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The Sacramento River Flood Control Project Extent 

Map created by author,  



 

- The levee system was originally built by farmers and 

laborers over 100 years ago, using whatever soils and 

materials were available at the time 

- Many encroachments throughout the levee system 

- The system is at risk (evidence of past failures and 

current erosion inspections) History of Flood Control In Northern California 



The Sacramento River Flood Control Project 

Map created by author, Photo credits: Mavensphotoblog, Moulton Weir 1997, Yolo Bypass OneDeltaOneScience. 
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  - Build and repair older and deteriorating levee systems 

 

- Restore parts of the region to natural biodiverse landscapes 

 

- Several projects and initiatives through Federal, State and local 

agency initiatives 

 

Fixing the Problem 

Credit: USACE, Sacramento District 



FCredit: http://planning.usace.army.mil/toolbox/smart.cfm?Section=1&Part=3 

The Feasibility Planning Process 

S: Specific 

M: Measurable 

A: Attainable 

R: Risk Informed 

T: Timely 



National Historic Preservation Act 

 

California Environmental Quality Act 

 

Assembly Bill (AB) 52 

 

Regulations for Cultural Resource Management 



National Register of Historic Places Program: 

State Historic Preservation Officers (SHPO)  

“The National Register of Historic Places is the official list of the Nation's historic places worthy of preservation. 

Authorized by the National Historic Preservation Act of 1966, the National Park Service's National Register of Historic 

Places is part of a national program to coordinate and support public and private efforts to identify, evaluate, and protect 

America's historic and archeological resources.” 

Image: http://www.history.nd.gov/hp/ 



Site CA-COL-247, ~5,970 BP 

 

 

Windmiller Pattern Sites, ~3,800 to 2,700 BP 

 

 

Berkeley Pattern Sites, ~2,800 to 1,000 BP 

 

 

Augustine Pattern Sites, ~1,000 to 600 BP 

 

 

History of People in the Region 



History People in the Region 

Credit: http://library.csus.edu/services/inst/California%20Native%20Americans.html#top 



- GIS is perfect for the spatial nature of Cultural Resources Management 

(CRM) 

- Assists in visual recognition of patterns and distributions of cultural findings 

- Mapping shows the disbursement of findings for a much easier method of data analysis 

(historically, data were stored in charts) 

 

- Cultural Resources Predictive Models 

- A predictive model allows for an early indication of likelihood of site occurrence 

- Graphical nature allows for visual analysis of statistical significance based on physical 

geography 

Cultural Resources Predictive Modeling 



History of CRM Modeling in Sacramento District 

The Common Features  

Archaeological Sensitivity Equations 

and Buried Site Model 

 
Produced 2013 

 

Based on project-defined need and location 

 

Aimed to provide a prediction for finding sites 

around proposed levee project alternatives 

Credit: (Griffin 2013, p22) 



- Focus on a large geographical area 

(approximately 880 square miles, 0.5 mile 

buffer of levee system, bypasses and 

weirs) 

 

- The new model will incorporate some of 

the input variables used in Common 

Features model 

 

- Use grid cells vs. points 

 

- Use elevation dataset 

 

Targeted Model Development  

Credit: Map created by author 



The Model Workflow 

Archaeological Predictive Model Workflow 



Spatial Database Construction 

Independent Variables 

     Historic Vegetation                                    Geologic Units                                 Elevation (LIDAR)  

    

     Historic Waterways 
Credits: Griffin 2013, Lidar map created by 

author 



Multiple regression equation 

L = a + b1x1 + b2x2 + b3x3 + … + bkxk 

L = the dependent archaeological value 

a = a constant 

b1...bk = the regression coefficient 

X1...xk = independent variable value 

 

Logistic regression equation 

 

    

   p = the calculated probability of the presence of a site 

L = calculated value based on the regression equation 

 

Logistic Regression 

Source: (Wheatley and Gillings 2002, p174) 



The Logistic Model 

Credit: Warren and Asch, 2000 p9) 



Mapping the results of the predicted 

probability of occurrences should 

look something like this...except it 

will be for the Sacramento Valley 

and not New Zealand. 

 

 

 

 
This map was created as a result of J.R. Leathwick’s 

Model and was featured in Science & Research 

Internal Report 181, titled Predictive models of 

archaeological site distributions in New Zealand. 

Methodologies used are similar to the proposed 

methodologies for this project. 

 

 

  

 

 

  

  

 

 

 

  

 

 

    

 

  

 

 

  

  

 

 

 

  

 

 

    

 

  

 

 

  

  

 

 

 

  

 

 

    

 

Map Output 

Credit: Leathwick, 2000, p10 



Project Results 

- Show a correlation between historic environmental characteristics and the 

probability of culturally significant findings 

 

- Assist the Cultural Resources Section in the development of a viable model 

for site prediction 

 

- Assist planners under SMART planning guidelines to make better decisions 

earlier on and at a cost savings to the taxpayer 

 

- Probit regression module 

 

    



Project Timeline 

May 2016 
Completion of Project 

Proposal 

Summer  2016 
Compile and Process 

Model Inputs 

Fall 2016  
596b, Complete 

Project 

October 2016 
Project Presentation 

(NSGIC, NWGIS) 



Joe Griffin, Senior Archaeologist - USACE Cultural Resources Section 

Dr. Larry Gorenflo, Dept. of Landscape Architecture, PSU - Advisor 

Dr. Justine Blanford and all Instructors from the MGIS program 

Family and friends 

Acknowledgements 



 
Albright, Jeremy 

2015  What is the Difference Between Logit and Probit Models?, electronic document, http://www.methodsconsultants.com/tutorial/what-is-the-difference-between-logit-and-probit-models/, accessed April 22, 2016. 

 

Aldrich, J.H., and Nelson, F.D. 

1984  Linear Probability, Logit, and Probit Models, Sage, University Papers on Quantitative Applications in the Social     Sciences No. 07–045, Beverly Hills: Sage. 

 

Altschul, Jeffrey H., Lynn Sebastian, and Kurt Heidelberg. 

2004  Predictive Modeling in the Military: Similar Goals, Divergent Paths. Headquarters Air Force Material Command, Wright-Patterson AFB, Ohio. 

 

Bivand, Roger 

2016  CRAN Task View: Analysis of Spatial Data, electronic document, https://cran.r-project.org/web/views/Spatial.html, accessed April 20, 2016. 

 

CAL FIRE 

2012  "CAL FIRE Archaeology Program: Overview." CAL FIRE. Web. electronic document, http://www.fire.ca.gov/resource_mgt/archaeology-overview, accessed March 16, 2016. 

 

California State University, Chico (CSU Chico)  

2003 The Central Valley Historic Mapping Project. Report produced for the U.S. Fish and Wildlife Service and the U.S. Bureau of Reclamation, electronic data, 

http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/docs/cmnt081712/sldmwa/csuchicodptofgeographyandplanningcentralvalley.pdf, accessed February 27, 2016. 

 

Chou, Christopher 

2014  "AB 52 Amends CEQA by Creating a New Category of Cultural Resources and New Requirements for Consultation with Native American Tribes - California Land Use & Development Law Report." California Land Use Development Law Report. 

Electronic document, https://www.californialandusedevelopmentlaw.com/2014/09/30/ab-52-amends-ceqa-by-creating-a-new-category-of-cultural-resources-and-new-requirements-for-consultation-with-native-american-tribes/, accessed March 20, 2016. 

 

State of California, Governor’s Office of Planning and Research 

2015  "Discussion Draft Technical Advisory: AB 52 and Tribal Cultural Resources in CEQA." Governor’s Office of Planning and Research,. https://www.opr.ca.gov/docs/DRAFT_AB_52_Technical_Advisory.pdf , accessed March 20, 2016.  

 

Gibbon, Guy 

2002  "Mn/Model." Final Report Phases 1-3, Appendix A., Archaeological Predictive Modeling: An Overview, electronic document, http://www.dot.state.mn.us/mnmodel/P3FinalReport/app_a.html, accessed March 20, 2016. 

 

Griffin, S. Joe, M.A.  

2013  The Common Features Archaeological Sensitivity Assessment Procedure and Buried Site Model. White Paper. US Army Corps of Engineers, Sacramento District. 

 

Helley, Edward J. and Davis S. Harwood  

1985  Geologic Map of the Late Cenozoic Deposits of the Sacramento Valley and Northern Sierra Foothills, California.  U.S. Geological Survey, location  

 

Institute for Digital Research and Education (IDRE) 

2016  “Stata Data Analysis Examples”, website, http://www.ats.ucla.edu/stat/stata/dae/probit.htm, accessed April 20, 2016. 

 

 

References References 

http://www.methodsconsultants.com/tutorial/what-is-the-difference-between-logit-and-probit-models/
http://www.methodsconsultants.com/tutorial/what-is-the-difference-between-logit-and-probit-models/
http://www.methodsconsultants.com/tutorial/what-is-the-difference-between-logit-and-probit-models/
http://www.methodsconsultants.com/tutorial/what-is-the-difference-between-logit-and-probit-models/
http://www.methodsconsultants.com/tutorial/what-is-the-difference-between-logit-and-probit-models/
http://www.methodsconsultants.com/tutorial/what-is-the-difference-between-logit-and-probit-models/
http://www.methodsconsultants.com/tutorial/what-is-the-difference-between-logit-and-probit-models/
http://www.methodsconsultants.com/tutorial/what-is-the-difference-between-logit-and-probit-models/
http://www.methodsconsultants.com/tutorial/what-is-the-difference-between-logit-and-probit-models/
http://www.methodsconsultants.com/tutorial/what-is-the-difference-between-logit-and-probit-models/
http://www.methodsconsultants.com/tutorial/what-is-the-difference-between-logit-and-probit-models/
http://www.methodsconsultants.com/tutorial/what-is-the-difference-between-logit-and-probit-models/
http://www.methodsconsultants.com/tutorial/what-is-the-difference-between-logit-and-probit-models/
http://www.methodsconsultants.com/tutorial/what-is-the-difference-between-logit-and-probit-models/
http://www.methodsconsultants.com/tutorial/what-is-the-difference-between-logit-and-probit-models/
http://www.methodsconsultants.com/tutorial/what-is-the-difference-between-logit-and-probit-models/
http://www.methodsconsultants.com/tutorial/what-is-the-difference-between-logit-and-probit-models/
https://cran.r-project.org/web/views/Spatial.html
https://cran.r-project.org/web/views/Spatial.html
https://cran.r-project.org/web/views/Spatial.html
http://www.fire.ca.gov/resource_mgt/archaeology-overview
http://www.fire.ca.gov/resource_mgt/archaeology-overview
http://www.fire.ca.gov/resource_mgt/archaeology-overview
http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/docs/cmnt081712/sldmwa/csuchicodptofgeographyandplanningcentralvalley.pdf
http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/docs/cmnt081712/sldmwa/csuchicodptofgeographyandplanningcentralvalley.pdf
http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/docs/cmnt081712/sldmwa/csuchicodptofgeographyandplanningcentralvalley.pdf
http://www.dot.state.mn.us/mnmodel/P3FinalReport/app_a.html
http://www.ats.ucla.edu/stat/stata/dae/probit.htm


Kvamme, Kenneth L.  

1983  Computer Processing Techniques for Regional Modeling of Archaeological Locations. Advances in Computer Archaeology 1: 26-52 

 

1990a, The fundamental principles and practice of predictive archaeological modelling, In Mathematics and information science in archaeology; a flexible framework, edited by Voorips, A., Studies in Modern Archaeology (Bonn: Holos-Verlag), pp. 257-

295 

 

Leathwick, J.R.  

2000  Predictive Models of Archaeological Site Distributions in New Zealand, Science & Research Internal Report 181, Department of Conservation, Wellington, New Zealand. 

 

US Army Corps of Engineers (USACE), Sacramento District 

2015  "Sacramento District."Sacramento District Missions Regulatory Permitting Cultural Resources Agency Consultation., electronic document, 

http://www.spk.usace.army.mil/Missions/Regulatory/Permitting/CulturalResourcesAgencyConsultation.aspx , accessed  March 4, 2016.  

 

2016  American River Watershed, Common Features General Reevaluation Report, Draft Environmental Impact Statement Environmental Impact Report, electronic document, 

http://www.spk.usace.army.mil/Portals/12/documents/civil_works/CommonFeatures/Documents/EIS-EIR/ARCF_Draft_EIS-EIR_Mar2015.pdf, accessed March 20, 2016.  

 

2012  Planning SMART Guide. electronic document, http://planning.usace.army.mil/toolbox/smart.cfm, accessed March 20, 2016. 

 

Warren, Robert E. and David L. Asch 

2000  “Chapter 2: A Predictive Model of Archaeological Site Location in the Eastern Prairie Peninsula”, in Practical Applications of GIS for Archaeologists: A Predictive Modeling Toolkit, edited by K. Wescott and J. Brandon, pp. 27-44. CRC Press, 

Philadelphia, PA. Print. 

 

Wescott, Konnie L. and Joe Brandon 

2000  Practical Applications of GIS for Archaeologists: A Predictive Modeling Toolkit. Philadelphia, PA. Print. 

 

Wheatley, David, and Mark Gillings 

2002  Spatial Technology and Archaeology: The Archaeological Applications of GIS. New York: Taylor & Francis, 2002. Print. 

 

 

References continued References cont. 



Questions  

Thank you 

Sutter Buttes 

CREDIT KEN SCHNEIDER / FLICKR, CREATIVE COMMONS 


