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Abstract  The winter counter-wind current (also 
named the South China Sea Warm Current 
(SCSWC)) in the northern South China Sea (SCS) 
has been known well for decades, but its mass and 
momentum origination have not be quantitatively 
evaluated before. In this paper, the high resolution 
three-dimensional ocean circulation model is adopted 
to reproduce the circulation in the northern SCS. The 
diagnostic analyses are performed to investigate the 
momentum budget in the northern SCS continental 
shelf/slope and the momentum propulsion of the 
SCSWC. It is indicated that the across-shelf pressure 
gradient and the across-shelf transport are responsi-
ble for the formation of the SCSWC, while the 
along-shelf pressure gradient is balanced by the 
surface stress, bottom stress, and Coriolis force. The 
magnitude of the terms in the along-shelf momentum 
equation is smaller than that in the across-shelf one. 
The analysis on the momentum budget in the north-
ern SCS will benefit the marine environmental pre-
diction in the future.  

Keywords: northern South China Sea, counter-wind current, ocean 
circulation model, momentum diagnoses, geostrophic adjustment. 

It has been about 40 years since the counter-wind 
current (also named the South China Sea Warm Current 
(SCSWC)) in the northern South China Sea (SCS) was 
discovered[1]. The SCSWC appears in the inner-shelf 
off eastern Guandong and the open sea off western 
Guangdong. It flows counter the northeastly wind from 
the surface to the deep layer in winter, except for the 
period in which the current in its surface layer is re-
placed by the southwestward Ekman drift sometimes 

when the winter monsoon prevails[2]. The SCSWC has 
been drawn attention to for decades because it has a 
counter-wind feature in winter and it plays an important 
role in the water exchange between the SCS and the 
East China Sea[3]. The data analyses of the 10-year 
(1975－1984) hydrographic observations showed that 
the SCSWC, coastal current and the slope current (also 
named the SCS branch of the Kuroshio (SCSBK)) were 
the major current system in the northern SCS[4]. Based 
on the historical observations, Guo et al.[5] proposed 
that the southwestward slope current originated from 
the Kuroshio in winter, and the slope current may be a 
branch of the Kuroshio that intruded into the SCS 
through the Luzon Strait. The South China Sea Institute 
of Oceanology carried out the “dynamical experiments 
on the SCSWC” in February-March in 1982 through in 
situ observations and the results indicated that the cir-
culation in the northern SCS deep-sea area is domi-
nated by the baroclinic current, i.e., the geostrophic 
current can be used to represent the circulation in that 
area. The isotherm and the isopycnic (σ t) lines in the 
across-shelf sections all show an upslope tendency, and 
the temperature show a weak declination from the axis 
of the slope current and the SCSWC to the south and 
the north respectively over there[6]. 

In winter, the averaged wind speed in the northern 
SCS is about 7－10 ms−1, the westward surface Ekman 
drift is stronger than in other seasons[7]. Why the 
SCSWC can flow counter the wind? According to the 
data analyses or the numerical experiments, many 
oceanographers proposed various explanations on the 
problem. Zhong[4] proposed that the SCSWC was a 
continuation of the SCSBK over the continental slope, 
where the westward flowing SCSBK turned to the 
northeast owing to the blocking effect of the shelf break. 
Ma[8] indicated that the SCSWC came from the reflec-
tion of the extended Kuroshio and the veered slope 
current at the shelf break, the anticyclonic eddy in the 
northeast SCS was also contributive. Ye[9] suggested 
that the thermodynamic force drove the SCSWC flow-
ing counter the wind. According to the numerical ex-
periments, Chao et al.[10] pointed out that the periodical 
relaxation of the northeasterly winds would strengthen 
the SCSWC intermittently. Besides, the surface eleva-
tion gradient induced by the intruded Kuroshio would 
drive the northeastward current in the northeast SCS, 
while the along-shelf gradient counterbalances the bot-
tom stress[11]. Hsueh and Zhong[12] proposed that the 
imposed pressure head along the continental shelf break  
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generated a flow that resembled the SCSWC. The Ku-
roshio intrusion is responsible for the pressure head, 
and the SCSBK fed the SCSWC through a weak on-
shore flow. Yuan et al.[13] suggested that the conver-
gence of the surface water was necessary for the forma-
tion of the SCSWC at the northeast SCS continental 
slope, and the baroclinic effect led to the co-existence 
of the high surface elevation and the warm water.  

Although the mechanism for the formation of the 
SCSWC has draw much attention and much progress 
has been achieved in the past decades, the three-di-    
mensional momentum term balance of the circulation in 
the area where SCSWC flows have not be investigated, 
and the evidence for the dynamical origination of the 
SCSWC has not be achieved. The purpose of this paper 
is to use the high resolution three-dimensional circula-
tion model to diagnose the circulation in the northern 
SCS continental shelf/slope in winter. Combining with 
the in situ observations, the formation of the SCSWC is 
discussed through the momentum budget.  

1  Model configuration 
The three-dimensional primitive equation model 

POM (Princeton Ocean Model) (Blumberg and Mel-
lor[14]) is applied to investigating the circulation in the 
northern SCS in winter. The horizontal orthogonal cur-
vilinear coordinates are used with the spatial resolution 
about 18 km. The vertical sigma coordinate has 33 lev- 

els. The model domain includes the whole SCS and part 
of the southern East China Sea and the western Pacific 
Ocean (Fig. 1(a)). With the real topography, the 
WOA01 (World Ocean Atlas 2001) data set[15] is used 
to prescribe the initial temperature and salinity field. 
The surface wind forcing is obtained from the NCEP 
(National Centers for Environmental Prediction) 
reanalysis[16] climatological January wind velocity 
(Fig.1(b)). The surface buoyancy forcing is neglected. 
The lateral open boundary is preserved according to the 
real bathymetry. The Simple Ocean Data Assimilation 
(SODA) reanalysis products1) are used to provide the 
boundary information. The simulations involve two 
stages. Firstly, the model runs diagnostically for 60 
days (temperature and salinity are fixed to the initial 
fields), and then continues with prognostic run for an-
other 60 days. After the adjustment, the circulation will 
come to the quasi-equilibrium state. The volume-aver-    
aged mechanical energy indicates (figure not shown) 
that the mechanical energy increases very fast in the 
first 10 days diagnostic run. After the subsequent low- 
frequency adjustment, the diagnostic circulation 
reaches the quasi-equilibrium state. At the beginning of 
the prognostic run, the noise comes from the inconsis-
tency between the initial hydrographic data and the 
bottom topography is removed by advection and diffu-
sion and the dynamical adjustment of the flow to the 
bottom topography and wind[17], so the mechanical en-  

 

 
 
Fig. 1.  (a) Model domain and grid configuration, superimposed with the 200 m and 1000 m isobath. The across-shelf transects are labeled I and II 
from west to east. (b) NCEP climatological January wind field. 

                       
  1) Carton J A, Giese B S. SODA: A reanalysis of ocean climate. submitted to J Geophys Res, 2006 
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ergy decreases very fast and then comes to the low- 
frequency adjustment. According to the assessment, 60 
days prognostic run is enough for the circulation to 
reach the quasi-equilibrium state. 

2  Analyses and discussions 

2.1  Model-data comparisons  

Fig. 2(a) shows the velocity field at 15 m depth in 
the northern SCS after 60 days prognostic run (the solid 
line denotes the position of the SCSWC). The SCSWC 
originates from the eastern side of the Hainan Island 
and flows northeastward in the outer-shelf of Guang-
dong. It is strengthened as it flows across the inner- 
shelf of eastern Guangdong and Fujian, and finally 
flows into the East China Sea through the Taiwan Strait.  

The southwestward Guangdong coastal current flows 
along the onshore side of the SCSWC. The simulated 
results compare favorably with the observed current 
vectors in winter off the southeastern China coast[2] 
(Fig. 2(b)). The southwestward slope current flows 
along the offshore side of the SCSWC, and the intruded 
Kuroshio forms a loop current and then flows out of the 
SCS from the southern side of the Taiwan Island. It is 
discernable that the slope current entrains the Kuroshio 
water as it flows southwestward.  

Two across-shelf transects are selected in the north-
ern SCS continental shelf/slope, which are labeled 
transects I and II respectively (shown in Fig. 1(a)). The 
prognostic along-shelf velocity are shown in Fig. 3((a), 
(b)), where the positive (negative) represents the  

 

 
Fig. 2.  (a) Velocity field at 15 m depth in the northern SCS after 60 days prognostic run. The solid line denotes the position of the SCSWC. (b) Ob-
served current vectors in winter off the southeastern China coast (after Guan[2]). 
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northeastward (southwestward) flow. The spatial dis-
tribution of the velocity at transect I resembles that at 
transect II. The currents flow in the opposite direction 
and in the band-like structure, which include the 
southwestward coastal current, the SCSWC and the 
southwestward slope current. The volume transport of 
the slope current is about 5－11Sv, which is consistent 
with the observations[6]. The geostrophic velocity at the 
meridional sections along 111°E and 113°E in Decem-
ber 1984 are shown in Fig.3(c) and (d))[4] respectively. 
Comparing the simulated results with the observations 
indicates that both the spatial distribution and the mag-
nitude of the currents are well consistent. 

2.2  Momentum diagnoses 

After analyzing the long-period observational data at 
stations along the coast of the southeastern China coast, 
Fang and Zhao[18] proposed that the sea surface slope 
was the main forcing that drove the counter-wind cur-
rent in the northeast SCS, while the contribution of the 
wind stress, barometric pressure and water density were 
much smaller. However, the sea surface slope is slow 
near the western Guangdong coast and shows a south-

westward inclination. Their results did not explain the 
formation of the counter-wind current east of the 
Hainan Island. The modeled surface elevation in the 
northern SCS after 60 days prognostic run is shown in 
Fig. 4. There is a high surface elevation belt imposed 
on the continental shelf break, i.e. the across-shelf sur-
face elevation gradients exist in the northern SCS, and 
the directions of them are opposite in the shelf and the 
slope. Combining with the velocity field, we find that 
the SCSWC and the slope flow side-by-side with the 
high surface elevation belt in the middle of them. In the 
coastal area, there is obvious surface elevation declina-
tion in the along-shelf direction from eastern Guang-
dong to Zhejiang. The surface elevation slope is very 
slow near the coast of western Guangdong, which is 
consistent with the observations. The spatial distribu-
tion of the surface elevation indicates that the formation 
of the SCSWC is correlated with the across-shelf pres-
sure gradient, and there is a dynamical linkage between 
the SCSWC and the southwestward slope current. In 
order to illustrate the momentum term balance in this 
area further, the modeled three-dimensional circulation 
will be diagnosed in the following.  

 

 
 

Fig. 3.  (a) Across-shelf transects of the along-shelf velocity (cm/s) at transect I and II after 60 days prognostic run. The contour interval is 5 cm/s. (b) 
Geostrophic velocity in Dec. 1984 along the 111°E and 113°E meridional sections (after Zhong[4]). 
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For convenience, the horizontal momentum equa-
tions are represented by 

( ) 0,
b ea c d

t m xx y mv V v A v fu P K vσ σ+ ⋅∇ − + + − =   (1) 

( ) 0,
b ea c d

t m xx x mu V u A u fv P K uσ σ+ ⋅ ∇ − − + − =   (2) 
where u represents the along-shelf velocity component, 
which direct to the northeastward, v represents the 
across-shelf velocity component, which direct to the 
onshore side, f is the Coriolis parameter, P is the pres-
sure, Km is the vertical viscosity coefficient, Am is the 
horizontal viscosity coefficient, ( ) /z Hσ η= −  is the 
vertical σ coordinate, H and η represent water depth 
and surface elevation respectively. The terms in the 
momentum equations (1) and (2) include the tendency 
term (a), nonlinear advection and diffusion term (b), 
Coriolis term (c), pressure gradient term(PG) (d) and 
vertical diffusion term (e). All terms are scaled by 

1 310H t− Δ × [19] and get the units in (ms−1) 310× . 
 

 
 

Fig. 4.  Surface elevation (m) in the northern SCS after 60 days prog-
nostic run. The contour interval is 0.05 m. 

 
All terms in the momentum equations are evaluated 

in the sigma levels, and the near-surface depth, mid 
depth and the near-bottom depth are selected to inves-
tigate the momentum terms balance. It is of benefit to 
analyzing the momentum field in the sigma levels be-
cause it has advantage to illustrating the influence of 
the continental slope on the bottom circulation. The 
along-shelf momentum term balance at transects I and 
II are shown in Fig. 5. In the near-surface depth (Fig. 
5(a)), the vertical diffusion term is one of the dominant 
terms owing to the wind stress stirring. The vertical 
diffusion term, together with the Coriolis term and the 
pressure gradient term is the leading terms in the 
along-shelf momentum balance. In the mid-depth, the 

momentum terms balance are controlled by the pressure 
gradient and the Coriolis term in the continental slope 
and the outer-shelf. The effect of the wind forcing is 
largely reduced and mainly confined in the inner-shelf, 
where the vertical diffusion term still is contributive to 
the momentum terms balance. In the near-bottom depth, 
the circulation is greatly influenced by the bottom 
stress and the vertical diffusion term is dominant along 
the continental shelf. The pressure gradient term, Cori-
olis term and the vertical diffusion term are the domi-
nant ones. It is indicated that the flow was largely 
ageostrophic in the along-shelf direction. The pressure 
gradient, Coriolis, surface stress and bottom stress are 
all contributive to the momentum terms balance, while 
the contribution of other terms is small. In the 
mid-depth, the geostrophic feature only appears in the 
continental slope area.  

The across-shelf momentum term balance at tran-
sects I and II is shown in Fig. 6. The spatial distribution 
of the terms in the two transects is similar. The 
geostrophic feature is obvious in all levels, i.e. the 
Coriolis term and the pressure gradient term are domi-
nant in the terms balance, and the magnitudes of other 
terms are small. Besides, the direction of the pressure 
gradient term and the Coriolis term changes twice from 
the coast to the slope. As to the pressure gradient term, 
it is positive in the continental slope, then it changes to 
negative in the outer shelf, and finally it comes back to 
positive in the inner shelf again. Such a spatial structure 
of the pressure gradient corresponds to the southwest-
ward slope current, SCSWC and Guangdong coastal 
current respectively. The basin scale cyclonic circula-
tion is fully developed in winter, in which the water 
mass that originates from the West Pacific Ocean can 
be traced along the northern SCS continental slope[20], 
which enhances the baroclinic feature of the water in 
the continental shelf/slope. The temperature of the wa-
ter near the coast is relatively lower than that in the 
outer-shelf in winter, which leads to the obvious density 
gradient over there. It is noticeable that the terms in the 
across-shelf momentum equation are largely quadruple 
in magnitude than those in the along-shelf one, which 
indicates that the band-like structure in the northern 
continental shelf/slope is mainly influenced by the 
across-shelf momentum budget.   

The momentum terms balance suggests that the 
northeastward SCSWC is in geostrophic balance with 
the onshore pressure gradient, and the high pressure 
head exist in the middle of the SCSWC and the slope  
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Fig. 5.  The spatial distribution for the along-shelf momentum terms ((ms−1)×103) at transects I (left) and II (right). The corresponding cross-shelf iso-
baths are indicated at the bottom for each transect, respectively. 
 
current. The surface stress and the bottom stress are 
balanced by the pressure gradient force and the Coriolis 
force in the along-shelf direction. The high surface ele-
vation belt is highly correlated with the water density 
structure in the northern SCS. Previous observations[4] 
indicate that the slope current has the tendency to 
climbing the continental slope as it flows southwest-
ward and is blocked by the continental shelf. Such 
movement will induce the across-shelf transport. Ow-
ing to the potential vorticity conservation, the deflected 
current will veer in the anticyclonic tendency and 
counter-balance the across-shelf pressure gradient after 
the geostrophic adjustment. The existence of the anti-
cyclonic eddies has been partly proved by in situ ob-
servations[5,6], and their formation is correlated with the 
density structure. 

3  Conclusions 
The three-dimensional ocean circulation model is 

used in this study to simulate the circulation in the 
northern SCS. The model results are well comparable 
with previous observations. The diagnostic analyses on 
the momentum equations indicate that the high pressure 
band exists in the middle of the continental slop and 
SCSWC. The onshore pressure gradient exists in the 
continental shelf while the offshore pressure gradient 
exists in the continental slope. It is the onshore pressure 
gradient that maintains the SCSWC in winter. Surface 
stress and bottom stress are balanced by the pressure 
gradient and Coriolis force. Observations suggest that 
water density and bottom topography are responsible 
for the climbing of the slope current and the formation 
of the anticyclonic eddies in the outer continental shelf. 
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Fig. 6.  The spatial distribution for the across-shelf momentum terms ((ms−1)×103) for transects I (left) and II (right). The corresponding cross-shelf 
isobaths are indicated at the bottom for each transect, respectively. 
 
After the geostrophic adjustment, the veered slope cur-
rent is balanced by the across-shelf pressure gradient 
and then joins the SCSWC flowing northeastward. The 
investigation on the momentum budget in the northern 
SCS continental shelf/slope is contributive to the pro-
gress of the marine environmental prediction in the 
northern SCS in future.  

Acknowledgements  The authors gratefully acknowledge 
helpful discussions with Prof. Gan Jianping in Hong Kong 
University of Science and Technology. This research was sup- 
ported by the Natural Science Foundation of China (Grant Nos. 
40506008 and 40576013), the Knowledge Innovation Program 
of the Chinese Academy of Sciences (Grant No. kzcx3-sw-227). 

References 

1 Guan B X. A review of study on the South China Sea Warm Cur-

rent. Oceanologiaet Limnologia Sinica (in Chinese with English 

abstract), 1998, 29(3): 322－329 

2 Guan B X. Evidence for a counter-wind current in winter off the 

southeast coast of China. Chin J Oceanol Limnol, 1986, 4(4): 319

－332 

3 Hu J Y, Kawamura H, Hong H S, et al. A review on the currents in 

the South China Sea: Seasonal circulation, South China Sea Warm 

Current and Kuroshio intrusion. J Oceanogr, 2000, 56: 607－624 

4 Zhong H L. Density-related current structures. In: Ma Y L eds. 

Report of 10-year Hydrographic Section Surveys of the Northern 

China Sea Continental Shelf Region and Adjacent Waters (in Chi-

nese). Bejing: China Ocean Press, 1990. 215－241 

5 Guo Z X, Yang T H, Qiu D Z. The South China Sea Warm current 

and the Southwestward current on its right side in winter (in Chi-

nese with English abstract). Tropic Oceanology, 1985, 4(1): 1－9 

6 Qiu D Z, Huang Y T, Zeng L M, et al. Ocean circulation in the ob-



 
 

ARTICLES 

16 Chinese Science Bulletin  Vol. 51  Supp. II  December  2006 

served area. In: South China Sea Institute of Oceanology eds. Re-

port of the Multidisciplinary Research Program on the Northern 

South China Sea (II) (in Chinese). Beijing: Science Press, 1985. 

204－231 

7 Liu Z Y, Yang H J and Liu Q Y. Regional dynamics of seasonal 

variability in the South China Sea. J Phys Oceanogr, 2001, 31: 272

－284 

8 Ma H. On the winter circulation of the northern South China Sea 

and its relation to large oceanic current. Chin J Oceanol Limnol, 

1987, 5(1): 9－21 

9 Ye L F. On the mechanism of South China Sea Warm Current and 

Kuroshio Branch in winter – Preliminary results of 3-D baroclinic 

experiments. Terrestrial, Atmosphere and Ocean Sciences, 1994, 

5(4): 597－610 

10 Chao S Y, Shaw P T, Wang J. Wind relaxation as a possible cause 

of the South China Sea Warm Current. J Oceanogr, 1995, 51: 111－

132 

11 Su J L, Wang W. On the sources of the Taiwan Warm Current from 

the South China Sea. Chin J Oceanol Limnol, 1987, 5: 299－308 

12 Hsueh Y, Zhong L J. A pressure-driven South China Sea Warm 

Current. J Geophy Res, 2004, 109, C09014, doi:10.1029/2004JC-     

002374 

13 Yuan S Y, Deng J Z. A primary study of winter and summer upwind 

flow mechanism in the northern part of the South China Sea. 

Tropic Oceanology, 1996, 15(3): 44－51 

14 Blumberg A F, Mellor G L. A description of a three-dimensional 

coastal ocean circulation model. In: Heaps N, eds. Three-        

Dimensional Coastal Ocean Models, Coastal Estuarine Study. 

Washington, D. C.: AGU, 1987(4). 1－16 

15 Boyer T, Levitus S, Garcia H, et al. Objective analyses of annual, 

seasonal, and monthly temperature and salinity for the World 

Ocean on a 1/4° grid. Int J Clim., 2005, 25: 931－945 

16 Kalnay E, Kanamitsu M, Kistler R, et al. The NCEP/NCAR 40- 

year reanalysis project. Bull Am Meteorol Soc, 1996, 77: 437－471 

17 Ezer T, Mellor G L. Diagnostic and prognostic calculations of the 

North Atlantic circulation and sea level using a sigma coordinate 

ocean model. J Geophys Res, 1994, 99: 14159－14171 

18 Fang G, Zhao B. A note on the main forcing of the northeastward 

flowing current off the southeast China coast. Prog Oceanog, 1989, 

21: 363－372 

19 Oke P R, Middleton J H. Topographically induced upwelling off 

eastern Australia. J Phys Oceanogr, 2000, 30: 512－531 

20 Qu T. Upper-layer circulation in the South China Sea. J Phys 

Oceanogr, 2000, 30: 1450－1460 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 2400
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


