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System-Wide Water

Demonstration of GSSHA Hydrology
Resources Program at Goodwin Creek Experimental Watershed

By Charles W. Downer

PURPOSE: The purpose of this System-Wide Water Resources (SWWRP) technical note is to
describe the application of the Gridded Surface Subsurface Hydrologic Analysis (GSSHA)
model at the Goodwin Creek Experimental Watershed (GCEW). The purpose of applying the
model at this site was to confirm that the hydrologic portions of the code were working properly
and were able to achieve accurate results. Application of GSSHA at this site also allows the
current model to be compared and contrasted with the performance of previous versions of the
model.

BACKGROUND: GSSHA is a physics-based, distributed-parameter, hydrology and transport
code. As part of SWWRP, the GSSHA model has undergone a series of major improvements
and additions including changes to the stream hydraulics, soil moisture accounting, and sediment
transport portions of the model. While these additions and improvements enhance the model’s
ability to perform additional analysis, it is essential that the new methods and enhanced model be
tested to assure that the model is functioning as desired and that the model can reproduce historic
results at an equal or superior level to previous versions of GSSHA.

The GCEW, a small (21.2-km?) agricultural watershed located in northeast Mississippi, has been
the test bed for many features of the GSSHA model. The watershed is instrumented to measure

rainfall, hydrometeorological variables, soil moisture, and stream water and sediment discharge
(Figure 1).

Legend

A Streamflow gage
with rain gage

<|€]> SCAN Station

[+] Rain gage

Scale (m)

1000 0 5001000 &
e ™ ™

Figure 1. Location of sampling instruments at GCEW (after Downer and Ogden 2003).
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Land use in the catchment consists of active cultivation (14 percent), pasture (44 percent), forest
(27 percent), and, gullied land (15 percent) (Blackmarr 1995). Soil textures in the watershed
consist of silt-loam (80 percent), clay-loam (19 percent), and sand (1 percent). The main channel
of Goodwin Creek is incised 2-3 m and has an average slope of 0.004 (Bingner1996). The
observed discharge measurements show that the base flow at the outlet of the catchment is
typically less than 0.05 m® s”'. Groundwater does not contribute significantly to runoff in the
GCEW; streamflow is generated due to the Hortonian (infiltration excess) mechanism (Senarath
et al. 2000).

MODEL APPLICATION: Topographic data for Goodwin Creek were obtained from a U.S.
Geological Survey 30-m Digital Elevation Model (DEM). These data were spatially aggregated
to 125-m resolution for use in GSSHA, resulting in a finite-difference overland flow grid with
1,357 cells. A stream network was developed using the nonorthogonal channels, as shown in
Figure 1. The nonorthogonal channels allow a more accurate representation of the stream
network, and should result in more representative values for channel roughness, length, and
slope. Infiltration was simulated using the Green and Ampt with Redistribution (GAR) method
(Ogden and Saghafian 1997) and soil moistures were simulated using the new soil moisture
accounting method with two soil layers (Downer 2007).

Hydrologic Parameter Assignment. Hydrologic parameters were assigned based on soil
textural classifications from U.S. Department of Agriculture-National Resource Conservation
Service soil surveys, and satellite imagery and ground survey derived land use/ground cover
from the National Sediment Laboratory (Blackmarr 1995). Not all soil textures occur within all
land uses. Because of this, combining three soil textures, clay-loam, silt-loam, and sand, with
five land use/ground cover classifications, soy/cotton production, pasture, forest, gully, and
water, results in nine soil texture/land use (STLU) combinations used to assign and distribute all
values of soil hydraulic, evapotranspiration (ET), and overland flow parameters. Initial estimates
of soil hydraulic property values, namely: saturated hydraulic conductivity (K), Green and Ampt

wetting front capillary head (Sj), effective porosity (e), residual water content (6,), wilting-point

water content (0Wp ), and pore-size distribution index (/1). Model parameter values with
unknown spatial distributions, such as the depth of the two soil layers, and channel roughness
coefficients, were assumed spatially uniform over the entire catchment. Values of short-wave
albedo, vegetation height, vegetation transmission coefficient, and canopy resistance were
assigned based on land-use classification. Initial values for these and other parameters are
available from a variety of published sources as provided in the GSSHA users manual (Downer
and Ogden 2006).

Hydrologic Parameter Calibration. For the calibration, 18 parameters were adjusted: seven
values of K;, four values of overland roughness, n,,, four values of overland retention depth, d,,
one value of channel roughness, 7n.4,, and the two soil layer depths. The model was calibrated
using the Shuffled Complex Evolution (SCE) automated model calibration algorithm (Duan et al.
1992) to minimize the calibration error cost function. The cost function, a single numerical
value of error, is a weighted sum of several streamflow statistics. The cost function for this
study was the error from the event peaks discharge and discharge volume. Weight on the peaks
was 60 percent; weight on the volumes was 40 percent. All significant events, those producing
peak runoffs greater than 0.5 m® s™' as described by Ogden et al. (2001) were weighted equally.
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The initial calibration strategy was to follow previous studies and calibrate the model to the
outlet discharge for the period of May 22, 1982, to July 2, 1982, and verify the model by
extending the simulation until August 9, 1982. However, during the calibration the model was
able to achieve an almost perfect fit to the observed data resulting in an inability to differentiate
between parameter sets. To allow for a differentiation of model parameters, the calibration
period was extended to include this entire split sample period, with the model being verified to
data collected in 1999.

Hydrologic Calibration and Verification Results. For the nine events during the
calibration period capable of producing significant runoff, the model was able to reproduce the
peak discharge with a Mean Absolute Error (MAE) of 21 percent and the event volume with a
MAE of 27 percent relative to the actual values. When applied to the 1999 verification period,
the model was able to reproduce the peak discharge within 16 percent MAE and the event
discharge volume within 19 percent MAE for the four significant events that occurred during the
summer growing period. These results are comparable with previous versions of the model
(Senarath et al. 2000; Downer and Ogden 2003). Observed and simulated discharge for the
calibration period is shown in Figure 2.
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Figure 2. Observed and simulated discharges for the calibration period at GCEW outlet gage.
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Parameter values. The parameter set determined for this study and the original parameter set
determined by Senarath et al. (2000) are shown in Table 1.

Table 1

Calibrated Hydrologic Parameter Values

Parameter Land Use Soil Type Senarath et al. Current

Soil hydraulic conductivity (cm/hr) gullied silt loam 0.615 1.276
pasture clay loam 0.406 0.169
cotton clay loam 0.122 0.220
forest clay loam 0.341 0.162
forest silt loam 0.080 0.137
cotton silt loam 0.137 1.474
pasture silt loam 0.166 0.163

Overland retention depth (cm) forest all 1.132 0.465
cotton all 0.979 1.412
pasture all 1.018 1.214
gullied land all 1.653 1.683

Overland roughness forest all 0.198 0.180
cotton all 0.258 0.375
pasture all 0.235 0.253
gullied all 0.323 0.435

Soil layer depth (m) all all 0.58 0.627

Top layer depth (m) all all na 0.201

Channel roughness na na 0.027 0.035

Overall, the parameter sets are similar. However, there are a few important changes. The soil
hydraulic conductivities for silt loams for the current model seem to be in better proportion to the
values for clay loams. For the previous model, values of K; for silt loam were generally higher
than those for clay loam, which was a criticism of the previous effort. In addition, the stream
roughness value for the current effort was significantly higher than the previous version, likely a
result of the new channel routing, which more accurately portrays stream lengths and slopes, and
is more representative of actual roughness values in the stream. A comparison of the current
nonorthogonal streams and the previous orthogonal streams are shown in Figure 3.

Water balance. While the parameter values and the observed streamflow values are similar
between the previous and improved model formulations, the water balances are not. Table 2
shows the water balance components for the old and new formulations, together with the results
of the GSSHA model used to simulate GCEW using the Richards equation Downer and Ogden
(2003). The actual total discharge for the period is 1.71x10° m®, for a difference of 0.39 x10° m’
between actual and observed. This amount is equal to the estimated baseflow of 0.39x10° m’,
such that the surface runoff from both the current and Senarath et al. (2000) efforts is equal to the
observed.
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Figure 3. Comparison of orthogonal (squares) and nonorthogonal (lines) streams for GCEW.

As shown in the table, the amount of ET from the bucket approach used in the Senarath et al.
(2000) is significantly higher than the ET from either the current two-layer model, or the
previous Richards equation (RE) model (Downer and Ogden 2003). Also, for the bucket
method, the amount of water needed to be added to the system to satisfy this ET demand and
maintain the water balance in the 0.58-m soil column is 5 M m’, which is an implied demand on
the groundwater system (implied because there is no flux through the bottom of the bucket).
This can occur because soil moisture in the bucket at the end of rainfall events is set based on
values from the GAR infiltration model, regardless of the amount of water that may actually be
available. So while the bucket model previously employed resulted in accurate predictions of
discharge and likely surface soil moisture, it also produced less realistic values of ET, and did
not maintain a soil water balance. In light of this, the two-layer model is a much more desirable
solution because it produces similar discharge results, maintains mass balance in the soil column,
and more closely mimics the ET results from the RE solution, without the addition of significant
simulation time.

Table 2

GSSHA Water Balance 1982 Calibration/Verification Period

Water Balance Component | Current Senarath Richards Equation
Volume (106 m3) Volume (1 0° m3) Volume (106 m3)

Rainfall 9.24 9.24 9.24

Infiltration 7.84 7.83 7.50

Discharge 1.32 1.34 1.62

Evapotranspiration 8.38 13.45 9.19

Groundwater recharge 0.45 -5.07 2.68

Soil moisture. For the 1999 verification period, soil moistures were measured at two sites in
the watershed, marked as the SCAN stations in Figure 1. At each of these sites, soil moistures
were collected on an hourly basis at 5 cm, 10 cm, 20 cm, 51 cm, and 102 cm. GSSHA has the
capability to output soil moisture at each grid cell, so that soil moisture for each of the two layers
can be output for the grid cells where the SCAN stations are located. Downer and Ogden (2003)
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used these same data to demonstrate that the GSSHA model with the Richards equation solution
for infiltration and ET could reproduce the soil moistures observed at these sites. The two-layer
model does not allow division of the soil column into layers that represent the different SCAN
measurement depths. For the calibrated two-layer model with a 21-cm top soil layer depth and
62-cm total soil layer depth, the 5-, 10-, and 20-cm measuring points all fall within layer 1; the
51-cm measuring point falls within layer 2, and the 102-cm measuring point falls outside of the
modeled soil column. Comparisons for the two measuring points and the two soil layers are
shown in Figures 4 and 5 for the pasture and forest sites, respectively. Observed data from the
5-, 10-, and 20-cm depths are shown with the model results from the top layer. For the second
layer, observed data from the 51-cm depth site are graphed along with the model results.
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Figure 4. Comparison of observed soil moistures to model at SCAN station 2024, pasture.
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Figure 5. Comparison of observed soil moistures to model at SCAN station 2025, forest.

As seen in the figures, the two-layer model is capable of representing the soil moisture in the
near surface layer, layer 1, corresponding to gages at the 5- 10-, and 20-cm depths. In general,
the modeled soil moistures fall within the range of measured values at each site. As expected, as
the modeled soil moistures are averaged over a larger depth, the modeled values tend to show
less temporal variability than observed at the shallowest measured depth, 5 cm, and more
temporal variability than observed at the deepest measurement point in the top layer, 20 cm.
Differences in the maximum value of soil moisture can be explained by the fact that the
porosities in the model are for a general soil texture only, and not tuned specifically to the
measurement sites. The general trends in soil moisture are well simulated particularly during
wetting. If the hourly soil moistures for the 5-cm, 10-cm, and 20-cm depths are averaged
together, the Root Mean Square Error (RMSE) for the layer 1 soil moistures is 0.06 at both sites,
which represents an error of only 12 percent of the soil porosity. These statistics compare well
with previous estimates of point soil moisture generated by GSSHA using the Richards equation
to estimate point soil moistures at each of the measurement points (Downer and Ogden 2003).
While the two-layer model cannot simulate the soil profile to such detail, the model is producing
comparable results for the top 20 cm taken as a whole.

As was the case with the previous study where the Richards equation was used to simulate soil
moistures, the model significantly underpredicts the soil moisture at the deeper level. As was
discussed in Downer and Ogden (2003), there is thought to be an impeding layer in the GCEW
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soils that prevents drainage of the soils as predicted. Still, the results are similar to those
predicted by the Richards equation for the same locations, which is good performance for a much
less computationally intensive method. In addition, the deep layer soil moistures are of little
importance to modeling surface hydrology and sediments, as only the top layer soil moisture is
used in infiltration calculations, and the top layer soil moisture is well represented by the model.

SUMMARY: The current version of GSSHA, version BlueMarlin20c, was applied at the
GCEW to test the hydrologic performance of the model. The model was compared to observed
flows and soil moistures as well as to results from previous studies published in peer review
journals. The current version of GSSHA was able to satisfactorily simulate the hydrologic data
at the GCEW. The model was also able to match or exceed the ability of previous versions to
simulate discharge and was able to predict the average soil moisture in the top 20 cm of the soil
column with similar skill as previous models that employed the Richards equation. In addition,
the improvements to the model result in a better representation of the physical processes
occurring at GCEW, as demonstrated by more realistic parameter values, and mass conservation
of water and sediments.

ADDITIONAL INFORMATION: This technical note was prepared by Dr. Charles W. Downer,
research hydraulic engineer, Coastal and Hydraulics Laboratory, U.S. Army Engineer Research
and Development Center. The study was conducted as an activity of the GSSHA hydrologic
work unit of the System-Wide Water Resources Program (SWWRP). For information on
SWWRP, please consult https://swwrp.usace.army.mil/ or contact the Program Manager,
Dr. Steven L. Ashby, Steven.L.Ashby@usace.army.mil. This technical note should be cited as
follows:

Downer, C. W. 2008. Demonstration of GSSHA hydrology at the Goodwin Creek
Experimental Watershed. ERDC TN-SWWRP-08-3, Vicksburg, MS: U.S. Army
Engineer Research and Development Center. https:/swwrp.usace.army.mil/

REFERENCES

Bingner, R. L. 1996. Runoff simulated from Goodwin Creek watershed using SWAT. Transactions of the ASAE, 39:
85-90, 1996.

Blackmarr, W.A. 1995. Documentation of hydrologic, geomorphic, and sediment transport measurements on the
Goodwin Creek Experimental Watershed, northern Mississippi, for the period 1982-1993, preliminary release.
Washington, D.C: Agric. Res. Serv., 141 pp.

Downer, C. W. 2007. Development of a simple soil moisture model in the hydrologic simulator GSSHA. ERDC
TN-SWWRP-07-8. Vicksburg, MS: U.S. Army Engineer Research and Development Center.

Downer, C.W., and F.L. Ogden. 2003. Prediction of runoff and soil moistures at the watershed scale: Effects of
model complexity and parameter assignment, Water Resour. Res. 39(3): 1045-1058.

Downer, C.W., and F.L. Ogden. 2006. Gridded Surface Subsurface Hydrologic Analysis (GSSHA) user’s
manual,version 1.43 for WMS 6.1, ERDC/CHL SR-06-1. Vicksburg, MS: U.S. Army Engineer Research and
Development Center.

Duan, Q., S. Sorooshian, and H.V. Gupta. 1992. Effective and efficient global optimization for conceptual rainfall-
runoff models Wat. Resour. Res. 28: 1015-1031.

Ogden, F.L., and B. Saghafian, 1997, Green and Ampt Infiltration with Redistribution, ASCE J. Irrigation and
Drainage Engineering, 123(5):386-393.



ERDC TN-SWWRP-08-3
March 2008

Ogden, F.L., S.U.S. Senarath, C.W. Downer, and H.O. Sharif. 2001. Reply to comment, on the calibration and

verification of distributed, physically-based, continuous, Hortonian hydrologic models, by Senarath et al.. Water
Resour. Res. 37(12):3397-3401.

Senarath, S.U.S., F.L. Ogden, C.W. Downer, and H.O. Sharif. 2000. On the calibration and verification of
distributed, physically-based, continuous, Hortonian hydrologic models Water Resour. Res. 36(6): 1495-1510.

NOTE: The contents of this technical note are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such products.



	PURPOSE
	BACKGROUND
	MODEL APPLICATION:
	Hydrologic Parameter Assignment.
	Hydrologic Parameter Calibration.
	Hydrologic Calibration and Verification Results.

	SUMMARY
	ADDITIONAL INFORMATION
	REFERENCES


<<
  /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
  /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

  /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 <>
    /RUS <>
    /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.)
  >>
  /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


