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Technical Report on the Workshop on Integrating Predictive Models into 
the CRM Process

INTRODUCTION

Since 2001, several studies were funded via the Department of Defense’s (DoD’s) Legacy Resource Man-
agement Program that investigated the integration of modeling into DoD cultural resource management 
(CRM) compliance. The Advisory Council on Historic Preservation and the National Conference of State 
Historic Preservation Offi cers have been consulted regarding this integration. To date, these studies have 
demonstrated that predictive models can provide a strong scientifi c foundation for decision-making about 
archaeological resources. These studies have also demonstrated that for predictive models to be suffi ciently 
strong to be used in compliance, they must address issues of data quality and statistical modeling and fully 
utilize the capabilities of geographic information systems (GIS) technology. The models used in these 
studies on DoD lands have consistently shown weaknesses that could be easily overcome with a better un-
derstanding of how past use of landscapes could be conceptualized in GIS. The key to improving models, 
which was identifi ed as part of an earlier Legacy project (#01-167) in 2001, is training. The purpose of the 
current project was to rectify this defi ciency by developing and delivering a pilot workshop dedicated to 
improving technical aspects of predictive modeling and identifying key processes for integrating model-
ing in CRM compliance.  The workshop was delivered on August 10, 2009, at the 2009 Sustaining Military 
Readiness Conference in Phoenix, Arizona. This report describes how this training was developed, the re-
sults of delivering the workshop, and recommendations for future delivery of this workshop to DoD CRM 
and National Environmental Policy Act (NEPA) staff in the future. 

BACKGROUND 

Three DoD Legacy projects on predictive modeling, in addition to an ongoing Environmental Security 
Technology Certifi cation Program (ESTCP) project (# 200720), served as the foundation for the pilot work-
shop. The Legacy projects included #01-167, which evaluated the strengths and weaknesses of predictive 
models used at four DoD installations, and Legacy project (#03-167), which involved a working confer-
ence of DoD managers, State Historic Preservation Offi ce (SHPO) representatives, tribal representatives, 
and modeling experts. The working conference reviewed the results of Legacy project #01-167 and made 
recommendations on how to best utilize modeling in installation compliance programs. The third Legacy 
project (#06-167) crafted an outline of a Section 106 (of the National Historic Preservation Act [NHPA]) 
programmatic agreement for integrating locational predictive models with installation CRM compliance 
and planning. This project also created the structure of a model that programmatically evaluates the signifi -
cance of archaeological sites, rather than using a site-by-site, case-by-case approach to evaluation. The on-
going ESTCP project builds on these three Legacy projects and will result in the development of program-
matic agreements for four demonstration installations, fully integrating predictive modeling with installa-
tion CRM compliance programs. An additional product of the ESTCP project is Web-based guidance on the 
development and use of predictive models and their integration into an installation’s historic preservation 
compliance program. 

These Legacy projects and the ESTCP demonstration project showed that:

Predictive modeling can be used for NHPA and NEPA decision-making.  • 
Most large DoD installations do not use predictive models as a tool for NHPA or NEPA compliance. • 
Few DoD CRM managers have a clear understanding of how these models are built and updated or • 
how they can be integrated into the environmental review and compliance process; and few DoD 
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GIS specialists understand archaeological data well enough to design spatial databases that can pro-
vide information to develop strong predictive models, which can then be used as a compliance tool. 

Given these fi ndings and observations, there is clearly a need for training on the development, refi nement, 
and validation of predictive models, so they can be effective environmental and historic preservation com-
pliance tools. Many installations have predictive models that could be improved and then used for compli-
ance activities, if only installation personnel had a greater understanding of the modeling process and GIS 
techniques and the role of modeling in compliance. The current pilot workshop on integrating predictive 
models into the CRM process fi lls this need. 

PILOT WORKSHOP

As a fi rst step, the SRI Foundation (SRIF) and Statistical Research, Inc. (SRI), developed a participants’ 
workbook, containing a course outline and four training units: (1) building predictive models, (2) validat-
ing predictive models, (3) refi ning and updating predictive models, and (4) using models as an environ-
mental and CRM compliance tool. Next, SRI and SRIF delivered the workshop at the Sustaining Military 
Readiness Conference, held in Phoenix, Arizona, on August 10, 2009.  During the workshop, participants 
received practical experience on how to develop predictive models and were provided problem-solving ap-
plications using both real-world DoD examples and hypothetical scenarios. The fi rst part of the workshop 
involved a hands-on session, using laptop computers and GIS programs, on how to build archaeological 
predictive models, validate models, and update models with new information. The second workshop com-
ponent focused on incorporating predictive models into the Section 106 and NEPA compliance process. 
The workshop was partly underwritten by a donation of ArcGIS and Spatial Analyst GIS software licenses 
from ESRI. 

Specifi c topics addressed during the fi rst part of the workshop included:

Defi ning the Universe—How much area should be covered by the model? Should the installation • 
be modeled as a single unit or should it be divided by physiographic features? Military activities? 
Proposed impacts?
Creating Independent Variables—What is a proxy variable? What are the pros and cons of selectively • 
defi ning environmental variables that may relate to human behavior as opposed to using every environ-
mental variable possible? What environmental GIS layers exist and where do you fi nd them?
Creating Dependent Variables—What are we modeling? The difference between GIS shape fi les • 
and raster cells and archaeological sites. Can we model all sites at once or do we split them by time 
and culture? Can we model historical period sites? What about buried sites?
Modeling Techniques—What is the difference between a Boolean, weighted, and a logistic regres-• 
sion model? What is agent-based modeling and when is it appropriate? 
Validating the Model—What is a jackknife? How do we measure the power of a model and how • 
much confi dence we should have in it? Is statistical verifi cation enough? How important are inde-
pendent data?
Updating and Refi ning Models—Are we interested in a model or in modeling? How to incorporate • 
new data into a model? Should you refi ne the model incrementally (i.e., as each new survey is en-
tered into the database) or periodically (e.g., every year)?

The second part of the workshop examined the use of predictive models as a tool for Section 106 compli-
ance, focusing on the following issues:

Anticipating the kinds of properties likely to be encountered in an Area of Potential Effect, so that • 
effi cient property identifi cation, evaluation, and management strategies can be developed as re-
quired under Section 106 of the NHPA. 
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Anticipating the costs of archaeological survey needed to satisfy the identifi cation requirement un-• 
der NHPA.
Facilitating the use of phased identifi cation of archaeological sites as a means to streamline Section • 
106 decision-making.
Designing an archaeological sample survey in order to collect suffi cient information to identify his-• 
toric properties and to assess effects as required under Section 106.
Evaluating the integrity and National Register eligibility of archaeological sites.• 
Redesigning undertakings to avoid/minimize adverse effects on signifi cant resources, thus preserv-• 
ing sites and reducing costs.
Assisting with tribal consultation by providing information early in the Section 106 process on po-• 
tentially sensitive areas or resources that may be of special concern.
Facilitating the development of Programmatic Agreements to streamline DoD installation-wide • 
compliance with Section 106.

 In the context of NEPA compliance, this second part of the workshop also looked at:

Linking environmental planning with Section 106 compliance by integrating potential archaeo-• 
logical site locations with information on the spatial distribution of natural resources, known and 
modeled. 
Streamlining consideration of archaeological sites under categorically excluded undertakings.• 
Facilitating the scoping of potential impacts/issues for a proposed action under NEPA and inform-• 
ing the public and other stakeholders about the potential for impacts. 
Selecting alternatives for detailed study in compliance with the NEPA regulations. • 
Characterizing the affected environment for EAs and EISs under NEPA without having to physi-• 
cally inventory every alternative.

One instructor taught the fi rst part of the workshop, and another instructor taught the second part.

At the end of the pilot workshop, participants were asked to complete a workshop evaluation form. The 
comments and ratings provided by these forms, in addition to the instructors’ observations made during the 
delivery of the workshop, were subsequently used to revise the workshop materials. 

WORKSHOP RESULTS AND RECOMMENDATIONS

At the outset, it had been decided that the maximum number of workshop participants would be 24. 
Therefore, SRI rented 24 laptop computers, in addition to 2 spare laptops. A total of 24 individuals offi cially 
registered for the workshop. However, there were an additional 24 “walk-ins” to the workshop, and 12 of 
these individuals stayed and participated in the entire workshop, whereas the other 12 came and went. SRI 
and SRIF were not able to control who participated in the workshop, given the overall logistics established 
by the Sustaining Military Readiness Conference organizers.  

The following is a breakdown of the workshop participants by service: US Army, 18; US Air Force, 17; US 
Navy, 5; US Marine Corps, 3; US Army National Guard, 3; and Others (unidentifi ed), 2. Twenty-two par-
ticipants fi lled out evaluation forms following the workshop. Many of these participants noted that this type 
of workshop had great value. 

Based on the comments received, and the instructor’s evaluations, the following four issues were identifi ed 
and need to be addressed before this workshop is delivered in the future:

There needs to be a limit on the number of participants, and the workshop should be open to only o 
individuals with specifi c skills and work experience 
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More than one instructor is needed to deliver the fi rst part of the workshop. A minimum of two in-o 
structors is required, or an instructor and an assistant.
The workshop should be expanded to 2 full dayso 
More real-world examples are needed to illustrate how modeling can be used to streamline the reg-o 
ulatory compliance process 

As noted above, SRI and SRIF had little control over the number and type of participants who could attend 
the workshop during the conference. As a result, the computer and GIS software skill levels of the partici-
pants varied tremendously. This slowed down the pace of the hands-on computer-based training and re-
sulted in teaching individuals with no practical experience with GIS. For future workshops, the number of 
participants should be limited to 20–24 individuals. The fi rst part of the workshop should focus on GIS tech-
nical specialists, with their DoD CRM and NEPA counterparts sitting next to the specialist as they work. In 
this way, the CRM and NEPA staff will have at least a basic understanding of the requirements for model 
development, validation, and refi nement. The second part of the workshop should focus on DoD CRM and 
NEPA staff, with the GIS specialists also participating so they can understand the context for their GIS-
based modeling efforts. 

In terms of instructors, it is recommended that the instructor for the fi rst part of the workshop have the assis-
tance of second instructor or a GIS analyst/technician who can work with the participants at their computers 
while the primary instructor provides the overall lessons. 

As noted above, the 1-day format for the workshop was inadequate for presenting the necessary lesson con-
tent. In revising the workshop, SRI and SRIF have redesigned the structure and the content of the workshop 
to fi t a 2-day format. Several participants noted in their evaluations that the data preparation exercises in part 
one of the workshop consumed too much time. Accordingly, SRI and SRIF revised these lessons to decrease 
the time spent on data preparation and now include more fi nished GIS data layers. This revision will make 
it possible to avoid much or all of the data preparation and proceed directly to model building. Finally, to 
address the comments on the lessons dealing with how to use predictive modeling to streamline the regula-
tory compliance process, SRI and SRIF revised the workshop to include more “real-world” examples from 
DoD and other federal agencies.  

Given the positive response from the pilot workshop participants, SRI and SRIF recommend that the revised 
workshop should be made available to DoD installation CRM and NEPA staff, and the consultants and other 
organizations that work with these staff in the context of both NEPA and Section 106 compliance programs. 
Locations for delivering the revised workshop might include national Air Force and Army CRM meet-
ings, professional meetings such as the Society for American Archaeology and the Society for Historical 
Archaeology, and other military conferences that attract signifi cant numbers of DoD CRM professionals. If 
the workshop is delivered at these types of national meetings, the workshop instructors must have the abil-
ity to restrict the number and type of participants.

It also may be useful to deliver the workshop at regional DoD meetings that bring together personnel from 
installations with similar environments and cultural settings. For example, the workshop can be tailored for 
desert-based installations in California, Arizona, and Nevada. The workshop can also be tailored for a spe-
cifi c, large installation with complex military missions and extensive cultural resources, such as Fort Bliss 
in Texas and New Mexico. 



<<
  /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 false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.33333
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /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 [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


