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[1] The state of the mesosphere is connected to the lower
atmosphere through various dynamical coupling processes.
Nine years of Odin satellite observations of noctilucent
clouds (NLC) have been analyzed as tracers for such pro-
cesses. Inter‐hemispheric coupling from the winter strato-
sphere and troposphere is confirmed to have a major
influence on the summer mesosphere. Intra‐hemispheric
coupling from the spring/summer stratosphere, on the other
hand, can control the onset of the NLC season. Most prom-
inently, the southern NLC season 2010–2011 started with a
delay of more than 20 days as compared to other years,
which coincides with an exceptionally persistent polar vor-
tex in the Antarctic stratosphere. Proposed mechanisms for
the above teleconnections are based on the effect of lower
atmospheric circulation on gravity wave filtering and, thus,
on the dynamical forcing of the mesospheric circulation.
Both intra‐ and inter‐hemispheric coupling processes are
needed for an understanding of the overall seasonal behav-
ior of the summer mesosphere. Citation: Gumbel, J., and
B. Karlsson (2011), Intra‐ and inter‐hemispheric coupling effects
on the polar summer mesosphere, Geophys. Res. Lett., 38,
L14804, doi:10.1029/2011GL047968.

1. Introduction

[2] Mesospheric ice formation depends critically on the
extreme thermal and dynamical conditions prevailing at the
polar summer mesopause [Rapp and Thomas, 2006]. This
makes ice phenomena like noctilucent clouds (NLCs)
important tracers for the complex processes that control
the state and variability of the mesosphere. Fundamental to
the global coupling processes addressed in this paper are the
forcing of the mesospheric circulation by gravity waves
(GW) and the modification of these gravity waves by the
lower atmospheric circulation. The meridional summer‐to‐
winter flow in the mesosphere is driven by the breaking
of GW and the resulting momentum transfer to the zonal
mean flow [Shepherd, 2000; Holton and Alexander, 2000].
The meridional flow drives high‐latitude temperatures from
radiative equilibrium and results in particular in the extremely
cold environment of the polar summer mesopause, with air
rising and cooling above the summer pole. The magnitude
and distribution of the gravity wave drag (GWD) are con-

trolled by the zonal wind at lower altitudes that acts as a
filter for gravity wave propagation. Any changes in the
zonal flow thus lead to modifications of the GWD. In the
summer hemisphere, the zonal flow in the middle atmo-
sphere is relatively regular, whereas in winter it is distorted
by planetary wave activity. Both seasonal and interannual
variability are thus significantly larger in the winter hemi-
sphere. In addition to this summer‐winter difference, there is
a hemispheric asymmetry in planetary wave activity: Caused
by the more uneven land‐sea distribution, the northern
hemisphere (NH) is usually dynamically more active than
the southern hemisphere (SH), which is reflected e.g. by
frequent stratospheric warmings in the NH.
[3] Inter‐hemispheric coupling denotes the dynamical

control of the summer mesosphere by the winter hemi-
sphere. The existence of such an inter‐hemispheric link was
first suggested by model studies [Becker and Schmitz, 2003;
Becker et al., 2004; Becker and Fritts, 2006], supported by
local observations of mesospheric conditions. Subsequently,
global observations of noctilucent clouds have confirmed
this remarkable connection between the two hemispheres,
both on a year‐to‐year basis [Karlsson et al., 2007] and on
an intra‐seasonal basis [Karlsson et al., 2009a]. A basic
result is that the larger dynamical variability of NH winter
causes a more variable and weaker NLC season in the SH
summer mesosphere. The mechanisms behind this inter‐
hemispheric connection have been described in detail by
Karlsson et al. [2009b] and Körnich and Becker [2010]. In
short, the series of wave ‐ mean flow interactions that
couple the two hemispheres starts off in the winter tropo-
sphere and stratosphere where planetary waves modulate the
westerly wind. Since GW propagation is closely tied to the
zonal wind speed of the background atmosphere, modula-
tion of the winter westerlies leads to a redistribution of the
GWD and, hence, to a modulation of the meridional flow in
the winter mesosphere. The response in the temperature
field is such that during periods of high planetary wave
activity the high latitude winter mesosphere is anomalously
cold due to reduced downwelling. By continuity, the low
latitude winter mesosphere is at the same time anomalously
warm due to reduced upwelling. The warming response in
the equatorial mesosphere changes the temperature gradient
between low and high latitudes in the summer mesosphere,
and thus, via the thermal wind balance, also the mesospheric
zonal wind. This change in wind modulates the breaking
level for the gravity waves in the summer hemisphere, hence
affecting the meridional flow in the summer mesopause
region so that also this part of the atmosphere is anoma-
lously warmer. Similarly, during periods of low planetary
wave activity in the winter hemisphere, the response in the
summer polar mesopause region is, through the same chain
of actions, an anomalous cooling.
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[4] Intra‐hemispheric coupling denotes the dynamical
control of the summer mesosphere from lower altitudes in
the same hemisphere. Interactions of gravity waves in the
stratosphere have been discussed by Alexander and Rosenlof
[1996], who showed how differences in the zonal wind
fields cause differences in the summertime GWD between
the hemispheres. Siskind et al. [2003] have investigated the
detailed effects of this on the summer mesopause region.
Kirkwood et al. [1998] applied these ideas to discuss the
seasonal behavior of polar mesosphere summer echoes in
the NH. As described above, the SH winter stratosphere is
less variable than the NH due to little planetary wave
activity. As a consequence, the strong zonal winds that form
the winter‐time stratospheric polar vortex occasionally
persist well into the summer in the SH. This in turn can have a
major effect on the NLC environment in the summer meso-
sphere, as has recently been described by Karlsson et al.
[2011]. The westerly wind that characterizes the strato-
spheric winter circulation filters out a significant portion
of the eastward propagating GW in the lower part of the
atmosphere. This prevents these GW from reaching the
middle atmosphere, thus reducing the GWD in the meso-
sphere. If these conditions prevail into the summer season,
reduced GWD leads to weaker meridional flow and thus
higher temperatures in the summer mesopause region.
Consequently, Karlsson et al. suggest that the onset of the
NLC season is delayed during years with persistent winter
flow conditions in the underlying stratosphere.
[5] In this paper, we analyze nine years of Odin satellite

data. We use NLCs (also known as polar mesospheric
clouds, PMCs, when observed from space) as tracers for the
seasonal and interannual variability of the summer meso-
sphere. This is compared to stratospheric conditions
obtained from the re‐analysis of the European Centre for

Medium‐Range Weather Forecasts (ECMWF). Section 2
describes the data used for this study. Section 3 discusses
signatures of intra‐ and inter‐hemispheric coupling identi-
fied in the dataset. Section 4 concludes with a perspective on
mesospheric responses to possible secular trends in strato-
spheric circulation.

2. Data

[6] The Swedish‐led Odin satellite has been in orbit since
early 2001, providing mesospheric coverage that has con-
tinuously improved during the course of the mission. In
early years observation time had to be shared with astro-
nomical and stratospheric studies, which limited regular
mesospheric observations to every ninth day and occasional
dedicated two‐week NLC campaigns. In recent years, daily
mesospheric measurements have been possible during the
NLC seasons as Odin’s astronomy studies ended in 2007
and the distribution between stratospheric and mesospheric
observation modes has become more flexible. Basic con-
cepts of Odin’s NLC observations have been described e.g.
by Karlsson and Gumbel [2005]. The NLC analysis is based
on the Optical Spectrograph and Infra‐Red Imager System
(OSIRIS) that provides atmospheric limb spectra at wave-
lengths between 275 and 810 nm [Llewellyn et al., 2004].
The results discussed here are based on NLC observations
near 400 nm. Odin is in a sun‐synchronous orbit providing
about fifteen orbits per day with NLC observations around
6:00 and 18:00 local time.
[7] Figure 1 shows mean NLC occurrence frequencies in

the latitude band 60°–80° obtained from the northern sum-
mer 2002 until the southern summer 2010/2011. Occurrence
frequency is defined as the number of limb scans with
identified NLCs divided by the total number of limb scans.

Figure 1. NLC occurrence frequency in the latitude band 60°–80° in the (top) northern hemisphere and (bottom) southern
hemisphere as obtained from Odin/OSIRIS. Data are shown for the northern summers 2002–2010 and for the southern sum-
mers 2002/2003 to 2010/2011. A three‐day running average has been applied. Dashed lines indicate data gaps during per-
iods when Odin was operated in non‐mesospheric modes. Time on the x‐axis is given as days from summer solstice (DFS).
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Data points are daily means, combining both morning and
evening measurements, with additional smoothing by a
3‐day running average. When calculating the means, obser-
vations are weighted with the cosine of the latitude as
observations at lower latitudes represent a larger latitude
circle. Note that any results on NLC occurrence frequency
are specific for a particular instrument and detection
threshold. For OSIRIS the threshold for NLC detection is a
limb backscatter ratio of ∼1.3, defined as the ratio between
the total signal and the molecular Rayleigh background at
the NLC peak altitude.
[8] In order to investigate connections between NLC

occurrence and lower atmospheric conditions, meteoro-
logical data have been used from the European Centre for
Medium‐Range Weather Forecasts (ECMWF) Interim
Re‐Analysis. This includes in particular stratospheric zonal
winds and stratospheric temperature anomalies as a proxy
of planetary wave activity [Karlsson et al., 2007].

3. Discussion

[9] Inter‐hemispheric coupling has major influences on
the seasonal and interannual variability of the summer
mesosphere. The Odin NLC data in Figure 1 illustrate
several such influences. The NH shows less variability than
the SH in both seasonal and interannual behavior. As
described in section 1, this is understood in terms of the
hemispheric differences in stratospheric winter planetary
wave activity with substantially more wave activity in the
NH than in the SH [Karlsson et al., 2007]. Modulation of
the zonal wind by these planetary waves is instrumental to
the variability of gravity wave filtering and thus the vari-
ability of the forcing of the mesospheric circulation, which
translates into the observed inter‐hemispheric differences in
NLC variability. An obvious exception to the low interan-
nual variability of the NH mesosphere is the summer of
2002 in Figure 1. NLC occurrence frequencies in this season
are substantially lower than during other years. This coin-

cides with the exceptionally disturbed dynamical conditions
in the SH stratosphere that led to the ozone hole split over
the Antarctic in September 2002. It is this exceptional year
led to the original discovery of inter‐hemispheric coupling
[Becker et al., 2004].
[10] The inter‐hemispheric coupling between stratospheric

winter conditions and mesospheric summer conditions can
be quantified following the ideas of Karlsson et al. [2007].
This results in the correlation plot shown in Figure 2.
Summer mesosphere conditions (along the y‐axis) are
represented by the anomaly of NLC occurrence frequency.
(This is in contrast to Karlsson et al. [2007] who used NLC
particle radius as proxy for summer mesosphere conditions.)
In each hemisphere, this anomaly is calculated as the
deviation from the long‐term average of the monthly mean
NLC occurrence frequency in July (NH) or January (SH) in
the latitude range 50–80°. Winter stratosphere conditions
(along the x‐axis) are represented by a stratospheric tem-
perature anomaly, i.e. a deviation from the long‐term tem-
perature average, that serves as a proxy for planetary wave
activity. These stratospheric temperatures are averaged over
the region of largest inter‐hemispheric correlation, namely
the height interval 100–10 hPa and the latitude interval
60–80° and 40–60° in the NH and SH, respectively [Karlsson
et al., 2007, Figure 2]. The temperatures are then averaged
over a 30 day period that is shifted by −7 days as compared
to the averaging period for the NLC data. This shift repre-
sents a typical response time of the summer mesosphere to
influences from the winter stratosphere. The underlying
wave interactions and propagation times have been dis-
cussed by Karlsson et al. [2009a] and Körnich and Becker
[2010].
[11] Figure 2 is an excellent confirmation of the major role

of inter‐hemispheric coupling for the bulk NLC season. The
anticorrelation between winter stratosphere temperature
(and thus planetary wave activity) and summer mesosphere
NLC occurrence is here described by a correlation coeffi-
cient of −0.83. Note that the NLC occurrence frequency for
SH04/05 season apparently does not follow the general anti‐
correlation in Figure 2. A particular feature of this season
was a solar proton event (SPE) in the middle of January that
caused a strong decline of NLC occurrence frequencies [von
Savigny et al., 2007]. In fact, in the first half of January prior
to the SPE, the SH04/05 occurrence frequency was among
the highest of the decennium (Figure 1). It is interesting to
note that the NLC depletion following the SPE is in itself an
example of a dynamical coupling process between the lower
atmosphere and the mesopause region [Becker and von
Savigny, 2010].
[12] Turning now to intra‐hemispheric coupling, Figure 1

provides important information about the start and the end
of the NLC season. Most notably, the start of the season in
the SH is much more variable than the start of the season in
the NH. A deviation from the low NH variability is the late
start of the season 2002, i.e. the exceptional year of the
Antarctic ozone hole split. The end of the season shows little
year‐to‐year variability in both hemispheres, with the NH
season lasting typically five days longer than the SH season.
We quantify these numbers by defining the start and end of
the NLC season as the first and last day, respectively, with the
observed NLC occurrence frequency in Figure 1 exceeding
10%. Over the course of the Odin mission we find the NH
season lasting from −26 ± 3 until 63 ± 3 days from summer

Figure 2. The relationship between summer mesosphere
NLC occurrence and winter stratosphere conditions. Plotted
is the anomaly in the NLC occurrence in July/January vs.
the anomaly of the mid‐stratosphere winter temperature
field as a measure of planetary wave activity. The strong
anti‐correlation between both parameters is explained by
inter‐hemispheric coupling. See text for details.
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solstice, and the SH season lasting from −24 ± 9 until 58 ±
2 days from summer solstice.
[13] Similar to the overall variability of the SH season, the

large variability of the start of the SH season may in part be
explained by the variability of the NH lower atmosphere in
combination with inter‐hemispheric coupling. However, the
intra‐hemispheric coupling described in section 1 provides
an explanation particularly for the occasional very late
onsets of the SH season. This intra‐hemispheric coupling
links the delay of the NLC season to the persistency of the
stratospheric winter jet. This persistency leads to GW fil-
tering conditions that cause a delay of the onset of the
mesospheric summer circulation. Indeed, the late onsets of
the SH NLC seasons in 06/07, 07/08, 08/09 and 10/11 all
coincide with years of long‐lasting polar vortex conditions
in the Antarctic stratosphere.
[14] Various measures have been defined to describe the

spring breakdown of the polar vortex. Langematz and Kunze
[2006] define this as the day when the zonal mean westerlies
at 65° latitude at 50 hPa first decrease below a threshold of
10 m/s. For our purposes, we are most interested in the final
transition of the stratospheric circulation that marks the end
of the wintertime GW filtering by the westerly jet. Hence,
we define a stratospheric transition date as the final day
when the zonal mean westerlies at the above coordinates
(65°, 50 hPa) decrease below a velocity threshold, here
chosen as 30 m/s. Figure 3 plots this date of the stratospheric
wind transition against the start of the SH NLC season from
Figure 1. In accordance with the idea of an intra‐hemispheric
coupling, a strong dependence of the NLC onset on the
timing of the stratospheric wind transition is indeed
observed. While no obvious effect on the NLC onset is
observed for early stratospheric vortex break‐ups, late vor-

tex break‐ups tend to delay the NLC onset. In years with the
stratospheric transition occurring later than 30–40 days
before solstice, Figure 3 suggests that the NLC season starts
typically 10 days after the stratospheric transition date as
defined above.
[15] A similar dependence is not observed in the NH.

Applying the same wind criterion as above, the stratospheric
wind transition in the NH takes place typically 50–100 days
before summer solstice. Hence, polar stratospheric jet con-
ditions never last long enough to delay the onset of the polar
mesospheric summer circulation, and thus the start of the
NLC season.

4. Conclusions

[16] Noctilucent clouds prove to be valuable tracers for
dynamical processes that involve the entire middle atmo-
sphere. Nine years of NLC data from the Odin satellite have
been analyzed with respect to coupling processes that con-
trol the polar summer mesosphere. Common to these cou-
pling processes is the effect of lower atmospheric circulation
on the filtering of gravity waves and, hence, on the forcing
of the mesospheric circulation. Inter‐hemispheric coupling
from the winter stratosphere is confirmed to play a decisive
role for the seasonal, interannual, and hemispheric variability
of NLCs. Intra‐hemispheric coupling from the stratosphere,
on the other hand, opens an upward pathway for polar
vortex conditions to affect the summer mesosphere. In
particular, the strong SH stratospheric jet can delay the start
of the SH NLC season in years when the jet is persistent
beyond 30–40 days before summer solstice.
[17] The persistency of the Antarctic stratospheric vortex

and its effect on the onset of the SH polar mesospheric
summer circulation are important in the light of long‐term
trends in the stratosphere. Waugh and Polvani [2010] point
out a significant positive trend of the vortex persistency
over recent decades. Through the intra‐hemispheric coupling
described above such a stratospheric trend would make very
late onsets of the SH NLC season as observed in 2010/2011
more common in future. However, as various trends may
affect stratospheric dynamics, the future development of
vortex conditions remain an open question [Son et al., 2008].
[18] In conclusion, both intra‐ and inter‐hemispheric cou-

pling processes need to be addressed for an understanding of
the overall seasonal behavior of the summer mesosphere.
Future observational and model studies should include the
interplay of both mechanisms. The current paper has
focused on signatures of inter‐ and intra‐hemispheric cou-
pling in NLC occurrence data. An upcoming paper will
address a more detailed analysis of global coupling processes
based on Odin results on NLC properties, water vapor and
temperature.
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Figure 3. Relationship between the start of the southern
NLC season and the end of the southern hemisphere winter
polar vortex. The start of the NLC season (y‐axis) is defined
from Figure 1 as the first day with occurrence frequencies
exceeding 10%. The date of the stratospheric wind transition
(x‐axis) defines the end of the winter polar vortex based the
stratospheric zonal wind speed, as described in the text.
Dates are plotted as days from solstice (DFS). The vertical
extent of some data points represents uncertainties due to
gaps in Odin’s mesospheric coverage.

GUMBEL AND KARLSSON: COUPLING EFFECTS ON THE MESOSPHERE L14804L14804

4 of 5



References
Alexander, M., and K. Rosenlof (1996), Nonstationary gravity wave
forcing of the stratospheric zonal mean wind, J. Geophys. Res., 101,
23,465–23,474, doi:10.1029/96JD02197.

Becker, E., and D. C. Fritts (2006), Enhanced gravity‐wave activity and
interhemispheric coupling during the MaCWAVE/MIDAS northern
summer program 2002, Ann. Geophys., 24, 1175–1188, doi:10.5194/
angeo-24-1175-2006.

Becker, E., and G. Schmitz (2003), Climatological effects of orography and
land‐sea heating contrasts on the gravity‐wave driven circulation of the
mesosphere, J. Atmos. Sci., 60, 103–118, doi:10.1175/1520-0469(2003)
060<0103:CEOOAL>2.0.CO;2.

Becker, E., and C. von Savigny (2010), Dynamical heating of the polar
summer mesopause induced by solar proton events, J. Geophys. Res.,
115, D00I18, doi:10.1029/2009JD012561.

Becker, E., A. Müllemann, F.‐J. Lübken, H. Körnich, P. Hoffmann, and
M. Rapp (2004), Modulation of the general circulation of the MLT by
high Rossby‐wave activity in austral winter 2002, Geophys. Res. Lett.,
31, L24S03, doi:10.1029/2004GL019615.

Holton, J. R., and M. J. Alexander (2000), The role of waves in the trans-
port circulation of the middle atmosphere, in Atmospheric Sciences
Across the Stratopause, Geophys. Monogr. Ser., vol. 123, edited by
D. E. Siskind, S. D. Eckerman, and M. E. Summers, pp. 21–35, AGU,
Washington, D. C.

Karlsson, B., and J. Gumbel (2005), Challenges in the limb retrieval of
noctilucent cloud properties from Odin/OSIRIS, Adv. Space Res., 36,
935–942, doi:10.1016/j.asr.2005.04.074.

Karlsson, B., H. Körnich, and J. Gumbel (2007), Evidence for interhemi-
spheric stratosphere‐mesosphere coupling derived from noctilucent
cloud properties, Geophys. Res. Lett., 34, L16806, doi:10.1029/
2007GL030282.

Karlsson, B., C. E. Randall, S. Benze, M. Mills, V. L. Harvey, S. M.
Bailey, and J. M. Russell (2009a), Intra‐seasonal variability of polar
mesospheric clouds due to inter‐hemispheric coupling, Geophys. Res.
Lett., 36, L20802, doi:10.1029/2009GL040348.

Karlsson, B., C. McLandress, and T. G. Shepherd (2009b), Inter‐
hemispheric mesospheric coupling in a comprehensive middle atmo-
sphere model, J. Atmos. Sol. Terr. Phys., 71, 518–530, doi:10.1016/j.
jastp.2008.08.006.

Karlsson, B., C. E. Randall, T. G. Shepherd, V. L. Harvey, J. Lumpe,
K. Nielsen, S. M. Bailey, M. Hervig, and J. M. Russell (2011), On the

onset of polar mesospheric clouds and the breakdown of the stratospheric
polar vortex, J. Geophys. Res., doi:10.1029/2011JD015989, in press.

Kirkwood, S., V. Barabash, P. Chilson, A. Réchou, K. Stebel, P. Espy,
G. Witt, and J. Stegman (1998), The 1997 PMSE season: Its rela-
tion to wind, temperature and water vapour, Geophys. Res. Lett., 25,
1867–1870, doi:10.1029/98GL01243.

Körnich, H., and E. Becker (2010), A simple model for the interhemi-
spheric coupling of the middle atmosphere circulation, Adv. Space
Res., 45, 661–668, doi:10.1016/j.asr.2009.11.001.

Langematz, U., and M. Kunze (2006), An update on dynamical changes in
the Arctic and Antarctic polar vortices, Clim. Dyn., 27, 647–660,
doi:10.1007/s00382-006-0156-2.

Llewellyn, E. J., et al. (2004), The OSIRIS instrument on the Odin space-
craft, Can. J. Phys., 82, 411–422, doi:10.1139/p04-005.

Rapp, M., and G. E. Thomas (2006), Modeling the microphysics of
mesospheric ice particles: assessment of current capabilities and basic
sensitivities, J. Atmos. Sol. Terr. Phys., 68, 715–744, doi:10.1016/j.
jastp.2005.10.015.

Shepherd, T. G. (2000), The middle atmosphere, J. Atmos. Sol. Terr. Phys.,
62, 1587–1601, doi:10.1016/S1364-6826(00)00114-0.

Siskind, D. E., S. D. Eckermann, J. P. McCormack, M. J. Alexander, and
J. T. Bacmeister (2003), Hemispheric differences in the temperature
of the summertime stratosphere and mesosphere, J. Geophys. Res.,
108(D2), 4051, doi:10.1029/2002JD002095.

Son, S.‐W., L. M. Polvani, D. W. Waugh, H. Akiyoshi, R. Garcia,
D. Kinnison, S. Pawson, E. Rozanov, T. G. Shepherd, and K. Shibata
(2008), The impact of stratospheric ozone recovery on the southern
hemisphere westerly jet, Science, 320, 1486–1489, doi:10.1126/science.
1155939.

von Savigny, C., M. Sinnhuber, H. Bovensmann, J. P. Burrows, M.‐B.
Kallenrode, and M. Schwartz (2007), On the disappearance of noctilu-
cent clouds during the January 2005 solar proton events, Geophys.
Res. Lett., 34, L02805, doi:10.1029/2006GL028106.

Waugh, D. W., and L. M. Polvani (2010), Stratospheric polar vortices, in
The Stratosphere: Dynamics, Transport, and Chemistry, Geophys.
Monogr. Ser., vol. 190, edited by L. M. Polvani, A. H. Sobel, and
D. W. Waugh, pp. 43–57, AGU, Washington, D. C.

J. Gumbel and B. Karlsson, Department of Meteorology, Stockholm
University, SE‐106 91 Stockholm, Sweden. (gumbel@misu.su.se)

GUMBEL AND KARLSSON: COUPLING EFFECTS ON THE MESOSPHERE L14804L14804

5 of 5



<<
  /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 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /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 ()
  /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


