
Archaeological Predictive Modeling: Method and Theory

Beginning in October 2002, Environmental Services, Inc., and GAI Consultants, Inc., have been
working on the development and implementation of a statewide GIS-based Archaeological
Predictive Model on behalf of the North Carolina Department of Transportation (NCDOT). This
project is funded by the Federal Highway Administration (FHwA), with the intention of using the
model in the planning of multi-lane highways in new locations throughout the state. When
completed, the model will rank proposed highway corridors and alternatives as reflecting High,
Medium, or Low probability for containing archaeological sites of all periods. Data will be accessed
using a Decision Support System (DSS) based on the ESRI ArcIMS Internet Mapping System. To
date, the first two tasks of the project, data collection and prehistoric archaeological site modeling
for seven counties in the North Carolina Piedmont, are nearly complete.
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This poster presents a brief overview of archaeological predictive
modeling and provides three examples of such in the Southeast
conducted by Environmental Services, Inc., from 2000 to 2005. Two
of the projects were conducted for county planning. Due to relatively
small sample sizes, a weighted overlay approach utilizing elements
of inductive modeling was used for both projects. The third model is
a state-wide project in North Carolina. As it covers a much larger
area and has a much larger sample size (n=4,840), an inductive
approach utilizing logistic regression was used. The poster ends with
a summary of how predictive modeling can be used for planning at
both the local and statewide scales.

The overall origins of archaeological predictive modeling lay in regional archaeological
settlement analysis. This dates to the early work of Phillips, Ford, and Griffin (1951) work in
the lower Mississippi Valley and Gordon Willey's (1953) work in the Viru Valley of Peru.
Later work in Mesoamerica (Adams 1961) and Mesopotamia (Sanders 1960, 1965)
integrated these earlier approaches with ecological and systems theory. The applications of
systemic paradigms to settlement archaeology by David Clarke (Clarke 1972) was another
major contribution.

The field of predictive modeling began to change with the development of cultural resources
management in the 1970s, which significantly altered the context within which
archaeological data were discovered and analyzed. This occurred at the same time that GIS
was being developed as a practical planning and research tool. With the significant increases
in computing power over the past years, the use of GIS has allowed for the creation of
increasingly robust models. The integrated tools of Geomatics, including GIS, remote
sensing, GPS, and spatial analysis and modeling, provide a powerful environment for the
regional analysis of cultural resources for research or planning needs.

Clarke (1968:32) defined a model as a: “hypotheses or sets of hypotheses which simplify
complex observations whilst offering a largely accurate predictive framework structuring
these observations.”

The 'standard' method currently used to create models is an inductive procedure, where the
locations of a sample of known archaeological sites are statistically compared with the
various other spatial and environmental attributes in the GIS, generally in a raster
environment. Patterns are statistically determined, and areas with similar patterns of
occurrence are then 'predicted' to have higher likelihood of containing similar resources.
The opposite paradigm would be a deductive model, where a theory of human occupation of
the landscape was developed and tested against a known area. There are few examples of
this approach in the literature for a variety of reasons, including the incompatibility of
anthropological theory and quantitative spatial analysis and the difficulty in generating
sufficiently specific theoretical constructs.

The Planning Division of the St. Johns County Growth
Management Services Department in Florida initiated a project in
2000-2001, funded by a historic preservation grant from the State
of Florida. The goal was to develop an archaeological predictive
model for use by county planners to aid in the management of
cultural resources in the face of increasing population growth and
development (Madry, Smith, and Whitehill, 2001).

A literature review and field investigations were conducted, an
inventory of all known sites was created, and a final predictive
model was delivered. ArcView GIS was used to produce a total
of four GIS-based archaeological predictive models: historic site
probability; prehistoric site probability; shell midden site
probability; and a final, composite (historic and prehistoric)
model. Five environmental variables (landcover, STATSGO soil
map units, FEMA q3 flood zones, distance to perennial streams,
and distance to major hydrologic source) and 274 prehistoric and
historic archaeological sites were used to build the models. A
total of 122 shovel tests were dug in 8 locations in the county to
validate the model with all 14 positive tests located in either high
or medium probability zones. The final model contained high,
medium, and low probability zones.

The Jacksonville Planning and Development Department initiated a predictive modeling project
that represents the second phase of a two-part countywide archaeological plan for Duval County in
Florida (Madry, Smith, Cole, and Floyd 2002). The City of Jacksonville has a 2010 Comprehensive
Plan, which states that the Planning and Development Department will develop an archaeological
sensitivity map based on a predictive model that determines areas of high, medium, and low
probability for the presence of archaeological sites.

To create the model, a number of environmental variables were used, including elevation, slope,
soils, and distance to water. Additionally, a total of 454 prehistoric and historic archaeological sites
were used in the analysis. Three individual models were developed, one for prehistoric
archaeological site potential, one for historic archaeological site potential, and an overall predictive
model for all cultural resources, divided into High, Medium, and Low probability categories. The
models showed a strong preference for flat areas with well-drained soils that are in close proximity to
permanent water sources.

Archaeological predictive modeling is a useful tool for research and
planning purposes at a variety of scales. GIS models can provide practical
benefits, including more efficient planning, and incorporation of cultural
resources early in the local, NEPA and Section 106 planning process. The
ultimate goal is to reduced disturbance of cultural resources and increase
our knowledge of the past.
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The two Florida models produced comparable results in terms of predictive power, although the St.
Johns County model lacked high-resolution topographic data. Both models give their respective
clients useful tools that aid them in the management and preservation of their as-of-yet unrecorded
cultural heritage. These two projects serve as examples of how local governments can use
predictive modeling to achieve positive results in planning and preservation activities.
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ArcIMS decision support system screen capture showing model.
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The most commonly used approach today for predictive modeling is a variation of inductive
modeling using logistic regression analysis (Kvamme, 1988). This is used in a variety of
modeling contexts beyond archaeology, including wildlife biology, ecology, soils analysis.
Logistic regression is used with data in which there is a binary (presence/absence) outcome.
For example, an archaeological site is either present or not. Like linear regression, logistic
regression allows one to estimate a relationship between predictor variables (i.e.
environmental variable) and an outcome variable (i.e. archaeological site). In logistic
regression, however, you estimate a probability that the phenomena will occur. The
capability provides the relative probability of occurrence and allows for the mapping of the
potential for a phenomenon (like archaeological sites). Abenefit of logistic regression is that
the relationships being analyzed do not have to be linear, which is the case for environmental
and cultural variables in the GIS environment.

Weighted ranking analysis is another approach used in archaeological predictive modeling
(Della Bona 2000), especially when using a small sample size. The analysis is based upon
the assumption that each category of a relevant environmental variable (and each variable
itself) contributes in different amounts to predicting the presence or avoidance of
archaeological sites. These different variables, or categories within the environmental
variables, are weighted differently based on their impact on the feature being modeled. The
different weights are then used to mathematically add the impact of different variables
within a location. Raster weighted analysis also allows for comparing 'apples and oranges'
data that represent very different natural phenomena. These can be weighted differently
according to either inductive statistical analysis or deductive hypotheses. This is a more
powerful analytic tool than more traditional boolean operations performed on vector data
that simply show combinations of different data layers.
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In order to identify trends in the impact of development in the county on archaeological sites, and to
consider future needs, analysis of the GIS database was conducted (analysis included
archaeological sites, changes in land use and land cover due to development, and zoning changes).
This analysis showed that between 1970 and 1995, construction had impacted over 80 recorded
archaeological sites, with only a small fraction of those coming under review.

Ca. 1996 zoning data for the county was compared with projected zoning data for 2015 provided by
the county and recategorized by ESI for compatibility. The analysis showed that agricultural land
will decrease from 72% to 58% of the total county land area, while residential areas will double from
7% to 14%. The predictive model categories were compared with the 2015 zoning data, showing
that half of the developing areas in the county are in the high probability zone, and that this area
contains 86 known sites, making up 75% of all known sites in the high probability zone. The
medium probability zone contains 38% of developing areas and 25% of the known sites in that zone
class.
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Distribution of probability zones for all developed land
in St. Johns County 2015 zoning.
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St. Johns County uses the predictive model as part of its zoning permitting process, focusing
recommendations for archaeological surveys to High and Medium probability areas. This
approach, which covers approximately 86% of the county area that will be developed by 2015,
allows the county to manage its unrecorded cultural resources in a more knowledgeable and efficient
manner. This project is an example of how predictive modeling can be a useful tool for county-level
planning and monitoring the impact of future development on cultural resources.

Land use and zoning by the
year 2015.

Field investigations were conducted to independently verify the accuracy of the model. Atotal set of
355 randomly selected shovel test locations in the county were used to verify and refine the validity
of the model. A revised final probability model was developed based on the incorporation of field
survey verification data.
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As part of the modeling effort, an investigation of appropriate modeling scale was conducted. One
model for a large area might be easiest to prepare, but it might be too generalized. Individual models
based on county or quad map boundaries might be more locally appropriate, but there would be 'edge
effects' on the borders. Four scales of models were created for 1) the entire study area, 2) individual
counties, 3) individual quads, and 4) using a new 'roving window' technique. 'Roving Window'
created a model for individual quads based on the environmental and archaeological data for that
quad and the eight surrounding quads, in an effort to maximize the local distribution of sites while
reducing the edge effect problem. It is also useful in areas with few recorded sites.
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The predictive power of the models was tested against three control data sets and a field test. The
three control sets were a 10% withheld sample of the total archaeological sites (n=484), an
independent UNC lithic diagnostic database (2,242 data points), and 1,201 sites on the edges of
quads that were not located in the seven counties. A detailed field survey was conducted for the US
64 Asheboro Bypass in Randolph County, which included 3,183 shovel tests excavated at 30-meter
intervals. A total of 285 positive shovel tests, representing 84 prehistoric and historic sites, were
mapped using GPS. The models are currently being tested against these field results.

Preliminary results of the field survey are provided in the chart below. The chart shows the original
10 category logistic regression results for the four models, with 1 being lowest probability and 10
being highest. There was a general improvement in modeling power as we decreased the scale of
analysis; from the overall seven county model to the county, roving window, and quad-based
models. The quad based model performed the best.

Model Validation

Another aspect of Task 2 is the development of a DSS based on the ESRI ArcIMS platform. It will
allow NCDOT users to view digitized archaeological sites and historic maps, as well as topographic
maps, aerial photos, and the predictive model as they relate to proposed highway corridors. The
DSS will include tools to quantify potential impacts to aid in the ranking of corridors for NCDOT
National Environmental PolicyAct (NEPA) and Section 106 planning purposes. Using the DSS will
allow NCDOT to operationalize the predictive model to aid in the selection of highway corridors
with the goal of minimizing adverse effects to archaeological sites.

ArcIMS Decision Support SystemArcIMS Decision Support System
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Preliminary results of the field survey validation.
Task 1 of this work involved the collection of archaeological and environmental data covering seven
counties (Cabarrus, Chatham, Forsyth, Granville, Guilford, Randolph, and Wake) in the Piedmont
region of North Carolina and the integration of the data into a project database. Existing digitized
environmental information was collected, including soil data, geological base mapping, USGS
1:24,000 quadrangles, geomorphological data, and aerial photography, among others. These data
were integrated with digitized current archaeological site data from the North Carolina Office of
State Archaeology and historical map data from the North Carolina State Archives. The data
collected during Task 1 represented a 20% sample of the Piedmont physiographic province and 7.6%
of the total area of North Carolina. This area also contains 16% of the recorded archaeological sites
in the state.

Task 2 of this project, which is currently nearing completion, includes the development of an
archaeological predictive model covering the seven counties of the project area. The modeling
followed an inductive approach using logistic regression and a total of 4,840 archaeological sites to
identify and rank a wide range of environmental variables (including topographic variation, aspect,
solar radiation, distance to confluences, and distance to water) for their predictive power.


