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Abstract The McIntosh Archive consists of hand-drawn solar Carringtonmaps created by Patrick McIntosh
from 1964 to 2009, using Hα, He 10830 Å, and photospheric magnetic measurements to trace polarity
inversion lines, filaments, sunspots, and plage and coronal holes, yielding a unique 45 year record of the
evolution of the solar magnetic field. We discuss our efforts to preserve and digitize this archive.

The solar dynamo that produces the solar activity cycle visible at the surface is thought to arise from inductive
flows within the solar interior (Charbonneau, 2010). Surface features may thus be intimately controlled by the
magnetic field at various depths and are manifested in the evolution of large-scale features like coronal holes
(CHs), filaments, polarity boundaries, and active regions and sunspots. Overall, these motions give clues to
the internal fluid dynamics of the Sun and its dynamo processes over solar cycle (SC) time scales.

The Sun reveals at least two characteristic migrations of surface features (see, e.g., Hathaway, 2015). The first
is the equatorward movement of sunspots, which is a key aspect of the 11 year cycle. The second is the
poleward movement of high-latitude filaments/prominences, the so-called “rush to the poles,” which is a
tracer of the solar polarity reversal process and the onset of the 22 year magnetic cycle. Zonal flows such
as the torsional oscillations have been associated with both of these migrations. Observations of small-scale
magnetic features, such as bright points, sunspots, and CH centers (McIntosh et al., 2014), as well as
helioseismic studies of the zonal flows (Howe, 2016) provide support for an extended period of solar activity,
for example, from 17 to 22 years long (Cliver, 2014).

The rush-to-the-poles phenomenon observed in both solar filaments and in coronal emission and the zonal
flows may be fundamental to the polarity reversal and the subsequent development of the polar fields
(Babcock, 1961; Leighton, 1964, 1969). The polar field strength at solar minimum, either measured directly
or deduced from the number of observed polar faculae, has been used to predict the peak sunspot number
of the following cycle (Muñoz-Jaramillo et al., 2013). Thus, observations of the evolution of these features over
long, SC time scales are fundamental for understanding the solar dynamo and its effects at the surface.

To pursue such studies, Patrick McIntosh in 1964 (SC 20) began creating hand-drawn synoptic maps of solar
activity, based on daily Hα imagingmeasurements (Figure 1). These synoptic maps were unique because they
traced the polarity inversion lines (PILs) connecting widely separated filaments, fibril patterns, and corridors
within active areas to reveal the large-scale organization of the solar magnetic field. At the time, magneto-
graphs were expensive and the resultant magnetograms not routinely available. Another advantage of Hα
measurements was that PILs could be more precisely determined in weak field regions and near the poles
of the Sun (Fox et al., 1998; McIntosh, 2003). It has been shown that the large-scale Hα patterns on the surface
match well the large-scale magnetic fields measured with magnetographs (e.g., McIntosh, 1979).

CHs were added to the maps starting in 1978, primarily using ground-based He-I 10830 Å images from
NSO-Kitt Peak. Magnetograms were used, when available, to determine the overall dominant polarity and
to show where the polarities changed. Some of the original hand-drawn McIntosh maps were published as
Upper Atmosphere Geophysics (UAG) reports in McIntosh (1975), McIntosh and Nolte (1975), and McIntosh
(1979). Versions of the maps were also routinely published in the Solar-Geophysical Data Bulletins (the
“Yellow books”) in the Prompt monthly reports.

McIntosh and his assistants created these synoptic maps for each Carrington Rotation (CR) during the interval
1964–2009, with the exception of a 2-year period from July 1974 to July 1976. Thus, the synoptic maps cover
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~45 years or ~570 CRs, or nearly four complete SCs. The features on the maps include filaments, large-scale
positive and negative polarity regions, CHs of each polarity, sunspots, and active regions (Figure 1, top). The
McIntosh map collection is unique, providing a consistent view of the evolution of the global solar field.

Although Pat McIntosh is now deceased, Ian Hewins and Robert McFadden were trained in the mapping by
Pat from 2000 to 2010. With NSF support, the original data have been preserved and organized by scanning
and digitally processing the maps into a consistent, machine-readable format. The result is an archive, which
we call the McIntosh Archive (McA) that may be utilized by scientists and the public for years to come. This
work has been performed at Boston College and the NCAR/High Altitude Observatory (HAO) in Boulder, CO. A
website describing and providing access to the archive can be found at https://www2.hao.ucar.edu/mcin-
tosh-archive/four-cycles-solar-synoptic-maps.

The maps are preserved in three formats:

1. Level0 gif images are direct scans of the original hand-drawn McIntosh maps.
2. Level1 gif images have been cropped, oriented, and scaled for consistency, as described below.

• The Level0 and Level1 data sets have been completed for all of the original maps, 1964–2009.
3. Level3 FITS format files and associated gif images represent the fully processed maps, as described below.

• Presently more than half of the ~570 CR maps have been completed as Level3, starting in SC 20, 1967
through to the start of SC 24 in 2009 but with long gaps in SCs 20, 21, and 22.

The processing consists of using Photoshop and Interactive Data Language (IDL) to convert the maps to a
standard size based on number of pixels in width (heliolongitude) and height (heliolatitude), to remove

Figure 1. 0(top) Scanned copy (Level0) of an original synoptic map fromMarch 2002 created by Pat McIntosh. (bottom) Processed colorizedmap (Level3) from the new
McIntosh archive with negative (gray) and positive (light blue) polarity magnetic fields, negative (red) and positive (dark blue) CHs, filaments (green), and PILs (black).

Space Weather 10.1002/2017SW001740

WEBB ET AL. LONG-TERM SOLAR VARIABILITY STUDIES 1443

https://www2.hao.ucar.edu/mcintosh-archive/four-cycles-solar-synoptic-maps
https://www2.hao.ucar.edu/mcintosh-archive/four-cycles-solar-synoptic-maps


any unnecessary notes, marks, or symbols, and to colorize the maps. The final Level3 maps key on PILs, or
“neutral” lines, which form the boundary between opposite-polarity photospheric magnetic fields. Solar
features included on themaps are the following: CHs having positive polarity magnetic field and their bound-
aries, positive magnetic fields, CHs having negative polarity magnetic field and their boundaries, negative
magnetic fields, PILs, filaments, sunspots, and plage groups. The final archive maps have these features
identified by 10 IDL colors (numbers) which permit digital sorting for data analysis purposes. In addition,
missing data are identified as yellow (usually in the polar regions above 70°).

We have written an IDL code, plotfinal.pro that makes plots from the Level3 files (e.g., Figure 1, bottom), as
well as other codes to permit efficient searches of the map arrays. These codes are publicly available with
the processed maps archived at the NOAA’s National Centers for Environmental Information (NCEI) in their
final, searchable form at https://www.ngdc.noaa.gov/stp/space-weather/solar-data/solar-imagery/compo-
sites/synoptic-maps/mc-intosh/ (and accessible through the Web page above). A metadata spreadsheet
is maintained for all processed maps and contains information such as data sources and
cartographic notes.

The archive for SC 23, from 1996 to 2009, is complete and currently being analyzed (e.g., Gibson et al., 2017).
Our future processing tasks include bringing the remaining McIntosh maps to Level3 and completing or
creating the approximately 110 maps or CR periods that are incomplete or missing from the original archive.
In addition, we plan to scan and process an original atlas of 132 Hα synoptic charts for SC 19 (1955–1964) that
were produced by V. Makarov and K. Sivaraman and are available at HAO. These were produced using
Kodaikanal (India) Solar Observatory (KSO) Hα filtergrams and CaK spectroheliograms and published in
Makarov and Sivaraman (1986). These will be compared to recently reprocessed Kodaikanal data
(Chatterjee et al., 2017; K. Tlatova and A. Tlatov, 1917, private communication).

A variety of historic scientific discoveries have depended on the use of the synoptic maps (see McIntosh,
2003, for a review). For example, the maps have been used to describe the drift of polar crown filaments
(PCFs) to higher and lower latitudes, the disappearance and reappearance of polar CHs, and the reversal of
the polar magnetic field (e.g., Webb et al., 1984). The PCFs and their PILs trace the final boundary between
the old-cycle polarity, which will reverse at cycle maximum, and the new-cycle polarity which replaces it,
an evolution that takes about 15 years. These motions and their evolution provide important clues about
the fluid dynamics of the Sun and its dynamo processes. More recently, McIntosh’s maps have also been used
to study the morphology and global context of coronal cavities, as part of a study of the nature of coronal
mass ejection magnetic precursors (Gibson et al., 2010), and the global context of solar activity during the last
solar minimum (Thompson et al., 2011; Webb et al., 2011).

The Hα synoptic maps have proven to be unique tools for studying the structure and evolution of the large-
scale solar fields and polarity boundaries, because (1) they have excellent spatial resolution for defining polar-
ity boundaries, (2) the organization of the fields into long-lived, coherent features is clear, and (3) the data are
relatively homogeneous back to the start of cycle 20 in 1964 (McIntosh & Wilson, 1985). Time series zonal
“stack plots” of the maps are invaluable in identifying and tracking large-scale features, including polarity
boundaries, CHs, and active longitudes, over SC time scales (e.g., Gibson et al., 2017; McIntosh, 2003). An atlas
of stack plots of the Hα synoptic charts covering two full SCs, from 1966 to 1987, was published by NOAA
(McIntosh et al., 1991). Decadal stack plots have demonstrated the evolution of gaps in the polar crown,
polarity reversals, and longitudinal pattern drifts that circle the Sun over a cycle (McIntosh, 2003; McIntosh
& Wilson, 1985). Their analysis led to the development of a model of flux emergence and surface evolution
(McIntosh & Wilson, 1985; Wilson & McIntosh, 1991).

The overall science objective is to utilize the completed McA maps to investigate long-term solar variability
over SC periods. Our analysis work emphasizes understanding the SC variation of the toroidal and poloidal
components of the magnetic field, its connection to the dynamo and dynamo models, the sources and
evolution of active regions, CHs, filaments, and how the rotation rates of the various solar features vary over
these cycles.

A scientific study uniquely enabled by the McA is to follow the evolution of solar magnetic features as func-
tions of time across manymaps, such as with time series plots over SC time scales, that is, “butterfly” plots. For
the McA maps we can plot the latitude-longitude locations of specific colored (numbered) regions on each
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map and concatenate them together to form butterfly plots of specific features over SC time scales (see
examples in Gibson et al., 2017).

The McA maps enable studies of the SC variation of both closed and open magnetic structures as never
before and eventually will cover five contiguous SCs, 19–23. As an example, Figure 2a plots the poleward
most CH boundaries per CR for SC 23. It also shows the polewardmigration andwhat may be two populations
of CHs, polar CHs and low-latitude CHs that follow the sunspot/plage butterfly pattern. Analyses of
small-scale magnetic features, such as EUV bright points, magnetic regions of influence, g-nodes, torsional
oscillations (Figure 2b) with sunspots and CH centers, have recently been made (e.g., Bilenko &
Tavastsherna, 2016; Karna et al., 2015; McIntosh et al., 2014). The activity bands of these features emerge
around 55° north and south latitudes and take 18–19 years to reach the equator. Our maps show a pattern
of polar and low-latitude CHs with opposite polarities separated by the PCFs, which tend to demark this
important 55° latitude zone.

References
Babcock, H. W. (1961). The topology of the Sun’s magnetic field and the 22-year cycle. The Astrophysical Journal, 133, 572. https://doi.org/

10.1086/147060
Bilenko, I. A., & Tavastsherna, K. S. (2016). Coronal hole and solar global magnetic field evolution in 1976–2012. Solar Physics, 291(8),

2329–2352. https://doi.org/10.1007/s11207-016-0966-2
Charbonneau, P. (2010). Dynamo models of the solar cycle. Living Reviews in Solar Physics, 7, 3. https://doi.org/10.12942/lrsp-2010-3
Chatterjee, S., Hegde, M., Banerjee, D., & Ravindra, B. (2017). Long term study of the solar filaments from the synoptic maps as derived from H

spectroheliograms of Kodaikanal Observatory, arXiv:1707.05658v1.
Cliver, E. W. (2014). The extended cycle of solar activity and the Sun’s 22-year magnetic cycle. Space Science Reviews, 186(1-4), 169–189.

https://doi.org/10.1007/s11214-014-0093-z
Fox, P., McIntosh, P., & Wilson, P. R. (1998). Coronal holes and the polar field reversals. Solar Physics, 177(1/2), 375–393. https://doi.org/

10.1023/A:1004939014025
Gibson, S., Webb, D., Hewins, I., McFadden, R., Emery, B., Denig, W., & McIntosh, P. (2017). Beyond sunspots: Studies using the McIntosh

Archive of global solar magnetic field patterns, living around active stars. In D. Nandy, A. Valio, & P. Petit (Eds.), Proceedings IAU Symposium
No. 328, (pp. 93–100). Cambridge University Press. https://doi.org/10.1017/S1743921317003726

Gibson, S. E., Kucera, T. A., Rastawicki, D., Dove, J., de Toma, G., Hao, J., … Zhang, M. (2010). Three dimensional morphology of a coronal
cavity. The Astrophysical Journal, 724(2), 1133–1146. https://doi.org/10.1088/0004-637X/724/2/1133

Hathaway, D. H. (2015). The solar cycle. Living Reviews in Solar Physics, 12(1), 4. https://doi.org/10.1007/lrsp-2015-4
Hewins, I., Webb, D., Gibson, S., & McFadden, R. (2017). In memoriam: Patrick Siler McIntosh, 1940–2016. Space Weather, 15, 280–281. https://

doi.org/10.1002/2017SW001601
Howe, R. (2016). Solar interior structure and dynamics. Asian Journal of Physics, 25, 311.
Karna, N., Pesnell, W. D., & Zhang, J. (2015). Appearances and statistics of coronal cavities during the ascending phase of solar cycle 24. The

Astrophysical Journal, 810(2), 123. https://doi.org/10.1088/0004-637X/810/2/123
Leighton, R. B. (1964). Transport of magnetic fields on the sun. The Astrophysical Journal, 140, 1547. https://doi.org/10.1086/148058
Leighton, R. B. (1969). A magneto-kinematic model of the solar cycle. The Astrophysical Journal, 156, 1. https://doi.org/10.1086/149943

Figure 2. (left) The poleward most CH boundaries per CR for SC 23. (Filled circles diamonds) indicate the most northward (southward) extensions of CH boundaries
for each CR. Red and blue indicate magnetic polarity. (right) This same plot overlaid on a plot of the zonal flows (torsional oscillations) of the near-surface
(0.99 R⊙) magnetic field from the National Solar Observatory (NS) Global Oscillation Network Group (GONG), Solar and Heliospheric Observatory (SOHO) Michelson
Doppler Imager (MDI), and Solar Dynamics Observatory (SDO) Helioseismic and Magnetic Imager (HMI) data, covering the period from the beginning of the
GONG observations in 1995 to the present (from Howe, 2016; prepared by R. Komm). This shows that the poleward and equatorward magnetic flows over SC 23
match CH locations very well.

Space Weather 10.1002/2017SW001740

WEBB ET AL. LONG-TERM SOLAR VARIABILITY STUDIES 1445

Acknowledgments
We dedicate this article to Patrick
McIntosh who passed away in October
2016 (Hewins et al., 2017). Pat should be
considered one of the founding Fathers
of what we now call Space Weather,
because of his pioneering work in fore-
casting research starting at the Space
Environment Laboratory at the National
Oceanic and Atmospheric
Administration (NOAA) in Boulder. The
work of the authors was supported by
National Science Foundation RAPID
grant 1540544. The National Center for
Atmospheric Research (NCAR) is sup-
ported by the National Science
Foundation. The repository for the data
discussed here is available at https://
www.ngdc.noaa.gov/stp/space-
weather/solar-data/solar-imagery/com-
posites/synoptic-maps/mc-intosh/
(McIntosh, 1964).

https://doi.org/10.1086/147060
https://doi.org/10.1086/147060
https://doi.org/10.1007/s11207-016-0966-2
https://doi.org/10.12942/lrsp-2010-3
https://doi.org/10.1007/s11214-014-0093-z
https://doi.org/10.1023/A:1004939014025
https://doi.org/10.1023/A:1004939014025
https://doi.org/10.1017/S1743921317003726
https://doi.org/10.1088/0004-637X/724/2/1133
https://doi.org/10.1007/lrsp-2015-4
https://doi.org/10.1002/2017SW001601
https://doi.org/10.1002/2017SW001601
https://doi.org/10.1088/0004-637X/810/2/123
https://doi.org/10.1086/148058
https://doi.org/10.1086/149943
https://www.ngdc.noaa.gov/stp/space-weather/solar-data/solar-imagery/composites/synoptic-maps/mc-intosh/
https://www.ngdc.noaa.gov/stp/space-weather/solar-data/solar-imagery/composites/synoptic-maps/mc-intosh/
https://www.ngdc.noaa.gov/stp/space-weather/solar-data/solar-imagery/composites/synoptic-maps/mc-intosh/
https://www.ngdc.noaa.gov/stp/space-weather/solar-data/solar-imagery/composites/synoptic-maps/mc-intosh/


Makarov, V. I., & Sivaraman, K. R. (1986). Atlas of H-alpha synoptic charts for solar cycle 19 (1955–1964); Carrington solar rotations 1355 to
1486. Kodaikanal Observatory Bulletins, 7, 2–138.

McIntosh, P. S., (1964). Synoptic maps composites observed from McIntosh. NOAA Space Environment Laboratory, NOAA National Centers
for Environmental Information. https://doi.org/10.7289/V5765CCQ

McIntosh, P. S. (1975). H-alpha synoptic charts of solar activity for the period of skylab observations, May 1973–March 1974, UAG-40, NOAA
Space Environment Laboratory, Boulder, CO.

McIntosh, P. S. (1979). Annotated atlas of H-alpha synoptic charts for solar cycle 20 (1964–1974) Carrington solar rotations 1487–1616,
UAG-70, World Data Center A for Solar-Terrestrial Physics, NOAA/NGSDC, Boulder, CO.

McIntosh, P. S. (2003). Patterns and dynamics of solar magnetic fields and HeI coronal holes in cycle 23. In A. Wilson (Ed.), ESA SP-535 Solar
Variability as an Input to the Earth’s Environment (p. 807). Noordwijk, Netherlands: ESTEC.

McIntosh, P. S., & Nolte, J. T. (1975). H-alpha synoptic charts of solar activity during the first year of solar cycle 20, October 1964–August 1965,
UAG-41, NOAA Space Environment Laboratory, Boulder, CO.

McIntosh, P. S., Willock, E. C., & Thompson, R. J. (1991). National Geophysical Data Center, Atlas of Stackplots: 1966–1987, UAG-101, World
Data Center A for Solar-Terrestrial Physics, NOAA/NGSDC, Boulder, CO.

McIntosh, P. S., & Wilson, P. R. (1985). A new model for flux emergence and the evolution of sunspots and the large-scale fields. Solar Physics,
97(1), 59–79. https://doi.org/10.1007/BF00152979

McIntosh, S. W., Wang, X., Leamon, R. J., Davey, A. R., Howe, R., Krista, L. D.,… Thompson, M. J. (2014). Deciphering solar magnetic activity. I.
On the relationship between the sunspot cycle and the evolution of small magnetic features. The Astrophysical Journal, 792(1), 12. https://
doi.org/10.1088/0004-637X/792/1/12

Muñoz-Jaramillo, A., Dasi-Espuig, M., Balmaceda, L. A., & DeLuca, E. E. (2013). Solar cycle propagation, memory, and prediction: Insights from
a century of magnetic proxies. The Astrophysical Journal Letters, 767(2), L25. https://doi.org/10.1088/2041-8205/767/2/L25

Thompson, B. J., Gibson, S., Schroeder, P., Webb, D., Arge, C. N., Bisi, M. M.,…Woods, T. N. (2011). A snapshot of the sun near solar minimum.
Solar Physics, 274(1-2), 29–56. https://doi.org/10.1007/s11207-011-9891-6

Webb, D. F., Cremades, H., Sterling, A., Mandrini, C. H., Dasso, S., Gibson, S.,… Plunkett, S. P. (2011). The global context of solar activity during
the whole heliospheric interval campaign. Solar Physics, 274(1-2), 57–86. https://doi.org/10.1007/s11207-011-9787-5

Webb, D. F., Davis, J. M., & McIntosh, P. S. (1984). Observations of the reappearance of polar coronal holes and the reversal of the polar
magnetic field. Solar Physics, 92(1-2), 109–132. https://doi.org/10.1007/BF00157239

Wilson, P. R., & McIntosh, P. S. (1991). The reversal of the solar polar magnetic fields. Solar Physics, 136(2), 221–237. https://doi.org/10.1007/
BF00146532

Space Weather 10.1002/2017SW001740

WEBB ET AL. LONG-TERM SOLAR VARIABILITY STUDIES 1446

https://doi.org/10.7289/V5765CCQ
https://doi.org/10.1007/BF00152979
https://doi.org/10.1088/0004-637X/792/1/12
https://doi.org/10.1088/0004-637X/792/1/12
https://doi.org/10.1088/2041-8205/767/2/L25
https://doi.org/10.1007/s11207-011-9891-6
https://doi.org/10.1007/s11207-011-9787-5
https://doi.org/10.1007/BF00157239
https://doi.org/10.1007/BF00146532
https://doi.org/10.1007/BF00146532


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (ECI-RGB.icc)
  /CalCMYKProfile (Photoshop 5 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


