desired plant distributions can be achieved and
sustained.

In addition to management applications, there are poten-
tial research applications from the study. The modeling
capabilities of ARCINFO could be used to help predict
migration patterns of trees and grasses at landscape scale in
response to various climate change scenarios. Anticipated
improvements in wildland fire assessment by combining
Latham’s techniques with those of Gosz and others (1995)
would require additional investigation or collaboration.

114

Acknowledgments

The initial research was funded by Cooperative Agree-
ment No. 28-C4-810 between the University of New Mexico
Department of Biology and the USDA Forest Service Rocky
Mountain Research Station. I am grateful for that research
opportunity through the Rio Grande Basin grant adminis-
tered by Dr. Deborah Finch and in cooperation with the
Sevilleta Long Term Ecological Research site (LTER). Ac-
cess to UNM facilities and assistance from LTER staff are
appreciated.

References

Christensen, N.L., A.M. Bartuska, J.H. Brown, S. Carpenter,
C. D’Antonio, R. Franics, J. F. Franklin, J.A. MacMahon, R.F.
Noss, D.J. Parsons, C.H. Peterson, M.G. Turner and R.G.
Woodmansee. 1996. The Report of the Ecological Society of
America Committee on the Scientific Basis for Ecosystem Man-
agement. Ecological Applications 6(3):665-691.

Christian, H.J. and M.A. McCook. Lightning detection from space
(a lightning primer). Global Hydrology and Climate Center.
Internet WWW page, at URL: http:/www.ghcc.msfs.nasa.gov/
liisotd.html (last updated 12 Feb. 1997).

Finney, 1993. Modeling the spread and behavior of prescribed
natural fire. pp. 138-143 IN Proceedings of the 12th International
Conference on Fire and Forest Meteorology. Society of American
Foresters, Bethesda.

Forbes, G.S. 1993. Lightning studies using LDAR and LLP data and
applications to weather forecasting at Kennedy Space Center.
National Aeronautics and Space Administration CR-194678.
pp. 165-194.

Gosz, J.R., D.I. Moore, H.D. Grover, W. Rison and C. Rison. 1995.
Lightning estimates of precipitation location and quantity during
convective thunderstorms on the Sevilleta Long Term Ecological
Research (LTER) site in New Mexico. Ecological Applications
5(4):1141-1150.

Grupe, Mark. 1998. Assessing the applicability of the Terrestrial
Ecosystem Survey for FARSITE. Masters thesis. University of
New Mexico, Department of Geography, Albuquerque.

Hogg, E.H. and A.G. Schwarz. 1997. Regeneration of planted coni-
fers across climatic moisture gradients on the Canadian prairies:
implications for distribution and climate change. Journal of
Biogeography 24:527-534.

Iverson, L.R., ML.E. Dale, C.T. Scott and A. Prasad. 1997. A GIS-
derived integrated moisture index to predict forest composition
and productivity of Ohio forests (U.S.A.). Landscape Ecology
12:331-348.

Latham, D., R. Burgan, C. Chase and L. Bradshaw. 1997. Using
Lightning Location in the Wildland Fire Assessment System.
Gen. Tech. Rep. INT-GTR-349. Ogden, UT. USDA Forest Service,
Intermountain Research Station, 5 p.

Meko, D., T.W. Swetnam, C. Woodhouse, and C. Baisan. 1994.
Climatic variation in the Sonoran Desert from instrumental
climate data and tree rings. Annual progress report - year 2.
Submitted to National Park Service, SODE Biogeographical
Region. Laboratory of Tree-Ring Research, University of
Arizona, Tucson.

Oesterheld, M., C.M. DiBella and H. Kerdiles. 1998. Relation
between NOAA-AVHR satellite data and stocking rate of range-
lands. Ecological Applications 8(1):207-212.

Phillips, S.L., and J.R. Ehleringer. 1995. Limited uptake of summer
precipitation by bigtooth maple (Acer grandidentatum Nutt) and
Gambel’s oak (Quercus gambelii Nutt). Trees 9:214-219.

Potter, D.U., J.R. Gosz, M.C. Molles, Jr. and L.A. Scuderi. 1998.
Lightning, precipitation and vegetation at landscape scale.
Landscape Ecology, in press.

Potter, D.U. 1996. Spatial relationships among lightning, precipita-
tion and vegetative cover in watersheds of the Rio Puerco Basin.
Doctoral dissertation. University of New Mexico, Department of
Biology, Albuquerque.

USDA Forest Service Proceedings RMRS-P-7. 1999



Potter, D.U. and S.M. Gorman. 1996. Spatial relationships Walker, B.H. and J.L. Langrige. 1997. Predicting savanna vegeta-

among lightning, precipitation and vegetative cover in water- tion structure on the basis of plant available moisture (PAM) and

sheds of the Rio Puerco Basin. pp. 113-127 In: Proceedings of plant available nutrients (PAN): a case study for Australia.

the Riparian Symposium, Sept. 18-22, 1995, Albuquerque. Journal of Biogeography 24:813-825.

USDA Forest Service, Rocky Mountain Forest and Range Experi- Williams, E.R. 1992. The Schumann resonance: a global tropical

ment Station, Fort Collins, CO. General Technical Report thermometer, Science 256: 1184-1187.

RM-GTR 272. Williams, E.R. 1994. Schumann resonance measurements as a
United States Department of Agriculture, Forest Service. 1986. sensitive diagnostic for global change. National Institute for

Terrestrial Ecosystem Survey Handbook. Southwestern Region. Global Environmental Change, Annual Report, July 1,1993+June

USDA Forest Service, Albuquerque. 30, 1994, p. 146.

USDA Forest Service Proceedings RMRS-P-7. 1999 115




<<
  /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


