
GOES Infrared Sounders – the current applications and future needs 
 

Jun Li@, Timothy J. Schmit#, Jaime Daniels#, Jinlong Li@, Zhenglong Li@,  
W. Paul Menzel#, and James J. Gurka+

 
@ Cooperative Institute for Meteorological Satellite Studies 

University of Wisconsin-Madison 
1225 West Dayton Street 

Madison, WI 53706 
 

# Center for Satellite Applications and Research 
NOAA/NESDIS 

1225 West Dayton Street 
Madison, WI 53706 

 
+Office of System Development 

NOAA/NESDIS 
Silver Spring, MD 20910 

 
 
Abstract 
  
 Since 1994 Geostationary Operational Environmental Satellite (GOES) Sounders 
(from GOES-8 to GOES-13) has been measuring broad band radiances in 18 infrared 
(IR) spectral bands, ranging from approximately 3.7µm – 14.7 µm.  These data have 
been used to provide atmospheric and cloud products for meteorological applications 
on an hourly basis over North America and adjacent oceanic regions.  The products 
include clear-sky radiances, atmospheric temperature and moisture profiles, total 
precipitable water, cloud-top pressure, water-vapor tracked winds, etc.  Products are 
generated operationally by NOAA/NESDIS in Washington, D.C.  Some Sounder 
products, including total column ozone (TCO), are also produced at the Cooperative 
Institute for Meteorological Satellite Studies (CIMSS) at the University of 
Wisconsin-Madison (UW-Madison). Applications of those products include: 
nowcasting and forecasting of weather events, assimilation of cloud products into 
regional numerical forecast models, and monitoring of temperature and moisture 
changes in the pre-convective periods. One unique application of the current GOES 
Sounder products is the severe weather forecast, hourly GOES Sounder data of a hail 
storm happened in Madison, Wisconsin on 13 – 14 April 2006, were used to illustrate 
the unique value of the GOES Sounder measurements in short range severe weather 
forecast.    
 
 However, due to the lower spectral resolution and slow coverage rate of the 
current GOES Sounder, the information such as lower level temperature inversion, 
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surface emissivity, and vertical resolution, etc. is limited.  There is requirement for 
the operational advanced IR sounding system on future geostationary satellite.  The 
increased spectral, temporal and spatial resolutions of the hyperspectral geostationary 
sounder (GHS) will provide a substantial increase in the quantity and quality of the 
products.  The GHS will provide high-spectral resolution Hemispheric Disk 
Soundings (DS) with spatial resolution better than 10 km spatial resolution.  The GHS 
will be a flexible instrument that can provide hourly coverage of the near full disk, or 
provide more frequent coverage of smaller areas.  The latter will be used when there 
is the potential for explosive development of severe thunderstorms, hurricanes, or 
severe winter storms. It can also be used over areas where the numerical forecast 
models have low confidence (targeted observations).  IR data from the GHS will be 
used for:  1) providing an accurate, hourly three-dimensional picture of atmospheric 
temperature and water vapor: 2) tracking atmospheric motions by discriminating more 
levels of motion and assigning heights more accurately; 3) possibly distinguishing 
between ice and water cloud and identifying cloud microphysical properties; 4) 
providing a 5 km field of view (FOV) for better viewing between clouds and cloud 
edges; 5) providing accurate land and sea surface temperatures and IR surface 
emissivities;  6) distinguishing atmospheric constituents with improved certainty, 
including dust, volcanic ash and ozone;  and 7) detecting clear-sky low-level 
atmospheric inversions. The GHS will be able to provide higher spectral resolution 
observations (on the order of 1 cm-1, compared to 20 cm-1 on today’s broadband GOES 
sounder).   
 
 Aspects of improvement of GHS over the current GOES Sounder includes: spatial 
coverage, vertical moisture information, nowcasting, numerical weather prediction, 
clouds, winds, dust/aerosols, trace gases, climate, ocean/land. With the improved 
spectral resolution, an improved surface emissivity can also be estimated. Current and 
future applications of GOES Sounder and GHS are demonstrated and compared in this 
paper by using the current satellite and aircraft measurements as well as simulated 
data. 
 
1.  Current GOES Sounder operational products and applications 
 
 There is variety of GOES Sounder products produced operationally; those 
products are used in the numerical forecasting and nowcasting.  Table 1 lists the 
operational GOES Sounder products and their applications.  For example, one of the 
primary applications of GOES IR sounding product is to determine the atmospheric 
vertical structure such as Lifted Index (LI) or CAPE (Convective Available Potential 
Energy) inversions in the region of pre–convective events.   
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Table 1.  Operational GOES Sounder products and their applications. 
GOES Sounder Product Operational  Use within the NWS 

Clear-sky Radiances Assimilation into NCEP operational regional & 
global NWP models over water 

Layer & Total Precipitable
Water 

 Assimilation into NCEP operational regional & 
global NWP models; display and animation 
within NWS AWIPS for use by forecasters at 
NWS WFOs & National Centers in forecasting 
precipitation and severe weather 

Cloud-top retrievals (pressure,
temperature, cloud amount) 

 Assimilation into NCEP operational regional 
NWP models; display and animation within
NWS AWIPS for use by forecasters at NWS 
WFOs; supplement to NWS/ASOS cloud 
measurements for generation of total cloud cover 
product at NWS/ASOS sites 

Surface skin temperature Image display and animation within NWS 
AWIPS for use by forecasters at NWS WFOs 

Profiles of temp & moisture Display (SKEW-Ts) within NWS AWIPS for 
use by forecasters at NWS WFOs in forecasting 
precipitation and severe weather 

Atmospheric stability indices Image display and animation within NWS 
AWIPS for use by forecasters at NWS WFOs in 
forecasting precipitation and severe weather 

Water Vapor Winds Image display and animation within NWS 
AWIPS for use by forecasters at NWS WFOs 

 
 A hail storm case is studied to demonstrate the utilization of GOES Sounder data 
in severe storm forecasting and now casting. The hail storm of April 13 – 14, 2006 
caused damage to many houses in Madison area in Wisconsin.  The storm produced 
large hails.  The GOES Sounder 11 µm image at 22 UTC on 13 April shows that a 
super cell is likely to be developed.  The multispectral band classification (Li et al. 
2003) shows that there are typical four classes (4, 5, 6, 10) of clear air mass 
surrounding the super cell (see Figure 1), two hours later (00 UTC on 14 April) the 
class 10 moves toward east while class 6 move towards north.  The clear sky 
atmosphere is very unstable from 22 UTC to 00 UTC, and the super cell starts to 
develop.  From 00 UTC on 13 April to 02 UTC on 14 April, the air mass continue to 
move (classes 6 and 10), and the super cell develops fast and becomes convective 
system.  The soundings observed by GOES Sounder before and during the convective 
storm are very useful for short range storm forecasts. 
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Figure 1.  Clear air mass classes from clustering (upper panels) and 11 µm brightness temperature 
images at 22 UTC on 13 April, 00 UTC and 02 UTC on 14 April 2006.   
 
 In addition to the operational products, there are lots of research products being 
developed.  For example, total column ozone (TCO) product is now produced hourly 
in near real time at the Cooperative Institute for Meteorological Satellite Studies 
(CIMSS), University of Wisconsin (Li et al. 2007).  Figure 2 shows a case study of 
OMI ozone (upper right), GOES-12 Sounder TCO (lower right), and the scatterplot 
between OMI ozone measurements and GOES-12 SFOV TCO retrievals on 12 
February 2006.  Good agreement was found in both the distributions and the 
magnitudes between OMI ozone measurements and GOES-12 Sounder TCO retrievals, 
revealing the good quality of the GOES Sounder new SFOV TCO product. 
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Figure 2.  OMI ozone (upper right), GOES-12 Sounder TCO (lower right) at 19 UTC on 12 February 
2006 and scatterplot between OMI ozone measurements and GOES-12 Sounder TCO retrievals (left). 
 

2. ABI continuation of current GOES Sounder products 
 
 Since the Advanced Baseline Imager (ABI) will fly before GHS, it is very 
important to study the continuation of the current GOES Sounder operational products.  
The needed ‘continuity’ products (radiances, TPW, LI, skin temperature, clouds, winds) 
from today's sounder can be provided by the ABI, although, the ABI is still not a 
sounder!  It is demonstrated that when average ABI to 10 km field-of-regard (FOR), 
the moisture sounding performance is close to the current GOES single field-of-view 
(FOV, 10 km) moisture sounding performance.  However, the temperature soundings 
from ABI are much worse than that from the current GOES Sounder due to limited 
CO2 absorption bands in ABI.   
 
 The alternative of sounding product using combined ABI and forecast is also 
investigated.  The retrieval simulation is performed with radiosonde observations 
(RAOBs) over the Continental United States (CONUS) with lifted index less than zero.  
The TPW retrieval simulation from approximately 300 unstable atmospheric profiles 
shows that  
(1) ABI (within 10 km FOR) alone is slightly worse than the forecast, while the current 
GOES Sounder alone is better than the forecast.  HES (Hyperspectral Environmental 
Suite) alone is much better than both forecast and the current GOES Sounder alone.  
See Figure 3a for details.   
(2) ABI + forecast is similar to GOES Sounder + forecast, both are better than forecast.  
HES + forecast is much better than either ABI + forecast, or GOES Sounder + forecast. 
See Figure 3b for details. 
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Figure 3a.  Scatterplot between true TPW and retrieved TWP with ABI, GOES-12 Sounder and HES. 
 
  

 
Figure 3b.  Scatterplot between true TPW and retrieved TWP with ABI  + forecast, GOES-12 Sounder 
+ forecast and HES + forecast. 
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3. Future needs 
 
 Due to the current sounders’ lower spectral resolution, the accuracy for sounding 
products from the current GOES Sounder is limited (~2 K for temperature and 20% for 
water vapor relative humidity).  Since there is sounding requirements (1 K for 
temperature and 10% for water vapor relative humidity) for the future GOES sounding 
system, GHS is needed to obtain high spatial and temporal resolution 3-D atmospheric 
temperature and moisture soundings with high accuracy.  Improved products include 
temperature and moisture soundings, surface skin temperature.  The new products 
include surface emissivity spectra, tropospheric ozone vertical distribution, and trace 
gases.  The hyperspectral sounding capability is also verified by Atmospheric 
InfraRed Sounder (AIRS).  Figure 4 shows the AIRS brightness temperature spectrum 
(upper), AIRS sounding retrieval (light blue line, CIMSS version) and best estimated 
profile (blue, truth) at the ARM Cart Site.  The retrieval starts with a smoothed first 
guess (red), and the vertical structures of temperature and moisture are captured by 
AIRS measurements.  Those vertical structures are very important for short range and 
regional forecast. 
 

 
Figure 4. The AIRS brightness temperature spectrum (upper), AIRS sounding retrieval (light blue line, 
CIMSS version) and best estimated profile (blue, truth) at ARM Cart Site. 
  
 With GHS, the cloud-top property and above-cloud sounding can be retrieved 
simultaneously with a cloudy radiative transfer model. Results are promising when 
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compare the above-cloud sounding retrievals with ECMWF analysis (not shown here).  
Specifically, the cloud-top pressure (CTP) retrievals from AIRS single footprint agree 
very well with the operational MODIS (Moderate Resolution Imaging 
Spectroradiometer) CTP product.  Note that MODIS CTP product uses sounding 
profiles from global forecast, while AIRS above-cloud sounding approach retrieves 
CTP and above-cloud sounding simultaneously.  Figure 5 shows the AIRS CTPs (13.5 
km spatial resolution at nadir) from above-cloud sounding approach (left panel) and 
the operational MODIS CTP product (5 km spatial resolution at nadir) (right panel). 
 

 

AIRS RTV MODIS RTV

  
Figure 5. AIRS CTPs (13.5 km spatial resolution at nadir) from above-cloud sounding approach (left 
panel) and the operational MODIS CTP product (5 km spatial resolution at nadir) (right panel). 
  
4. Summary 
 
 High-spectral-resolution infrared radiance measurements from the geostationary 
perspective remain a high priority in the evolution of the GOES observing capability.  
These advanced sounders will have hundreds of channels with spectral widths less than 
a wavenumber; the current GOES Sounders have 18 bands with spectral widths of tens 
of wavenumbers.  It is expected that they will improve geostationary sounding 
capabilities by expanding the hourly spatial coverage, increasing the vertical 
temperature and moisture sounding resolution, capturing atmospheric motions at many 
more levels, and penetrating the boundary layer to depict small scale temperature and 
moisture changes.  These improved capabilities will significantly impact nowcasting, 
short-range weather forecasting, and longer-range numerical weather prediction.   

 While tradeoffs between area coverage, spatial resolution, and frequency of 
observation continue to be discussed, there is a need for large scale (hemispheric) 
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hourly sounding as well as small scale (1000 x 1000 km) every five minute sounding 
directed to regions where severe thunderstorms, hurricanes, or severe winter storms are 
pending or to areas targeted by numerical forecast models.  

 The next GOES Sounder will have goals that include (1) identifying small scale 
features of moisture vertically and horizontally; (2) detecting clear-sky low-level 
atmospheric inversions; (3) tracking atmospheric motions in more levels with accurate 
height assignments; (4) providing better viewing between clouds and near cloud edges; 
(5) enabling accurate land and sea surface temperature determinations in addition to IR 
surface emissivity estimates; (6) distinguishing atmospheric constituents with 
improved certainty, including dust, volcanic ash, and ozone. 

Acknowledgement   
 
 This work is partially supported by GOES-R trade-off project and GOES 
Improved Measurement and Product Assurance Plan (GIMPAP) at CIMSS.  Thanks 
to Dr. Elisabeth Weisz for the help in this study. 
 
References 
 
Li, J., J. Li, C. C. Schmidt, J. P. Nelson, III, and T. J. Schmit (2007), High temporal 
resolution GOES sounder single field of view ozone improvements, Geophys. Res. 
Lett., 34, L01804, doi:10.1029/2006GL  
 
Li, J., W. P. Menzel, Z. Yang, R. A. Frey, and S. A. Ackerman, 2003: 
High-spatial-resolution surface and cloud-type classification from MODIS 
multi-spectral band measurements, J. Appl. Meteorol., 42, 204 - 226 028172. 
 

International TOVS Study Conference-XV Proceedings

441




	Sec3.pdf
	Global Analysis and Characterization of  
	          AIRS/MODIS Cloud-Clearing 
	ABSTRACT 
	ACKNOWLEDGEMENTS 
	REFERENCES 


	3_2_Romano.pdf
	Introduction 
	Simulated data sets  
	 
	Cloud detection 
	Conclusions and future work 
	Acknowledgements  
	 
	References 


	Sec5.pdf
	5_4_Pla.pdf
	EXECUTIVE SUMMARY 
	Frequency Bands Under Study For The Next WRC-2007 
	AGENDA ITEM 1.2 
	AGENDA ITEM 1.20 
	ADEQUATE METHOD TO SOLVE AGENDA ITEMS 1.2 AND 1.20 
	AGENDA ITEM 1.2 
	AGENDA ITEM 1.20 

	Impact Of Wrong Or Missing Data 
	General Methodology Used For The Computation Of The Limits 

	Performance Criteria For Passive Remote Sensing Of Environmental Data 
	IMPACT OF INTERFERENCE WITHIN SATELLITE PASSIVE BANDS 
	IMPACT OF HIGH LEVEL OF INTERFERENCE 
	IMPACT OF UNDETECTABLE LEVEL OF INTERFERENCE 
	EXAMPLE OF RFI IMPACT AT 1.4 GHZ 
	GENERAL ISSUES CONCERNING THE IMPACT OF INTERFERENCE 


	CONCLUSION 



	Sec7.pdf
	7_5_Vocino.pdf
	1. Motivation 
	  
	2. Data Assimilation System setup 
	3. Observations 
	LIST OF REFERENCES 
	FIGURES 


	Sec8.pdf
	8_01_Kelly_m1.pdf
	  

	8_01_Kelly_m2.pdf
	8_01_Kelly_m3.pdf
	 
	 
	   
	 
	 

	8_01_Kelly_m4.pdf
	   
	  
	  
	  
	  

	8_01_Kelly_m5.pdf
	   
	 
	 
	 
	 
	REFERENCES 

	8_03_Auligne.pdf
	Bias correction of satellite data at ECMWF 
	T. Auligne, A. McNally, D. Dee 
	European Centre for Medium-range Weather Forecast 

	 
	1. Introduction 
	2. Performance of the VarBC 
	2.1 Response to an instrument problem 
	2.2 Response to a systematic NWP model error 

	3. Predictors in the operational parametric form 
	4. A first diagnostic to evaluate predictors 
	5. A second diagnostic to evaluate predictors 
	6. Application of the diagnostics to the selection of predictors 
	7. Conclusions 
	References 


	8_06_Han.pdf
	Abstract 
	Introduction 
	Bias Observed and Bias Correction 
	Impact on Analyses and Forecasts 
	Impact on Tropical Cyclone Forecasts 
	Discussions and Ongoing work 
	Acknowledgements 
	Reference 

	8_07_Randriamampianina.pdf
	Roger Randriamampianina 
	Abstract 
	Introduction 
	The ALADIN/HU models and the assimilation system used in the study 
	Investigation of different predictors in the estimation of the bias correction 
	Investigation of different periods in the computation of the bias correction for LAM data assimilation system 
	Preliminary conclusions 
	Acknowledgements  
	References 


	8_10_LeMarshall.pdf
	1NASA, NOAA and DoD Joint Center for Satellite Data Assimilation (JCSDA), Camp Springs,MD, USA
	Introduction
	Background
	Assimilation of Full Spatial Resolution (All Footprints) AIRS Data
	               Table 2: AIRS Data Usage per Analysis Cycle

	Assimilation of Full and Reduced Spatial Resolution AIRS Data
	Assimilation of Full and Reduced Spectral Coverage


	Sec9.pdf
	Space Programme, World Meteorological Organization 
	Introduce 
	Data dissemination 
	  
	WMO High Profile Training Event (HPTE) 
	 
	Anticipated Outcomes For The HPTE 

	Summary 
	Reference 

	9_4_DuMont.pdf
	 
	 
	Abstract 
	Global NWP requirements
	Products
	Considered expansion


	 - Global monitoring 
	- Geographical expansion  
	References 



	Sec11.pdf
	11_5_Uspensky.pdf
	Figure 2. MPP retrieval accuracy for N2O columnar amount
	Acknowledgments



	PostersA.pdf
	A_27_Dyras_Lapeta.pdf
	ABSTRACT 


	PostersB.pdf
	B_09_de_Souza.pdf
	Introduction 
	Experimental design and verification methodology 
	Results 



	5_4_Pla.pdf
	EXECUTIVE SUMMARY 
	Frequency Bands Under Study For The Next WRC-2007 
	AGENDA ITEM 1.2 
	AGENDA ITEM 1.20 
	ADEQUATE METHOD TO SOLVE AGENDA ITEMS 1.2 AND 1.20 
	AGENDA ITEM 1.2 
	AGENDA ITEM 1.20 

	Impact Of Wrong Or Missing Data 
	General Methodology Used For The Computation Of The Limits 

	Performance Criteria For Passive Remote Sensing Of Environmental Data 
	IMPACT OF INTERFERENCE WITHIN SATELLITE PASSIVE BANDS 
	IMPACT OF HIGH LEVEL OF INTERFERENCE 
	IMPACT OF UNDETECTABLE LEVEL OF INTERFERENCE 
	EXAMPLE OF RFI IMPACT AT 1.4 GHZ 
	GENERAL ISSUES CONCERNING THE IMPACT OF INTERFERENCE 


	CONCLUSION 


	3_1_Zhang.pdf
	 
	 
	Global Analysis and Characterization of  
	          AIRS/MODIS Cloud-Clearing 
	ABSTRACT 
	INTRODUCTION 
	ACKNOWLEDGEMENTS 
	REFERENCES 



	7_5_Vocino.pdf
	ABSTRACT 
	Motivation  
	Data Assimilation System setup 
	Observations 
	FIGURES 

	8_01_Kelly.pdf
	8_01_Kelly_m1.pdf
	  

	8_01_Kelly_m2.pdf
	8_01_Kelly_m3.pdf
	 
	 
	   
	 
	 

	8_01_Kelly_m4.pdf
	   
	  
	  
	  
	  

	8_01_Kelly_m5.pdf
	   
	 
	 
	 
	 
	REFERENCES 


	11_8_B_Huang.pdf
	 
	 
	Linear Form of the Radiative Transfer Equation Revisited 
	 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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




