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Assessment of the zonal asymmetry trend in Antarctic total ozone
column using TOMS measurements and CCM Val-2 models

Abstract. In the paper the seasonal trends in the zonal asymmetry in the quasi-stationary wave pattern of total ozone column
(TOC) at southern polar latitudes have been investigated. We evaluated and compared seasonal trends in the zonal TOC
asymmetry from modern era satellite measurements using the Total Ozone Mapping Spectrometer data and the second Chemistry
Climate Model Validation (CCM Val-2) assessment. The model longitude phase shifts in asymmetry are in general consistent
with the eastward phase shifts observed in historical period 1979—2005, however, there are underestimated values in individual
seasons. Future trends in zonal asymmetry from the eleven CCM Val-2 models up to 2100 are presented. They demonstrate the
appearance of reverse (westward) future phase shifts, mainly in austral summer. The results are in agreement with previous study
and highlight that the general eastward/westward phase shift is caused by both greenhouse gases changes and ozone depletion/
recovery. The greenhouse gases change drives a basic long-term eastward shift, which is enhanced (decelerates or reverses) in
austral spring and summer by ozone depletion (recovery). The trends in the TOC asymmetry are forced by a general strengthening
of the stratospheric zonal flow, which is interacting with the asymmetry of the Antarctic continent to displace the quasi-stationary
wave-1 pattern and thus influences the TOC distribution. The results will be useful in prediction of seasonal anomalies in ozone
hole and long-term changes in the local TOC trends, in ultraviolet radiation influence on the Southern Ocean biological
productivity and in regional surface climate affected by the zonally asymmetric ozone hole.
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1 Introduction

Quasi-stationary planetary waves (QSW) are gener-
ally recognized as dynamic processes that play an im-
portant role in the global distribution of temperature
and ozone. The QSW impact on the polar stratosphere
is dependent to a large degree on the El Nifio pheno-
menon in the tropical Pacific. In the last decades, El

Nifio events occur more frequently in the central Pa-
cific than in conventional El Nifio region in the eastern
Pacific (Ashok et al., 2007). The central Pacific events
are associated with the strong effects in the Southern
Hemisphere stratosphere due to planetary wave pro-
pagation (Yang et al., 2015) accompanied by zonal
asymmetry in the Antarctic stratosphere (Lin et al.,
2012; Evtushevsky et al., 2019), particularly, in tem-
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perature and ozone (Wirth, 1993; Bodeker & Scour-
field, 1995; Ialongo et al., 2012). Since El Nifio evo-
lution tends to be predictable at several months lead
time (Domeisen et al., 2019), the conditions in the
Antarctic stratosphere could also be predicted on a
seasonal time scale based on zonal asymmetry met-
rics (Kravchenko et al., 2012; Milinevsky et al., 2020).
This suggests the need for a detailed study of the zonal
asymmetry to better understand and predict not only
the seasonal development of the Antarctic ozone hole,
but also its long-term changes.

Studies have shown that there is a statistically sig-
nificant spatial correlation between total ozone col-
umn (TOC) wave structure and the planetary wave in
temperature perturbation (Wirth, 1993). In the Southern
Hemisphere (SH), the QSW of zonal wave number 1
(QSWI1) is a prominent feature in the TOC (Wirth,
1993; Quintanar & Mechoso, 1995; Grytsai et al.,
2007; Grytsai et al., 2017). Analysis of the mean geo-
potential height fields has shown that the amplitude
of QSWI1 is the largest of any of the quasi-stationary
waves both in Northern and in Southern Hemispheres
(Hobbs & Raphael, 2007; Turner et al., 2017). Mous-
taoui et al. (2003) have shown that the stratospheric
QSWI perturbs the isentropic surfaces, redistributing
ozone in such a way that the ozone fields closely mimic
the observed pattern in the stratospheric geopotential

October 2014

height field. In addition, Agosta and Canziani (2011)
found that a considerable fraction of the interannual
TOC variability occurs primarily in response to QSW1
phase changes. Therefore, a relationship between the
TOC evolution and planetary wave variability, in am-
plitude and phase, could provide a link between the
observed ozone variability and stratospheric dynamics.

The planetary waves show a large inter-annual variabil-
ity in both amplitude and phase. In the wintertime, south-
ern mid-latitudes wave activity influenced polar strato-
spheric temperatures (positive correlation) and thus the
severity of ozone depletion (Kravchenko et al., 2012).

The distribution of the TOC at extra-tropical latitudes
in the SH exhibits zonal asymmetry which varies with
season. Unlike the Polar Regions, where the ozone hole
dominates, SH mid- to high latitudes (50°—70° S)
demonstrate high TOC values (especially in spring) —
ozone ‘collar’, but the ozone distribution is not uniform.
A measure of zonal asymmetry in stratospheric ozone
is longitudinal variations of TOC with respect to the
zonal mean, where zonal asymmetry is represented by
a region of low ozone (TOC minimum) and another
region of high ozone level (TOC maximum).

The zonal asymmetry in the TOC distribution over
latitudes south of 50° S in October 2014 (Fig. 1a) is
shown by the data from Ozone Monitoring Instrument
(OMI) aboard the Aura satellite platform (http://ozoneaq.

Figure 1. (a) Total ozone in the SH middle/high latitudes in October 2014. (b) Map of longitudinal locations of zonal QSW1
maximum (red) and zonal QSWI minimum (blue) at seven latitudes between 50° S and 80° S; westernmost (easternmost)
longitudesin 1979 (2002) determined from the polynomial fit using TOMS—OMI data. Black dotted (solid) line marks longitudes
of ozone minimum (maximum) for 2015. Modified from Grytsai et al. (2017)
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Figure 2. Austral spring trends in (a) zonal minimum and (b) maximum phase shift for REF-B1

model ensembles (1979—2005)

gsfc.nasa.gov/). White oval contour in Fig. la corre-
sponds to the ozone hole boundary with TOC value
of 220 Dobson Units (DU). The longitude zonal
QSWI phase shift (in ozone minimum and maxi-
mum) in South Polar region over 50—80° S latitudes
in 1979—2015 is shown in Fig. 1b.

As shown by Grytsai et al. (2007; 2017), the longi-
tudes of the spring TOC minimum (A __ ) and maxi-
mum (A__ ) positions in the collar region have exhib-
ited a general eastward shift over the years 1979 to
2005. The magnitude of the shift is larger for the &
than for the &, and varies with latitude. The cause

of this effect has been linked to feedback of the ozone
hole on excitation of the stratospheric wave-1 QSW
outside the polar vortex (Grytsai et al., 2007), how-
ever a detailed assessment of the underlying physical
mechanism is yet to be reported.

It should be noted that, in a changing climate,
Southern Ocean phytoplankton will experience in-
creased irradiances (Deppeler & Davidson, 2017).
Because the shift of & . is potentially exposing a larg-
er area of the biologically productive Weddell Sea re-
gion to progressively higher levels of ultra-violet ra-
diation during spring, it is important to understand
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the cause of the TOC asymmetry and its future re-
gional trends. The effects of asymmetric TOC recov-
ery (Grytsai et al., 2017) must also be considered.

In this paper, we investigated the seasonal trends in
the zonal asymmetry in the quasi-stationary wave
pattern of total ozone column at southern polar lati-
tudes. The trends were evaluated using observations
with the Total Ozone Mapping Spectrometer and
were compared with the second Chemistry Climate
Model Validation (CCMVal-2) assessment.

In Section 2, the model, data and model runs for
the zonal minimum and maximum phase shift in his-
torical period and future projections are considered,
followed by discussion and summarizing conclusions
in Section 3.

2 Model, data and simulations

We examine the monthly mean TOC fields produced
for the second Chemistry Climate Model Validation
(CCMVal-2) activity of Stratospheric Processes and
their Role in Climate (SPARC) (Eyring et al., 2010;
Siddaway et al., 2013). CCMVal-2 involved contri-
butions from 15 chemistry climate models (CCMs)
with the aim of improving CCMs through an evalua-
tion process and to produce robust projections of
stratospheric ozone and its impact on climate (Mor-
genstern et al., 2010). These models simulate 3-di-
mensional atmospheric circulation with fully inter-
active stratospheric chemistry: external forcing such
as greenhouse gases (GHG), ozone-depleting sub-
stances (ODS) and stratospheric aerosols are pre-
scribed but ozone is evaluated.

A review of the models used in CCMVal-2 can be
found in (Eyring et al., 2010) and (Morgenstern et al.,
2010). Here we examine a subset of the models, and fo-
cus on the austral winter June, July and August (JJA),
spring September, October, November (SON) and sum-
mer December, January and February (DJF) months for
the ‘modern era’ (1960—2005; REF-BI reference runs, see
Fig. 2 and Fig. 3, left) and the ‘prediction era’ (1960—2100;
REF-B2 reference runs, see Fig. 3, right). We extend the
analysis of (Grytsai et al., 2007) to include results for JJA
and DJF (Fig. 3). REF-B2 simulations represent inter-
nally consistent data output from the past to the future in
order to produce best estimates of future ozone—climate
change up to 2100. These include specific assump-
tions about GHG increases and decrease in halogen
emissions, in relation to anthropogenic forcing only.
Additionally we include results from CCM Val-2 sen-
sitivity control simulations (SCN-B2d) run over the
same time period as the REF-B2 model runs.

Data from these simulations are designed to ad-
dress the impact of the natural variability of the REF-
B2 simulations. Additional natural forcings, includ-
ing a repeated solar cycle, together with an internally
generated Quasi-Biennial Oscillation, under volcan-
ically clean conditions are included.

We compare the spring trends obtained from ob-
servations (Grytsai et al., 2007), shown as “TOMS’ in
Fig. 2, with results from CCM Val-2 models by restrict-
ing the REF-B1 runs to 1979—2005 (Fig. 2). Data from
REF-B2 model runs were also restricted to 2005—2100
for continuity (Fig. 3, right). To statistically examine
TOC asymmetry for each reference period, seasonal
zonal averages within 5° latitude steps from 50—80° S

Table. Summary of linear trends for A, and A, at 55° S with 95% confidence limits in brackets.

Statistically significant trends are highlighted in bold

Trend JIA SON DJF
(deg/decade) ) . A 2z by
Observations 13.3 4.0 13.7 7.6 9.2 11.7
1979—-2005 [7.6] [9.3] [4.9] [4.9] [13.1] [12.0]
REF-B1 ensemble 3.3 0.4 7.2 8.2 14.4 10.6
1979—-2005 [4.7] [4.0] [4.0] [4.5] [6.0] [4.7]
REF-B2 ensemble 0.5 0.13 —-0.7 —0.2 -2.4 -14
2005—-2100 [1.0] [0.9] [0.8] [0.8] [1.0] [1.0]
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Figure 3. Multi-modal means in phase shift for three austral seasons — spring, summer and winter, in 1979—2005 for zonal
minimum (a), zonal maximum (b) and wave-1 patterns (c); (d), (e), (f) same as (a), (b), (c), but for 2005—2100

were extracted. This was performed in order to in-
clude the ozone ‘collar’ region outside the ozone
hole where wave perturbations are significant (Gryt-
sai et al., 2007).

Latitudinal means for the 3 seasons were calculat-
ed for total ozone at the quasi-stationary wave ridges
and troughs (TOC__ and TOC ) along with their
longitudinal positions (Fig. 3), as previously stated.
To illustrate the extent of zonal asymmetry, the am-
plitude of the zonal wave (A ) was calculated as the
half-difference of TOC__ and TOC , , along with

54

min’

the relative zonal asymmetry as a percentage differ-
ence between the TOC at the wave extremes.

To further compare the CCM Val-2 results with ob-
servations (Grytsai et al., 2007), Fourier decomposi-
tion of the QSW maxima was performed in order to
analyze zonal wave-1 (Fig. 3c¢) and wave-2 (not shown)
patterns, as they vary with latitude. Decadal linear
trends of wave parameters for each model over each
reference period were obtained to consider the long-
term behavior of Antarctic ozone zonal asymmetry.
For the ensemble mean, a simple average was calcu-
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lated, together with a 95% confidence interval as an
uncertainty. Examples for 55° S are given in Table.

Results in Table indicate the robust trends in phase
shift. Overall we find that the ensemble REF-B1 lin-
eartrendsin}_, andA__ are of the same sign as for the
historical observations, with the magnitudes of the model
trends compared with observations being smaller in
winter and spring, and comparable in summer.

Statistically significant linear trends occur in winter
(i.e. before the ozone hole formation) in the observa-
tions, but are not evident in the model data. The REF-B2
scenarios generally suggest a continuation of the east-
ward shift, though with reduced magnitude, in the
first half of the 21st century (not shown in Table).

Most models show a dominant eastward shift at
lower latitudes that weakens at high latitudes for zon-
al maximum, but remains mostly stable for zonal
minimum (Fig. 2b and 2a, respectively). This contra-
dicts TOMS observations over the same time period,
which suggest an increasing eastward shift in the zon-
al minimum towards the pole (Fig. 1b and “TOMS’
in Fig. 2a). However, model trends in the zonal max-
imum broadly agree with TOMS observations with a
decreasing eastward shift (but with smaller magni-
tude) approaching the South Pole.

Multi-modal means in phase shift for three austral
seasons — spring, summer and winter, for the ‘obser-
vation era’ of 1979—2005 are shown in Fig. 3a, b, c
for zonal minimum, maximum and QSW wave-1 com-
ponent. Error bars in Fig. 3 represent the 95% confi-
dence interval. An eastward phase shift for each 5°
latitude bin, which is dominant for all seasons, was
found to be strongest, up to 15°/decade, in the aus-
tral summer months around 60° S (Fig. 3, left). The
spring phase shift in zonal maximum (for both the
QSW and its wave-1 component) is stronger than the
winter shift at lower latitudes, but is weaker than that
at higher latitudes. This result generally agrees well
with TOMS observations (Grytsai et al., 2007), in
particular for the wave-1 component phase shift. Fu-
ture trends in zonal asymmetry from the eleven
CCMVal-2 models are shown in Fig. 3d, e, f. The
decadal trend across all model ensemble runs for the
first part of the 21st century, 2005—2050 (not shown)
is more statistically significant, than that shown in

Fig. 3d, e, ffor 2005—2100, but still of reduced magni-
tude when compared with the depletion time period
of 1979—2005. Note appearance of the reverse (west-
ward) future trends, mainly in summer (Fig. 3, right).

3 Discussion and conclusions

The seasonal trends in the zonal asymmetry of total
ozone column over the Antarctic region have been
analyzed. The trends were evaluated using the second
Chemistry Climate Model Validation (CCM Val-2)
assessment and were compared with observed trends
from the Total Ozone Mapping Spectrometer data. The
model evaluations for historical period show general
consistency with observations except for underesti-
mated eastward shift in A . and A__ in winter and in
A, in spring (Fig. 2a and Table). This means that the
ability to represent zonal asymmetry change in the
model can be improved. For this, more detailed anal-
ysis of the causes that lead to the different trends ob-
served in individual seasons (Table) can be helpful.
The projected eastward phase shift is greatly re-
duced during the 21st century for all seasons in a dec-
adal trend calculated until 2100. The austral summer
months even show a reversed (westward) zonal trend,
which is the largest at lower latitudes 50—65° S. This
reduction in phase shift is attributed to future ozone
recovery. When considering the effect of natural forc-
ing (SCN-B2d model runs), the EMAC-FUB model
results (not shown) indicate a dominant westward
phase shift in zonal maximum and minimum for the
winter and summer months across all the considered
latitudes, whilst remaining weakly eastward during
the spring months. As ozone recovery can be affected
by future increase in the GHG concentrations (Ey-
ring et al., 2010; Siddaway et al., 2013) this coupling
should be reflected in the changes of zonal asymme-
try in Antarctic ozone. The CCM Val-2 models in this
work include contribution from the GHG emissions
and ozone depletion/recovery, therefore, the pre-
sented results agree with conclusion that the general
eastward/westward phase shifts may be mainly at-
tributed to these two processes (Grytsai et al., 2017).
GHG changes drive a basic long-term eastward shift,
which is enhanced in SON and DJF by ozone deple-
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tion, but may be decelerated or reversed by future
ozone recovery. We propose to assume that the trends
in the TOC asymmetry are forced by a general
strengthening of the stratospheric zonal flow, which
is interacting with the asymmetry of the Antarctic
continent to displace the QSW wave-1 pattern and
thus influence the TOC pattern.

The results of this work may be useful in prediction
of (i) seasonal anomalies in ozone hole (Kravchenko
et al., 2012; Milinevsky et al., 2020) and long-term
change in (ii) local TOC trends (Hassler et al., 2011),
(iii) ultra-violet radiation influence on the Southern
Ocean biological productivity (Deppeler & David-
son, 2017) and (iv) regional surface climate affected
by the ozone hole (Thompson et al., 2011) given the
ozone hole zonal asymmetry.
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Oujinka TpeHIy 30HAJbHOT aCHMeTpii B PO3MOLIi 3arajJbHOT0 BMICTY 030HY
HaJ AHTapKTHKOI0 32 10noMoror suMipioBaib TOMS ta moaeneii CCM Val-2

AHoTamig. Y cTarTi IOCTiIKEeHO Ce30HHI TeHIEHIIl 30HaTbHOI acMMeTpil B po3Mmofisi 3araibHOTO BMicTy 030HY (3BO) B
KBazicTalliOHApHI XBWJII Ha MiBAEHHUX TMOJSPHUX IIMPOTaX. MU OLIHWIAM i TOPIBHSUIM CE30HHI TEeHAEHIIl B 3MiHaX
KBasicTalioHapHoi xBuji y 3BO, BuUKopucToBytoun naHi cyrmyTHuKoBoro criekrpomerpa TOMS (Total Ozone Mapping Spec-
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trometer) st Kaprorpadysanss 3BO ta apyry Bepcito Bamiganii ximiko-kiiMaTuanoi mozaesni (CCMVal-2). MonenbHi 3cyBu
a3y o JOBroTi BaCUMETPIl IIPOCTOPOBOTO PO3IIO/iYy 030HY 3arajloM Y3roIXyIOThCs i3 3cyBaMu a3y 1o JOBIOTi Ha CXil, 1110
crioctepiranucs B ictopuuHoMy nepioni 1979—2005 pp. [IpoTe B oKpeMux ce3oHax iCHYIOTh 3aHMXKEHi 3HAYEHHSI TaKMX
IOBIOTHMX 3CyBiB. [1pencrapaeHo MaiiOyTHI TeHAEHLi B 30HAJIbHiN acuMeTpii Bix onuHanusatyu moaeneit CCMVal-2 no 2100
poKy. BoHU 1eMOHCTPYIOTh MOSIBY 3BOPOTHHUX (3aXiiHMX) MailOyTHiX (ha30BUX JOBrOTHUX 3CYBiB, TOJIOBHUM YMHOM BIIITKY Y
[liBnenHiit miBkyni. OTpuMaHi pe3yabTaTH Y3rOMKYIOThCS 3 TIOTIEPeIHIMU JOCTIMKEHHSIMM i TIKPECTIOTh, 10 3araTbHUIA
IOBIFOTHUI 3CyB ha3u Ha cXiji/3axim oOyMOBJIEHMI SIK 3MiHAMM IMApPHUKOBUX Ta3iB, TaK i BUCHAXXEHHSIM/BiTHOBICHHIM
030HOBOTO I11apy. 3MiHa MAPHUKOBUX Ta3iB 3yMOBJIIOE OCHOBHUI JOBrOCTPOKOBUIA 3CYB Ha CXill, SIKMil MTOCUITIOEThCS (CMO-
BiJIHIOETHCS 00 3MiHIOETHCS) B IEPiOJI MiBASHHOT BECHU Ta BIIITKY 3a paXyHOK BUCHaXKEHHSI 030HOBOTO 11apy (BiIHOBJICHHSI).
Tennenuii B acumertpii 3BO 3yMOBJieHi 3arajilbHUM TOCUJIEHHSM CTPaTOC(HEPHOrO 30HAJIBHOTO MOTOKY, SIKWU 3aBISIKU
iCHYBaHHIO ACUMETPil aAHTAPKTUYHOTO KOHTUHEHTY BUTICHSIE KBa3iCTalliOHAPHY XBWIIO- | i BILTMBA€E HA MPOCTOPOBUI PO3MOIiT
3BO. Pesynasratit po6otu OyayTh KOPUCHUMU 1T TIPOTHO3YBAaHHST CE30HHUX aHOMaJTiii 030HOBOI [Iipy Ta TOBIOCTPOKOBUX
3MiH MicleBUX TeHAeHil 3MiHu 3BO, BIMBY yabTpadioieTOBOro BUIIPOMiHIOBAHHS Ha 0ioJOTiYHY MpOayKTUBHICTb [1iB-
JICHHOTO OKeaHy Ta Ha perioHaJIbHU KJIiMaT, Ha SIKUii BIUIMBA€E 30HAJIbHO-aCUMETPUYHA 030HOBA Jipa.

KiouoBi ciioBa: AHtapkTuka, acumerpiss, CCMVal-2, 3miHa kj1imMary, 030H, cTpatocdepa

58 ISSN 1727-7485. Ukrainian Antarctic Journal, 2, 2020, https://doi.org/10.33275/1727-7485.2.2020.652




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /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 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 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /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 (None)
  /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 <>
    /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.)
    /RUS <>
  >>
  /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


