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In 
compliance 
with the U.S. 
Fish and Wildlife 
Service’s 
(USFWS) Biological 
Opinion (Bi-Op) 
regarding the U.S. Army 
Corps of Engineer’s 
(Corps) River 
Operations on the 
Missouri River, 
the Omaha and Kansas City Corps Districts are actively 
pursuing restoration and preservation initiatives to offset past losses 
of cottonwood forests due in part to damming and channelizing the 
Missouri River in the early 1950s. Because the study area encompasses an 
enormous geographic range (1,500+ river miles flowing through 7 states), a 
decision was made to divide the system into 13 segments (6 of which were 
designated as priorities by the USFWS) and address the restoration/preservation of 
each segment in an incremental (segment-by-segment) fashion. However, the 
functioning of the system’s cottonwood riparian ecosystems can be affected by the 
current and future conditions at the local, regional and basin-wide scales. As such, 
the emphasis placed on a “systems” approach to the Missouri River Bi-Op’s 
planning process has given rise to the need for methods to characterize habitat 
conditions now and in the future in a portable, adaptive manner with an emphasis 
on landscape-level sensitivity. As part of the cottonwood management planning 
effort, an extensive multidisciplinary ecosystem evaluation team has developed 
(and is currently applying) a community-based cottonwood index model to 
characterize the state of the ecosystem today, and evaluate and compare the 
outputs of proposed preservation and restoration plans in the first of the 6 
segments in the study (Segment 10-a 59-mile stretch of “Wild and Scenic” Missouri 
River flowing from Gavins Point Dam to Ponca State Park in South Dakota and 
Nebraska). 

The Corps’ intention has been to develop an index model that can be used in the future 
to evaluate and compare similar communities in the region, and to evaluate the 
benefits of proposed project management plans. The community model development 
process is anticipated to be iterative - as new information becomes available under the 
traditional Corps planning paradigm the team anticipates revising the model. The 
following areas of research are considered important to improving the veracity of the 
information “feeding” the community index model. Potential research opportunities 
include: 

Research Questions 

Methodology 

Future Research Directions 

Results 

Q1 
What essential ecosystem 
components capture the 
ecological integrity of the 

Missouri River’s cottonwood 
riparian community? 

Q2 
What variables are indicative 

and predictive of Missouri 
River cottonwood restoration 
and preservation success? 

Q3 
Can mathematical algorithms 
be developed to quantify the 

functional integrity of 
cottonwood communities 

system-wide?   

Introduction 

• Channel Migration 
Modeling 

• Succession Modeling 
• Land use Conversion 

Modeling 

• Ecosystem Response to 
Climate Change 

• Ecosystem Services 
Benefits 

• Vegetation Succession 
Modeling 

• Thalweg Modeling 
• Automating a Site 

Selection DSS 
• Google Earth Flyover 

Animations 

The U.S. Army Corps of Engineers and Development Center (ERDC) has developed an environmental 
benefits analysis framework that couples the traditional Corps planning process with ecosystem 
response modeling. Based on a sound conceptual understanding of ecological principles, the 
approach uses ecological risk assessment to characterize ecosystem integrity across spatial and 
temporal scales, organizational hierarchy, and ecosystem types, yet adapts to the project’s specific 
environmental goals and objectives. The process begins with the development of conceptual models 
to derive ecosystem response and produces quantitative assessments of systematic environmental 
benefits using “what if” planning scenarios. 

Conceptual models lead to the choice of an appropriate scale for conducting the 
analysis and to the selection of ecologically meaningful metrics to facilitate 
environmental modeling efforts. Ideally, these models are calibrated using 
reference-based conditions and modified when the application dictates a 
necessary change. Alternatives are formulated and future conditions are then 
forecasted under both the No Action and Action scenarios. The ecological 
responses to these futures are quantified with model outputs and the planning 
process proceeds through plan comparison, selection and construction. Post-
construction monitoring is initiated, and if response thresholds are triggered, 
adaptive management is engaged. 

Hydrology 
Soils 

Spatial 
Integrity 

 

Structure 
 

Disturbance 

Turbidity 

Hydroperiod 
Roughness 

Water Flow Patterns 
Sediment Depths 

Surface and Groundwater 
Depths 

Flooding Duration and 
Frequency 

Water Quality (DO, pH, Salinity) 
Temperature 

Sinuosity 

 

Soil Texture 
Soil Integrity 
Soil Thickness 

Amount of Litter 
Infiltration Capacity 

Land Surface Elevations 
Depth of Horizons 
Erosion Potential 
Decay Classes 

 

Health And Vigor  
Vegetative Layering 

Structural Complexity 
Vegetative Canopy Covers 

Vegetative Composition 
Class Distributions 
Microtopography 
Decay Classes 
Age Classes 

Snags 

 

Evenness 
Abundance 

Species Diversity 
Species Richness 

Invasives vs. Natives 
Presence of Indicators 
Floristic Quality Index 
Index of Biotic Integrity 

Recruitment 
Production 

 

Total Edge 
Edge Density 

Total Core Area 
Number of Core Areas 
Core Area Distributions 

Patch Distribution and 
Isolation 

Diversity & Evenness Indices 
Landscape Shape Index 

Patch Size and Density 
Largest Patch Index 

 

Contagion 
Connectivity 

Proximity Index 
Aggregation Index 

Adjacent Land Use 
  Interspersion and Juxtaposition 

Types of Human Disturbance 
Landscape Division Index 

Similarity Index 
Buffering 

 WATER and SOILS  LANDSCAPE  HABITAT 

Natural Anthropogenic 

 Altered 
Surface 

Flow 

 Reduced 
Groundwater 

Storage 

 Loss of 
Connectivity 

 

 Loss of 
Habitat 

Structural Complexity 

 Increased 
Habitat 

Fragmentation 

 Loss of  
Buffers 

and Corridors 

 Increased 
Invasive Species 
Encroachment 

 Reduced 
Infiltration 

 
Increased  
Erosion 

and Turbidity 

 Loss of 
Biodiversity 

 Increased 
Nutrient 
Loading 

 Loss of 
Spatial 

Complexity 

 Reduced 
Water 
Quality 

 Reduced 
Channel 

Complexity 

 Altered  
Fire, Flood and  

Drought Frequency 

 Reduced 
Aesthetics 

 

Biotic 
Integrity 
 

 Hydrologic  Geomorphic  Human Encroachment  Exotic Invasion  Climatic 

Model Components 

Legend 

Driver 

Stressor 

Effect 

Model  
Attributes 

Significant 
Ecosystem 

• Special thanks to: 
  The Missouri Cottonwood River Management Planning Team, and  
  Jennie Emerson (Bowhead Information Technology Services) 

Kelly A. Burks-Copes1, Lisa A. Rabbe2, Suzanne Boltz3, Kristine Nemec4, Antisa C. Webb1, and Greg Kiker5 
1U.S. Army Engineer Research and Development Center (ERDC), Environmental Laboratory, Vicksburg, MS. 2U.S. Army Corps of Engineers, Alaska District, 

3EA Engineering, Science and Technology, 4U.S. Army Corps of Engineers, Omaha District, 5Agricultural and Biological Engineering Department, University of Florida 

U.S. Fish and Wildlife U.S. Fish and Wildlife U.S. Fish and Wildlife    
Service Priority Segments Service Priority Segments Service Priority Segments 

for Cottonwood Forest for Cottonwood Forest for Cottonwood Forest    
ManagementManagementManagement   



<<

  /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 [5184.000 4032.000]

>> setpagedevice



