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INTRODUCTION

In this paper, we present a predictive model 
of Paleoindian archaeological site locations to 
better understand settlement patterns and land-
use by early peoples in the Greater Yellowstone 
Ecosystem of the northwestern Great Plains and 
Rocky Mountains. Within Yellowstone National 
Park (Fig. 1), only two Clovis points have been 
officially documented, indicating rare use of the 
region before ca. 13,000 cal yr BP. However, by 
11,500 cal yr BP, Late Paleoindians frequently 
traveled to Yellowstone, including the highest-
elevation settings above 10,000 ft. amsl (Lee 
2011). In Yellowstone, most Paleoindian sites are 
surface-recorded, with only a handful experiencing 
excavations by professional archaeologists. While 
only a small portion—less than five percent—
of the park has been surveyed by professional 
archaeologists, enough Paleoindian site location 
data are available by which to propose a 
Geographic Information Systems (GIS) predictive 
model. The goal of the model is to better understand 
Paleoindian land-use and to predict settings likely 
to contain well-buried sites amenable to more in-
depth study. The model output classifies areas 
within Yellowstone National Park (YNP) through 

a set of key environmental, geographic, and 
geomorphologic variables favorable for finding 
Paleoindian site locations. While the model was 
prepared specifically for sites identified within YNP, 
we believe it has predictive value for Paleoindian 
site locations in much of the Greater Yellowstone 
Ecosystem (GYE) of Wyoming, Montana, and 
Idaho. 

Utilizing GIS and quantitative statistics, a 
probability model was created that relates the 
existence or nonexistence of Paleoindian cultural 
materials with 16 selected environmental features 
favorable for finding Paleoindian cultural material.  
A probability surface was generated in which 
each of the 88,901,690 cells, representing land 
parcels (10 m x 10 m), within YNP was assigned 
a probability score for containing Paleoindian 
cultural material.  Individual probability scores 
were calculated from the unique environmental 
characteristics at each land parcel. The remainder 
of this paper provides environmental and cultural 
historical context for Paleoindian sites in YNP 
and provides details regarding the GIS predictive 
model and its application to the GYE. 
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ENVIRONMENTAL SETTING OF 
YELLOWSTONE

Yellowstone National Park is located in the 
Intermountain region and borders the Northwestern 
High Plains within the states of Wyoming, Montana, 
and Idaho (Fig. 1). America’s first national park is 
larger than Rhode Island and Delaware combined 
and is home to a number of large lakes, including 
Yellowstone, Lewis, Shoshone, and Heart (Shortt 
1999).  At an elevation of 7,850 ft. amsl and 
80,000 km2, Yellowstone Lake is the largest, 
natural, high-elevation lake in North America. The 
major rivers in the park include the Yellowstone, 
Madison, Firehole, Gibbon, Gardner, Gallatin, 
Lamer, Bechler, Lewis, and Snake.  Generally 
speaking the eastern and northern portions of the 
park consist of more rugged mountains giving way 
to more open valleys and plateaus in the central, 
western, and southern areas.  Elevations in the 

park range from a low of ca. 5,000 ft. amsl in the far 
northern portion to a high of nearly 12,000 ft. in the 
mountains. Most of the park is between 7,500 and 
9,000 ft. amsl and can generally be considered a 
high-elevation setting. 

Conifer forests are the most prominent vegetation, 
with lodgepole pine comprising 80% of the total 
forested areas.  Other common flora include a 
variety of firs, whitebark pine, quaking aspen, 
willows, a variety of sage, and grasses (Whitlock 
1993).  The area is home to a number of animal 
species, most notably bison, elk, bighorn sheep, 
and deer, as well as a number of edible plants, 
including camas and bitterroot (Gish 2013). Native 
fish of the region include salmonids, although 
fishing appears to have been a somewhat low-
priority subsistence strategy for Native American 
hunter-gatherers in the area (MacDonald et al. 
2012).   

Figure 1: Location of Yellowstone National Park Shown in Yellow in Relation to the Continental 
U.S. 



- 3 -

Lithic raw material was an important commodity for 
hunter-gatherers living in the GYE as well. Several 
well-known sources are mapped on the landscape, 
including Obsidian Cliff (Davis et al. 1995), Teton 
Pass, among others. Several recently-published 
papers provide details of lithic raw material use in 
YNP (Adams and MacDonald 2015; Finley et al. 
2015; Johnson and Reeves 2013; MacDonald; 
Park 2011; Scheiber and Finley 2011).   

REGIONAL PALEOINDIAN STUDIES

While much remains unknown regarding the 
Paleoindian period of the High Plains and 
Intermountain region, recent research has 
substantiated that these cultures employed highly 
adaptable hunting and foraging strategies utilizing 
a vast array of available resources (Johnson and 
Reeves 2013; Knell and Muñiz 2013; Hill 2007; 
Johnson et al. 2004; Knell 2007; Knell and Hill 
2012; Vivian 2005).

Several important Paleoindian sites have been 
excavated in the northwestern Plains and Rocky 
Mountains surrounding Yellowstone.  While Early 
Paleoindian sites are rare in Yellowstone, as 
discussed more below, several areas near the 
park have high densities of early sites. The well-
known Clovis-age Anzick site (24PA506) is located 
approximately 110 km north of YNP (Lahren 2006; 
White 2013), while the Colby Mammoth site in the 
Big Horn Basin of northwestern Wyoming dates to 
ca. 12,700 cal B.P. (Kornfeld et al. 2010).  Folsom 
points are not uncommon in the Shoshone, Big 
Horn, Madison, Snake, or Yellowstone valleys, 
while Goshen sites are generally concentrated in 
eastern Montana and Wyoming, some distance 
from Yellowstone. 

Late Paleoindian sites are much more common 
in the region, including several summarized in 
Knell and Muñiz (2013) and Kornfeld et al. (2010). 
Two of the more important well-excavated Late 
Paleoindian sites include Mummy Cave, ca. 30 km 
west of YNP’s eastern park entrance (MacDonald 
2012: 51), and the Horner site (48PA29), the type 
site of the Late Paleoindian Cody complex, located 
ca. 80 km east of YNP near Cody, Wyoming 
(Cannon et al. 2010; Frison 1987).  Located 
approximately 100 km to the northwest of the 
park, the Barton Gulch site (24MA171) is a Late 
Paleoindian stratified campsite in southwestern 
Montana (Davis 1993).  Myers-Hindman is an 

important Late Paleoindian site located ca. 60 
km north of YNP in Livingston, Montana (Lahren 
2006), while the Late Paleoindian age Game Creek 
site was recently-excavated south of Jackson, 
Wyoming, ca. 50 km south of the park. Numerous 
other Paleoindian sites exist in the region, 
providing evidence of increasingly-intensive use 
of the Greater Yellowstone Ecosystem between 
13,000 and 11,000 cal BP. 

PALEOINDIAN ARCHAEOGY IN 
YELLOWSTONE

A formal interest in the prehistoric occupations of 
Yellowstone National Park dates to 1887 when 
Superintendent P.W. Norris collected hundreds of 
Native American artifacts from the park and sent 
them to the Museum of Natural History at the 
Smithsonian Institution (Hale and Livers 2013). 
Hale and Livers (2013) note that a number of 
these artifacts appear to be related to Paleoindian 
cultures dating to before 11,000 cal BP (Sanders 
2013). 
The first “systematic” archaeological survey of 
Yellowstone National Park was conducted over 
a two-month period in 1958, led by Dr. Carling 
Malouf, head of the Montana State University 
(now the University of Montana) Anthropology 
Department.  This survey generally focused 
on drainages along the Yellowstone River, the 
Madison River, the Gallatin River, and Yellowstone 
Lake.  The co-director of the Yellowstone Survey, 
Dee C. Taylor, continued the survey in 1959, 
locating an additional 195 sites (Hale and Livers 
2013). 
 
Smaller scale archaeological projects continued 
through the 1970s, 1980s and into the 1990’s, 
mostly in response to construction projects within 
the park.  In the late 1990’s relatively large scale 
archaeological projects within highway and major 
river corridors were more prevalent in Yellowstone.  
In the 2000s, Lifeways of Canada (Vivian et al. 
2007) conducted a Yellowstone Lake survey and 
the University of Montana followed up with a 
survey and evaluation project around the shores 
of Yellowstone Lake (MacDonald and Hale 2013; 
MacDonald et al. 2012).  

Even with all of these studies, only 4% of YNP has 
been inventoried for archaeological resources, 
of which the MYAP has surveyed approximately 
4,000 acres in the past 4 years (Hale and Livers 
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2013:3).  It has taken over 40 years to account for 
this 4% of archaeological coverage of Yellowstone, 
due in most part to the limited amount of funding 
for archaeological work.  This provides another 
motivation for identifying environmental and 
ecological variables that relate to site selection for 
prehistoric populations in Yellowstone.  

There is a need for more in-depth and detailed 
information on the settlement and migration 
patterns in the Yellowstone region during the 
Paleoindian period (Sanders 2013).  The current 
study will contribute to these advancements by 
focusing on the environmental and ecological 
variables responsible for the spatial patterns of 
Paleoindian (13,000-10,500 cal BP) artifacts in 
Yellowstone National Park.  The various surveys of 
the park have identified 64 sites with Paleoindian 
artifacts. Identification of site distribution  patterns 
poses a fascinating challenge for geospatial 
analysis.  GIS provides a useful platform from 
which to analyze this growing dataset and most 
importantly gain insight into Paleoindian use of the 
GYE.  

While 64 sites have yielded Paleoindian-age 
artifacts, only three of the sites have yielded 
substantial Paleoindian components in subsurface 
contexts. These sites are the Malin Creek site 
on the Yellowstone River near Gardiner (Vivian 
et al. 2008); the Fishing Bridge site on the North 
Shore of Yellowstone Lake (Reeve 1989); and 
the Osprey Beach site on the West Thumb of 
Yellowstone Lake (Johnson et al. 2004; Johnson 
and Reeves 2013).  With the exception of these 
three sites, the remaining 61 Paleoindian sites 
have not yielded subsurface components during 
evaluations or otherwise have not been evaluated 
via excavations.

Paleoindian Sites in Yellowstone 

Nelson (2015) provides a more substantial overview 
of the 64 Paleoindian sites in Yellowstone, with only 
a cursory summary provided here. At the request 
of Yellowstone, we do not include a map of these 
site locations. Among the 64 sites with Paleoindian 
points, 50 have Late Paleoindian points (e.g., Cody 
Complex and Foothill-Mountain), 11 have Middle 
Paleoindian points (e.g., Western Stemmed, 
Agate Basin and Hell Gap), while only three have 
Early Paleoindian points (e.g., Clovis, Folsom and 
Goshen). Two Clovis points have been recovered 
within the boundaries of Yellowstone National 

Park, including one on the Yellowstone River near 
Gardiner, Montana (MacDonald et al. 2010) and 
another on the southern shore of Yellowstone Lake 
at 48YE1578 (MacDonald 2014). Unfortunately, 
test excavations at both sites failed to identify 
buried Paleoindian-age deposits. Because of 
their surface locations and lack of associated 
buried occupations, we do not include these two 
Clovis locations as data in this paper. We assume 
both Clovis points likely were transported to the 
sites by later people or they were displaced from 
unknown upstream locations by post-depositional 
processes. 

We are not aware of any Folsom point discoveries 
in the park (Hale and Livers 2013); however, an 
Obsidian Cliff obsidian Folsom point was found 
in the Bridger-Teton Forest south of Yellowstone 
(Cannon and Hughes 1997) and one was found 
on the Stermitz Ranch about 15 miles north of the 
park (Ann Johnson, personal communication).  An 
unfluted Folsom or Plainview point was recovered 
during archaeological excavation on the shores of 
Yellowstone Lake (Maas et al. 2011).  The Folsom 
component of the Indian Creek Site near Helena, 
Montana, also yielded Obsidian Cliff obsidian, 
indicating collection of the stone in YNP by Folsom 
individuals (Davis and Greiser 1992).  
Lifeways of Canada recovered two Goshen points 
from the surface at site 48YE736 on the shores of 
Yellowstone Lake (Vivian 2005).  The University of 
Montana survey of the Lewis River found a Teton 
Pass obsidian Goshen-like point at site 48YE2221 
near Lewis Falls in the far southern portion of the 
park (Pfau and MacDonald 2015).  

A total of 11 sites have yielded Middle Paleoindian 
projectile points, including Agate Basin, Hell Gap 
and Western Stemmed (e.g., Windust, Haskett), 
among others. A variety of researchers have 
identified Middle Paleoindian site occupations, 
including Taylor et al. (1964), Meyer (2004), 
Reeves (2006), Vivian et al. (2008), MacDonald 
(2014),  and Cannon (1992).  

Late Paleoindian occupations (n=50 sites) far 
and away dominate the Paleoindian data in 
Yellowstone. Reeve (1989), Reeves (2006), 
Johnson and Reeves (2013), Vivian et al. (2007), 
and MacDonald (2014), among several others (cf. 
Hale and Livers 2013), have recorded active Late 
Paleoindian use of Yellowstone. 

In summary, Yellowstone National Park and the 
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surrounding GYE provided ample subsistence 
resources for Paleoindians to live comfortably 
for the last 13,000 years. While Early and Middle 
Paleoindian sites are somewhat rare in the park, 
Late Paleoindian sites of the Cody Complex are 
fairly abundant. In the following, we utilize the 
locations of the 64 Paleoindian sites in the park to 
predict areas that might prove fruitful for future site 
identification. 

ARCHAEOLOGICAL PREDICTIVE 
MODELING REVIEW

Based on the more than 60 sites in YNP with 
Paleoindian evidence/occupations, we now 
describe the archaeological site predictive 
model, starting first with a brief overview of the 
theoretical background and range of applications 
of archaeological predictive modeling.  An 
archaeological predictive model (APM) can be 
generally defined as a tool that indicates the 
likelihood of cultural material being present at a 
location (Warren and Asch 2000).  APMs attempt to 
quantify the spatial pattern identified in a sample of 
archaeological site locations with respect to a set 
of non-archaeological input variables and project 
the theorized pattern to a larger area (Kvamme 
1992).  A predictive model is essentially an 
“assignment procedure” that accurately designates 
an archaeological result at a specified location 
with a higher probability than could be attributed 
to random chance alone (Kvamme 1990:261). 
This is done by attempting to identify and quantify 
spatial patterns inherent to a sample of known 
archaeological site and site absent locations in 
conjunction with often non-archaeological input 
variables and project the identified pattern onto a 
larger area (Kvamme 1992). 

Archaeological predictive modeling’s theoretical 
basis counts on a lack of randomness in human 
settlement behaviors and that the distribution of 
resources within a given locale greatly influenced 
settlement locations (Campbell 2006).  In hunter-
gatherer archaeology, this is reinforced by the 
observed spatial patterns of archaeological 
materials found throughout an area and the 
apparent relationships between the distribution 
of specific environmental resources and activity 
locations related to the search for and utilization of 
resources (Campbell 2006).  Inherently, predictive 
models assume the environmental factors that 
influenced settlement decisions are accurately 

represented in modern maps of environmental 
resources (Warren and Asch 2000); thus modern 
maps can be utilized to provide information 
regarding the distribution of activity locations 
(Campbell 2006).  

An APM develops a set of criteria that is used to 
classify each individual cell, pixel or land parcel into 
an archaeological event class most often based 
on non-archaeological data (i.e. environmental 
variables).   “Predictive models take the conclusions 
of settlement analyses and turn them around to 
develop a probabilistic generalization of where 
sites are likely to occur in a given unsurveyed 
area” (Whitley 2000:11).  Archaeological predictive 
models typically use measurements from pertinent 
environmental variables to determine the likelihood 
that a site occurs at a specific location.   

There are two types of predictive modeling: 
inductive modeling and deductive modeling.  
Inductive models tend to look for quantifiable 
relationships between known site data and 
environmental datasets like landforms, soil type, 
distance to water, relief, and slope, typically 
through the use of statistical techniques such as, 
logistic regression (e.g. Warren 1990; Wheatley 
and Gillings 2002).  Inductive models derive rules 
from observations using various factors, mostly 
environmental, in prehistoric hunter-gatherer 
research.  

Deductive models derive rules from expert 
knowledge or knowledge-based theory deductive 
approaches do not rely on correlations with known 
archaeological site data.  Preferring instead to use 
deductive reasoning and using archaeological 
site data for testing purposes (Verhagen and 
Whitley 2012) only after their statistical analysis 
(e.g. Van Leusen, et al. 2009; Verhagen 2006), or 
GIS procedure (e.g. Dalla Bona 1994) has been 
conducted (Cable and Standley 2012).  Deductive 
models are often referred to as “intuitive” of “expert 
judgment” models due to the fact that they tend to 
rely on their knowledge of a region to develop a 
model based on a set of characteristics believe to 
influence settlement location preferences (Cable 
and Standley 2012).  

According to Cable and Standley (2012:13) “Both 
approaches are driven by ‘ecological determinism’ 
(see Gaffney and Leusen 1995)…, a reliance 
on available environmental data sets to define 
the archaeological model, without regard to 
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causality, agency or cognitive behavior.”    While 
both methodologies are capable of providing an 
effective predictive model, the focus of our study is 
on inductive modeling methods. 

FUNDAMENTAL COMPONENTS OF 
PREDICTIVE MODELS

Three fundamental components of an APM are 
recognized: the unit of analysis as a land parcel, 
the development of an assignment procedure, and 
the application of the assignment procedure to 
each land parcel. 

Unit of Investigation
    
The unit of investigation, generally the 
archaeological site, is the fundamental component 
of any archaeological predictive model.  In 
archaeological studies, this unit is typically the 
archaeological site, but in archaeological predictive 
modeling, this unit is the individual land parcel 
(Kvamme and Kohler 1988).  GIS is well suited to 
divide the landscape into a series of contiguous 
land parcels, as a single land parcel forms 
the standard raster grid cell.  The assignment 
procedure of the APM is then applied to each grid 
cell that represents a land parcel.

The unit of investigation involves consideration of 
the modeling goals and the available geographical 
data.  The most common modeling goal is to predict 
previously unknown site locations. Considerations 
of scale in regards to the available environmental 
datasets are important due to the fact that spatial 
datasets are collected with a specific margin of 
error and consequently have limits to the positional 
accuracy of the data.  Use of a land parcel size that 
is at a finer resolution than the mapping scale of 
the geographic data risks the introduction of error 
or false precision into the model. The last several 
years have seen the average land parcel size for 
environmental datasets is 30 m2, however, there 
are currently available elevation datasets for most 
of the United States that have a land parcel or 
raster cell size of 10 m2.  

Archaeological Event Classes

The final output result of an archaeological 
predictive model is an assignment of each land 
parcel to an archaeological event class.   Each 
land parcel must be classified into only one of 

the event classes and all parcels or cells must be 
classified (MacDonald 2012a).

The following section will describe the potential 
event classes used in this APM using notation from 
Kvamme (1992).  For each land parcel used to 
construct the model, two possible archaeological 
events that represent the true condition of the land 
parcel are possible: S = {site present} or S’ = {site 
absent}.

Output of the model is the assignment of every land 
parcel into one of the two potential archaeological 
event classes: M = {model predicts site present} or 
M’ = {model predicts site absent}.

The comparison of these two sets of event classes 
is crucial for interpreting model results.  Any single 
land parcel can be classified according to its 
condition in reality (S or S’) and by its condition 
predicted by the model (M or M’).  Comparing 
the relative values of S, S’, M, and M’ provides 
a quantitative method for evaluating model 
performance.  This notation is used throughout 
this paper.  

The site present class (S) is meant to represent 
all the different functional classes of Paleoindian 
open-air activities or what MacDonald and Hale 
(2011) refer to as an activity space.  Recognizing 
that different functional classes could occupy 
different kinds of contexts within the activity space, 
this notion is useful in the present model because 
the overall goal is to create a map of where the 
locations of any Paleoindian open-air activity 
may be present in Yellowstone National Park.  
The reason for specifying open-air sites is that at 
the current time we lack the ability to model rock 
shelter and rock art locations accurately enough 
(Kvamme 1992).  It should also be mentioned that 
no evidence of Paleoindian occupations have been 
discovered in a rockshelter setting within YNP.  

Assessment

A GIS toolkit is used to determine the accuracy 
of the model, both through visual evaluation and 
statistical analysis.  For visual evaluation, every 
land parcel is mapped as a continuous probability 
surface in GIS, allowing the researcher to visually 
analyze and interpret the spatial pattern of the 
model results.  This visual analysis of the probability 
surface is not quantitative, but provides a valuable 
tool to gain insights into the spatial implications of 
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the model.  To quantitatively evaluate the model, 
predicted probabilities are exported for each land 
parcel to a statistics program in which the actual 
assessment and graphic productions are executed.  

Logistic Regression

The most widely used method for constructing 
quantitative archaeological predictive models is 
a logistic regression technique, whether binary 
or multivariate.  Binary logistic regression is used 
when the observed outcome is limited to only two 
values, in this case coded 0 and 1, representing 
the site absent {S’} and site present {S} event 
classes respectively.  The output of the binary 
logistic regression represents in this case the 
probability of a site occurring Pr(M) or probability 
of a site not occurring Pr(M’).  Since the output 
of the logistic model is a probability it must be 
constrained between 0 and 1.  The ordinary output 
value of the equation (Z) must be converted to a 
probability value restricted between 0 and 1 (Davis 
1993).  The standard linear regression equation 
is generally described as: Z=B0+B1X1+B2X2+…
+BPXp, “where, Z is the predicted output of the 
regression equation (dependent variable), B0 
is a constant term, BP is a coefficient and Xp is 
an independent variable for every variable in the 
equation” (Campbell 2006:29).  

The following equation needs is implemented to 
convert the probability of an event occurring: Pr(M) 
=1/(1+e-Z), where e is the natural log and (-Z) is 
the ordinary regression output multiplied by -1 
(Campbell 2006).  The probability of an event not 
occurring is written as:  Pr(M’) = 1 – Pr(M).

Logistic regression is often utilized due to  its 
robustness in regard to the data normality and 
equality of variance assumptions required of 
related techniques and its ability to handle 
nominal, ordinal, interval, or ratio level data 
(Kvamme 1990; Warren and Asch 2000).  Kenneth 
Kvamme’s (1992) method of model development 
and assessment is used for the model constructed 
in this thesis.  This method was chosen over more 
basic binary classification and more elaborate 
multilinear regression models for its relative 
simplicity and robustness.   Also it has been shown 
to be effective in large area, regional predictive 
models previously, with an increasing number 
the size of the Yellowstone National Park model 
presented here (Campbell 2006; Kvamme 1992).

THE YELLOWSTONE 
PALEOINDIAN MODEL

Data Collection

Background research was conducted to acquire 
and create digital resources that could be used 
in a GIS analysis of environmental variables 
influencing paleoindian site location in Yellowstone 
National Park.  The initial database was collected 
from the NRCS USDA data gateway from August 
2013 to February 2014.  The 1/3 arc-second 
Digital Elevation Models (DEMs) were mosaicked 
together following standard procedure and 
projected to Universal Transverse Mercator (UTM) 
North American Datum (NAD) 1983 zone 12N 
providing an accurate and continuous coverage 
of digital elevation data from which all elevation 
derived GIS analyses commenced.  

Paleoindian Site Database

As summarized above, Paleoindian site data for 
Yellowstone National Park was acquired through 
research of previous archaeological reports 
largely in paper form.  Another integral source of 
Paleoindian site data was the Wyoming Cultural 
Resource Online (WYCRO) digital database. 
The WYCRO database provided a good deal of 
information, in regard to site location coordinates, 
through digitized site forms, reports, and digitized 
site locations. Nelson (2015) provides a full 
summary of the data utilized in this study. 
Microsoft Excel was used to compile the site 
information and coordinates for use later spatial 
statistical analyses and for ease of modification.  
Information incorporated into the database 
included: site numbers, Universal Transverse 
Mercator (UTMs) coordinates, artifact type, 
cultural type, lithic material (when available) and 
raw material source (when available).  The site 
database was imported into ArcMap 10.1 in a 
vector point shapefile format. North American 
Datum 1983 UTM Zone 12N (referred to as NAD83 
for the remainder of the paper) was chosen as the 
projected coordinate system, as a majority of the 
site coordinates and shapefiles were already in 
NAD83.  A sample of site absent locations were 
created using the create random points tool in 
ArcMap 10.1.  

For each of the sample databases, a site score 
field was created, with the site present database 
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being composed of a score of 1 and a 0 for the site 
absent database.  This was done in preparation 
for the binary logistic regression procedure that 
was used to create the model.  The point vector 
format for the both sample data files was then 
buffered to 10 meters, using buffer tool in ESRI’s 
geoprocessing toolbox creating polygon features 
around each individual point for each site present 
or site absent files.  Sites that had been excavated 
or had multiple points were made into larger 
polygons to encompass the respective area.  
Once the buffer operation was completed these 
files were converted to raster shapefiles using the 
convert features to raster tool with a cell size of 
10 m2. 

Data were extracted from each of the environmental 
data raster files by using the Sample tool in the 
Spatial Analyst toolbox, in the Extraction toolset.  
This was done for the site present and site absent 
shapefiles. All of the variables were extracted to the 
shapefiles Site or NoSite.  Once that was complete 
each shapefile’s attribute table was opened to 
ensure a proper extraction of the variables had 
occurred and then the table was exported by 
right clicking on the desired shapefile in the Table 
of Contents window, scrolling down to Data and 
selecting to Export Data and exporting to a txt. file 
format to for later use in Microsoft Excel for editing.

Shapefiles and Environmental 
Variables

A variety of primary and derived shapefiles was 
necessary to accomplish the creation of this APM.  
To provide a consistent raster size, all raster and 
vector files were clipped to the YNP boundary 
layer; this enabled the creation of GRID integer 
raster layers for each environmental variable. The 
output attribute table provided cell counts for each 
class; this was exported from ArcMap to a .txt file 
and imported into Microsoft Excel for statistical 
analysis.  Class values were extracted by site using 
the extract values to point tool in the spatial analyst 
toolbox.  The desired raster’s value is added to the 
representative site, in the site attribute table, these 
were also extracted in .txt file format and imported 
into Excel.  These final two steps were conducted 
for each dataset, yielding a total of 14 variable 
raster files.

Elevation

Elevation plays an important role in a variety of 
environmental characteristics.  For this study, 
fifteen U.S. Geological Service (USGS) National 
Elevation Datasets (NED) 1/3 arc-second Digital 
Elevation Models (DEMs) downloaded, mosaicked 
into one projected DEM for the Greater Yellowstone 
Region.  As mention above, UTM NAD 83 zone 
12N was chosen as the projected coordinate 
system.  The 1/3 arc-second DEM has an accuracy 
of approximately 10m, thus each cell of the raster 
measures 10 m2 and is the standard raster grid cell 
size for the model.  The raw elevation values were 
utilized, but given the vastness of the study area, 
the utility of these values may vary.  Elevation 
values from the DEM were used to calculate a 
number of derivatives, which produced individual 
slope and relief rasters (hillshade was derived for 
visualization) utilizing the standard routine within 
ESRI’s Spatial Analyst extension for ArcGIS 10.1.  
Each of these variables has been shown to have 
an impact on prehistoric settlement patterns, as 
such, they are appropriate variable choices for 
inclusion in the models (Butzer 1982; Campbell 
2006; Greiser 1985; Jochim 1976; Kvamme 1989, 
1992, 2006; Peterson 2008; Pilgrim 1987). 

The multiple relief measures were produced using 
Focal (neighborhood) functions and completed 
using the Raster Calculator with Spatial Analyst.  
Relief was calculated by determining the range of 
elevation values (range = maximum – minimum 
value) within a given neighborhood.  Although 
relief has been shown to play a role in site 
selection (Kvamme 1979, 1992), the extent of the 
relief to calculate was unknown, therefore four 
relief measures were calculated with radii of 150 
m, 300m, 600 m, and 1000 m respectively.  

Hydrology

Another dominant environmental factor in hunter-
gatherer settlement studies is water (Butzer 1982; 
Duncan and Beckman 2000; Greiser 1985; Jochim 
1976; Kohler and Parker 1986; Kvamme 1979, 
1992; Lock and Stancic 1995; Maschner and 
Stein 1995; Peterson 2008; Verhagen 2007).  All 
hydrological data (i.e. Rivers/streams, Lakes, etc.) 
used in the model came from or derived from a 
National Hydrography Dataset (NHD) generated 
and distributed by the NRCS/USDA through 
the National Geospatial Management Center.  
Yellowstone Park has eight prominent river valleys 
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(Yellowstone, Gardiner, Lamar, Madison, Gibbon, 
Firehole, Lewis, Bechler, and Snake) along 
with many smaller streams, all of which were 
downloaded in a single vector polyline shapefile, 
labeled NHD flowline.  The original dataset was 
separated into two new datasets, perennial and 
intermittent streams, and accomplished through 
the select by attributes tool from the shapefiles 
attribute table and using a query to select for the 
appropriate ‘FCODE’ classes.  Subsequently the 
selected data was extracted, creating individual 
shapefiles for rivers, perennial, and intermittent 
streams.    

Distances from rivers and perennial streams, as 
well as distances from intermittent streams, were 
calculated in a separate raster file.  Distance from 
the confluences with rivers was also calculated.  All 
of these distance from measures were on a meter 
scale with the 1/3 arc-second DEM as a raster 
surface using the distance from tool in ESRI’s 
predictive analysis toolbox.  

Confluences of waterways tend to have higher 
densities of archaeological sites in most regions, 
including Yellowstone in our experience.  To 
create a confluence variable layer, it was decided 
to create a variable to represent the confluences 
of streams with the major rivers listed above.  
This was accomplished by buffering each of 
the three-flowline shapefiles, then using the 
ESRI geoprocessing intersect tool to create two 
shapefiles that represent the confluences of rivers 
and streams, as well as, lakes, rivers, and streams.  
Also a distance from springs layer was derived from 
the NHD waterbody polygon shapefile following 
the same procedures mentioned above.  This was 
utilized in an attempt to determine if there was any 
spatial patterning in relation to water resources 
away from the primary sources listed above.  As 
with the swamp and marsh theme mentioned 
below it was hypothesized that springs would 
have been an attractor for animals and possibly for 
certain plants as well. 

Vegetation or Land Cover

Three shapefiles were derived from the National 
Land Cover Dataset (NLCD) polygon shapefile.  
The three derived themes were: Forests, Shrubs 
and Herbaceous, and Swamps and Marshes.  
Then, in an attempt to represent a forest to 
grassland ecotone, the distance from the polygon 
edge was calculated using ESRI’s predictive 

analyst toolkit.  The output from this tool is a raster 
and in this case a 10m output raster cell size 
was selected.  This was done for both, the forest 
and the shrub/herbaceous polygons layers.  The 
distances to swamps/marshes layer was added 
to the model to evaluate site locations relative to 
these areas which possess abundant water, game, 
and plant resources.  

Geomorphological Landforms 

The process of creating the landform layers used 
in the model follow the same techniques used in 
the vegetation section above.  Three landform 
distance from layers were derived: (1) a glaciated 
rolling uplands layer; (2) a glaciofluvial terraces 
and plains layer; and (3) an alluvial landform 
layer.  “Distance from” was used instead of the 
representative values previously assigned to 
each landform class, as there were problems 
implementing these categorical variables into 
the logistic regression modeling process in the 
statistical program SPSS (Statistical Package for 
the Social Sciences).  These specific landforms 
were chosen after visually inspecting the site 
locations in relation to the landforms and the overall 
distribution of the landforms throughout YNP. 

 Lithic Raw Materials

As discussed above, lithic raw material availability 
was an important factor in prehistoric hunter-
gatherer settlement patterns in Yellowstone. 
However, we encountered a major issue with 
mapping lithic raw material sources within the 
current GIS model. Namely, the precise geographic 
extent of the respective sources have not been 
adequately mapped as data layers. In addition, 
several key stone sources are located outside of 
the GIS model geographic limits. Despite these 
issues, the first author incorporated a lithic raw 
material source location data layer in his early 
GIS models. After running several iterations of the 
model which included the lithic source location 
data, it did not regularly return effective site 
predictions, likely due to the two issues discussed 
above. As such, for the purposes of this paper, we 
decided to eliminate the lithic raw material data 
layer. However, in future versions of the model, we 
will pursue this aspect to determine the influence 
of these sources on Paleoindian site locations. In 
order to do so, the geographic scope of the model 
would require expansion to include lithic material 
source locations outside of the study area, 
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including areas like Bear Gulch in Idaho and Teton 
Pass near Jackson, Wyoming. 

DATA EXTRACTON AND MODEL 
CONSTRUCTION

Upon completion of constructing the GIS database, 
environmental data for site and non-site locations 
were extracted and exported to SPSS (Statistical 
Package for Social Scientists) software for analysis.  
Data were extracted for each of the independent 
variables of the site and non-site cells using the 
sample tool in ESRIs spatial analyst toolbox.  The 
output of the sample tool is a tab-delimited text file 
that was imported into SPSS and compiled into a 
single dataset.  For each land parcel or cell, the 
archaeological condition and associated values 
from the environmental variables are written out to 
an individual row; therefore 11,700 site present and 
14,585 site absent rows of data were extracted. 
Once compiled in SPSS, the data were ready for 
statistical analysis.

In order to determine if the proposed 
environmental variables should be included in the 
model, univariate statistical comparisons (Mann-
Whitney U and Komolgorov-Smirnoff) were used 
to establish if the dependent variable, the two 
archaeological event classes (site or non-site) 
had significant differences between them for each 
continuous independent variable.  Of the all of the 
variables were found to be significantly different 
at =0.005.  Significant differences for all the 
independent variables signify that each of the 
environmental variables is suitable for inclusion in 
the model, necessary for the general validity of the 
model.

In terms of statistical analysis, the specific method 
chosen for model construction was a backward, 
step-wise binary logistic regression.  In this mode 
of logistic regression, all independent variables 
are initially used in the equation and the power of 
the model is calculated; next, each independent 
variable is iteratively removed and the power 
is recalculated.  If the change in model power is 
significant, the variable with the least explanatory 
power is removed from the set of independent 
variables and the process of power calculation 
and variable removal is repeated (Campbell 
2006).  Processing continues until the removal of 
a variable does not significantly change the power 
of the model.  Once completed, the remaining 

variables all have significant explanatory power 
(Clark and Hosking 1986).

The specific model was run in a backward step-
wise method, which resulted in the distance from 
springs and the distance from alluvial landforms 
layers being excluded.  The backward stepwise 
model was a logical approach because all the 
environmental data layers are used initially as 
explanatory variables.  From an archaeological 
perspective, it is reasonable to assume that site 
selection was based on a simultaneous evaluation 
of multiple environmental criteria; this is best 
represented statistically in the backward stepwise 
method (Campbell 2006).  Additional discussion 
of the internal statistical metrics is not required 
for two reasons.  Specific details of the regression 
model construction are included in Appendix A in 
the form of SPSS output tables. 

Statistical Analysis of Model Output

The regression equation within SPSS is 
mathematically written as follows:
Z = 2.48446 + (Relief1000 * 0.00265) + (Relief600 
* - 0.00919) + (Relief300 * - 0.01674) + (Relief150 
* - 0.03408) + (Slope * 0.10620) + (SwampMarsh 
* 0.00023) + (Dist. to Inter. * 0.00073) + 
(StrmRvrConf. * - 0.00003) + (LkConf. * - 0.00090) 
+ (Perr. Strms * - 0.00035) + (ShrubHerb * - 
0.00130) +  (Forest * - 0.00225) + (TerracePlains 
* - 0.00051) + (RollUplands * - 0.00018).

To interpret the equation above, variables with 
positive values generally indicate the presence of 
sites, with negative values indicating a lack of sites 
(Kvamme 1992:29).  Therefore, statistical analysis 
of the model indicates that the following variables 
strongly correlate with Paleoindian site locations: 
(1) moderate values of relief (1000); (2) slope; (3) 
distance to swamps or marshes; and (4) distance 
to intermittent streams.  

The relationship between Paleoindian sites and 
moderate values of slope was not predicted; 
however, numerous Paleoindian artifacts are 
discovered on or just below the edges of terraces, 
likely due to erosion of the terrace margin.  
Therefore it is more likely that these terrace edges, 
combined with the other variables, are more likely 
to yield Paleoindian artifacts then pure chance 
alone.  
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The model also shows that Paleoindian sites are 
more closely associated with lower values in the 
variables: relief 600m, 300m, and 150m; swamps/
marshes; stream/river confluences; confluences 
with lakes, streams and rivers; distance to perennial 
streams; distance from glaciofluvial terraces/
plains; and distance from glaciated rolling uplands.  
These all seem relatively obvious, but if one was to 
look at the landscape of all of Yellowstone National 
Park, it is clear that areas with these types values 
coincide with a small area of the Park. 

Not surprisingly, the lower values in “distance to 
shrub and herbaceous vegetation” and “distance 
to forests” were more associated with Paleoindian 
sites. This likely indicates intentional placement 
of sites in ecotones where two ecological areas 
meet on their edges.  Paleoindians appear to 
have preferred these settings, perhaps due to the 
abundance of diverse resources often present in 
the respective ecological areas. 

The results show generally what was already 
assumed about Paleoindian site locations in 
YNP, but the ability to visually display these areas 
that meet the selected environmental criteria is 
valuable, particularly to resource managers and 
researchers in planning future projects.

VISUAL ANALYSIS OF MODEL OUTPUT

Statistical analysis indicates the importance of 
several ecological and geomorphological zones 
which likely compelled Paleoindian settlement 
locations in Yellowstone. Another means to 
evaluate the model is through its visual output, as 
shown in Figures 2-5. Nelson (2015) provides a 
variety of maps that visually represent the various 
variables used in this study. We provide four of 
those maps here, including: distance to rivers (Fig. 
2); distance from stream/river confluences (Fig. 3); 
distance from shrub/herbaceous vegetation (Fig. 
4); and the final predictive model of Paleoindian 
site probability (Fig. 5).  

In this section, we conduct visual analysis of 
the model output using the following equation 
w to convert the output of the regression into a 
probability score: Prob(S) = 1/(1+EXP(-Z)).

As discussed by Campbell (2006: 62), “This equation 
represents the best quantitative description 
between the occurrence of archaeological sites 
and the environment developed for the study 

area.” Utilizing the Raster Calculator tool within the 
Spatial Analyst toolbox, these two equations were 
input with their corresponding layers into GIS. Once 
calculated, the regression equation is applied to 
every 10 m2 land parcel in the study area. The GIS 
calculates the output of the regression equation for 
every land parcel or raster cell in the study area, 
which in this case is 88,901,690 land parcels.  
The output for every cell is a numerical value, 
constrained between 0 and 1, which describes 
the potential of that raster cell or land parcel to 
contain archaeological material.  A location with 
a score near 0 indicates a set of environmental 
characteristics more similar to the characteristics 
of the site absent class, while a score near 1 
represents a location with characteristics similar to 
those in the site-present class. 

The resulting output is a decision or probability 
surface of continuous data values containing the 
probability score of each land parcel in the study 
area.  The final model overview image can be 
seen in Figure 6.  The visual analysis of the spatial 
patterns generated by mapping the output equation 
reveals some interesting landscape patterns.  
From a macro perspective, the first obvious 
observations are of the high probability values 
along the major hydrological drainages, around 
the major lakes, and interestingly on the edge of 
steeper slopes where the topography bends. Low 
values are observed in the more mountainous, 
thickly forested slopes, and where there are fewer 
concentrations of streams.  When zoomed in to a 
scale of 24,000 or larger, the unique computation 
of each land parcel becomes apparent. 

Based on a visual analysis, several areas of 
YNP were identified that likely would yield 
success in finding additional Paleoindian sites. 
High probability areas identified in this study 
include: (1) the Yellowstone River (south and 
north of Yellowstone Lake, as well as south and 
north of the Grand Canyon of the Yellowstone); 
(2) the Lamar River near its confluence with the 
Yellowstone River; (3) the Gardner River near its 
confluence with Obsidian Creek (southwest of 
Sheepeater Cliff); (4) some portions of the Snake 
and Lewis Rivers with low relief; and (5) the entire 
area surrounding Obsidian Cliff, including the 
Obsidian Creek and Solfatara Creek valleys. Prior 
studies in all of these areas have been successful 
in identifying Paleoindian sites. 
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Figure 2:  Displays The ‘Distance from Rivers’ Layer Derived from The NHD Flowline Dataset and 
Calculated with ESRI’s Predictive Analysis Toolkit.
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Figure 3:  Displays The ‘Distance from Streams and River Confluences’ Layer. Distances Are 
Represented in Meters.
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Figure 4:  Displays The ‘Distance from Shrub and Herbaceous’ Layer Derived from The NLCD 
Dataset And Calculated in Meters Using ESRI’s Predictive Analysis Toolkit.
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Figure 5:  Displays The Final Model Overview of The Probability Surface. Notice The High 
Probability Areas in Red, Orange, Yellow, and Green.  Note How Much of The Landscape Is Also 
Classified Extremely Low (Site Absent).
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areas of high probability that have experienced 
little prior study include: (1) the far west-central 
edge of the park—along the Madison River near 
West Yellowstone, Montana; and (2) the far 
southwestern corner of the park along the tributary 
streams of the Upper and Lower Henrys Forks 
of the Snake River in Idaho. Our model predicts 
that archaeological surveys in these areas would 
be productive in yielding additional, previously-
unidentified Paleoindian sites. 

DETERMINING THE ACCURACY OF 
THE MODEL

Base-Rate Probabilities

The model described above identified both 
statistical and visual analyses by which to evaluate 
the locations of Paleoindian sites relative to 
ecological and geomorphological settings. The 
next step in the process is to conduct a quantitative 
model assessment by computing a base-rate 
probability.  A total of 64 Paleoindian sites or 
isolated finds were used to develop this model.  
The sites occupy a total of 11,700 10 m x 10 m 
raster cells or land parcels, out of the 88,901,690 
total units in the entire YNP study area.  The 
base rate or a priori probability of site-present (S) 
event class was calculated as:  Pr(S) = 11,700/ 
88,901,690 = 0.0001316.

And the site-absent class (S’) as:  Pr(S’) = 
88,889,990 / 88,901,690 = 0.99987.

The event classes are mutually exclusive and 
represent all possible outcomes, i.e., Pr(S) + Pr(S’) 
= 1.  The base-rate probabilities provide “pure-
chance” probabilities for each archaeological 
event class.  With the establishment of the a 
priori probabilities for the two event classes there 
is a standard by which to evaluate the predictive 
model.  Kvamme (1992:28) states that in order to 
be considered effective a model must predict the 
occurrence of an event  with a probability greater 
than the events base-rate chance of occurrence.  
The mathematical representation of this statement 
is written as such: Pr(S|M) > Pr(S).  

Where Pr(S|M) is the probability of a site given that 
the model specifies a site.  The calculated value 
of Pr(S) is artificially lower than reality due to how 
rare known Paleoindian sites are in a majority of 
Yellowstone.  Calculation of Pr(S|M) was designed 

to be conservative due to the inclusion of all known 
site-present parcels in calculation of the base-
rate probability, Pr(S).  The base-rate probability 
was computed using only the training sample. 
Such a strategy is not optimal due to the limited 
Paleoindian site data and the need for sites to use 
in the ‘training’ of the model (see Nelson 2015 for 
this study’s training and testing tables).  Optimally, 
there would be a number of sites withheld from the 
developmental stages of the model and used only 
to assess the models accuracy and performance.  
This is mentioned here, due to the fact that the 
base-rate probability would be greater for the 
Pr(S) class and would have increased the model’s 
statistical predictive power over random chance.

Using the methodology and nomenclature, the 
results of the model can be summarized as follows:  
Pr(S) = 0.000132 and Pr(S’) = 0.9999986.

Model Assessment

Model accuracy is assessed using the methods 
described in Kvamme (1992).  Methods and logic 
for the accuracy assessment are reported below.  
The optimal modeling goal is to maximize the 
percentage of correctly classified site present (S) 
in a minimum of land area (M).  The techniques 
for calibrating the model for this goal are a critical 
component of model assessment.  

The predictive model’s accuracy is measured in 
terms of its ability to properly classify both known site 
locations and known non-sites.  Accuracy includes 
both the percentage of correctly classified site, as 
well as the percentage of correctly classified non-
sites.  The percentage of correct sites represents 
the percentage of sites (S) that are correctly 
classified within the site-present class of the model 
(M), whereas the percentage of correctly classified 
non-sites (S’) represents the percentage of the 
site-absent class of the model (M’).  These two 
measures can be described as 100Pr(M|S) and 
100Pr(S’|M’).  Additional assessment measures 
include the probability of a site occurring when the 
model predicts a site, Pr(S|M)m and the probability 
of a site occurring when the model does not predict 
a site, Pr(S|M’) (Kvamme 1988, 1992).

Output of the model classifies the landscape into 
two event classes (M and M’), yet the output of the 
regression is a probability score ranging from 0-1.  
A ‘cut-point’ in the range of probabilities must be 
established. For example, the standard cut-point is 
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0.5, meaning that any land parcel or cell value with 
a probability score of 0.5 or less would be assigned 
to the site-absent (M’) class and any score with a 
score higher than 0.5 would be included in the site-
present (M) class.  Mathematically, this relationship 
is described as: M=L> 0.5 and M’ = L< 0.5.

Where L is the decision or cut-point at which the 
range of values is divided.  Although 0.5 is the 
standard cut-point, the value can be shifted higher 
or lower based on modeling needs.  For instance, 
if the cut-point was 0.4, the percentage of 
archaeological locations correctly identified would 
increase, but an associated decrease would occur 
in the percentage of non-site locations correctly 
identified.  This is due to more land area or cells 
in GIS being included in the site-present class (M) 
as the cut-point is lowered.  Theoretically, if the 
cut-point was extremely low, for instance 0, then 
the model would accurately predict 100% of the 
archaeological sites and 0% of the site-absent (M’) 
classes.  Therefore, consideration of the cut-point 
is critical in the development of an effective model. 

The method for determining an accurate cut-point 
for this predictive model was guided by Kvamme 
(1992), who indicates that a predictive model 
should correctly identify at least 85% of the site-
present sample.  Optimally the cut-point represents 
the point at which the model correctly predicts the 
greatest percentage of the site present (S) and site 
absent (S’) classes simultaneously (Warren and 
Asch 2000).  Campbell (2006) and Kvamme (1992) 
use the graphical intersection of the (S) and (S’) 
classes to establish their cut-point, each adjusting 
their cut-point to varying degrees decreasing their 
cut-point to improve the percentage of the correctly 
classified site present (S) class.  The graphical 
intersection of the two classes in this study displays 
an optimal cut-point between 0.5 and 0.6.  Only 
after viewing the graphical intersection of the two 
classes and visualizing the possible changes in 
GIS was the standard cut-point of 0.5 was deemed 
to be adequate and therefore used in this model.  

A cut-point of 0.5 will accurately predict 88.6 
percent of known sites and 89.1 percent of non-
sites while only predicting 11 percent of the land 
area as the site likely (M) region.  The probability 
of a site occurring in the area predicted as site-
present is calculated as: 

Pr(S|M) =
Pr(S|M) Pr(S)

Pr(M|S) Pr(S) + Pr(M|S’) Pr(S’)

The probability of a site occurring in the area 
predicted as site-absent is calculated as: 

Pr(S|M) =
Pr(S|M) Pr(S)

Pr(M’|S) Pr(S) + Pr(M’|S’) Pr(S’)

Comparison of the predicted sites-present 
probability and the base-rate site-present 
probability indicates that Pr(S|M) is greater than 
Pr(S) (0.00105>0.000132), therefore the model is 
outperforming random chance alone.  

A Test of the Predictive Model 

In an ideal world, archaeological surveys would be 
conducted to evaluate the accuracy of the predictive 
model of Paleoindian site locations. In so doing, we 
would be able to determine whether Paleoindian 
sites are actually present in the predicted settings. 
Fortunately, since development of the model, UM 
conducted archaeological survey in previously 
unsurveyed areas of Yellowstone Lake and the 
Snake River. In so doing, two previously unknown 
Paleoindian artifacts were recorded at Yellowstone 
Lake and one along the Snake River.  With the 
data from these new sites, it is possible to provide 
an assessment of the model without relying solely 
on the training data used to develop the model.  
The processing and data extraction for the new 
site data follows the methods described above for 
the training data.  The two new sites occupied 36 
10 m x 10 m cells or land parcels.  The model, 
at a 0.5 cut point, correctly classified 34 of the 36 
cells and correctly classified 5,510 of the 6248 
randomly generated10 m x 10 m sample cells for 
the site absent class. 

The testing results indicate that 94.4 percent of 
the site present cells and 88.2 percent of the site 
absent cells were correctly classified at a 0.5 cut 
point.  With only 11 percent of the total land area 
being classified as (M) or site likely area. This 
indicates that the model is classifying very well.    

The comparison of the predicted site-present 
probability and base-rate site present probability 
reveals that Pr(S|M) is greater than Pr(S) 
(0.00106>0.00013), therefore the model is 
performing better than random chance.  However, 
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it is likely that there is a sampling bias that 
correlates with the recorded Paleoindian sites.  
Regardless the model is appears to be meeting 
and surpassing all the modeling goals mentioned 
above.  Further results indicate that the probability 
of finding Paleoindian cultural materials in the 
area predicted as site present is Pr(S|M)/Pr(S)= 
0.00106/0.000132=7.992 times more likely 
than pure chance, which is a very significant 
improvement.  Also, the probability of there being a 
site located in the area predicted as site absent is 
roughly 125 times less than the probability of a site 
in the area predicted to have a site.  About 0.00084 
percent of the locations in M’ will contain a site. 

SUMMARY AND CONCUSIONS

In this paper, we prepared a GIS predictive model 
of Paleoindian site locations in Yellowstone 
National Park. Terrace edges and proximity to 
water, confluences of streams, and forest edges 
all were given high probability for containing 
Paleoindian sites. Subsequent field testing of the 
model yielded Paleoindian artifacts in predicted 
locations, indicating model robustness. The model 
assessment results indicate a significant increase 
from a random classification and, thus meet the 
standard set forth by Kvamme (1988, 2006). Test 
results indicate that this model will produce better 
than chance results at minimum and substantial 
improvements over the chance probability at 
best.  Having surveyed a number of regions inside 
YNP, we feel that the model accurately predicts 
aspects of the environment that are common for 
Paleoindian sites.  

The relationship between Paleoindian sites and 
moderate values of slope was not intuitively logical 
at first; however, we quickly realized that many 
Paleoindian artifacts are found very near eroding 
terraces or embankments.  Therefore it is likely 
that these terrace/slope edges, combined with the 
other variables are more likely to yield Paleoindian 
artifacts then pure chance alone.  At least from 
our experience in surveying more than 4,000 
acres in Yellowstone, edges of terraces/slopes are 
excellent locations to look for Paleoindian sites 
in the GYE. Unfortunately, the erosion of terrace 
edges is common in Yellowstone, often resulting 
in artifacts of all ages on the slopes below terrace 
margins. 

The model also shows that Paleoindian sites are 
more closely associated with areas of low relief 

(e.g., relief 600 m, 300 m, and 150 m), as well as 
stream and river confluences, confluences with 
lakes, streams and rivers, distance to perennial 
streams, distance from glaciofluvial terraces and 
plains and distance from glaciated rolling uplands.  
These all seem relatively obvious, but if one was to 
look at the landscape of all of Yellowstone National 
Park, it is clear that areas with these types of 
values coincide with a very small portion of the park 
(Fig. 5).  Finally, the lower the values in distance 
to shrub and herbaceous vegetation, as well as 
distance to forests, indicate that Paleoindians 
preferred to establish sites at the ecotone between 
grassland and forest due to the abundance of 
diverse resources.  

As discussed above, we encountered a major 
issue with mapping lithic raw material sources 
within the current GIS model. The geography of 
the stone sources posed two major problems: (1) 
the precise geographic extent of the respective 
sources have not been adequately mapped as 
data layers; and (2) several of the key sources of 
stone utilized by hunter-gatherers in Yellowstone 
are located outside of the geographic limits of our 
model. Despite these two major issues, the first 
author attempted to include a lithic source data 
layer in early iterations of the model. After running 
several iterations of the model which included 
rough approximations of the lithic source location 
boundaries, it did not regularly return effective 
site predictions. This may have been due to the 
two issues discussed above; alternatively, hunter-
gatherers did not consider lithic source locations as 
an important criteria for site placement. If so, that is 
an interesting conclusion worthy of future study as 
well. Future operation of the model will hopefully 
include a data layer with accurate boundaries for 
lithic sources; however, if it is included, the entire 
model will likely require a geographic expansion 
to encompass the toolstone catchment area. 
Unfortunately, this task was well-beyond the scope 
of the current paper. 

Visual analysis uses the environmental and 
geomorphological variables to model potential 
areas to survey for Paleoindian sites. High 
probability areas identified in this study include, 
in no particular order: (1) the Yellowstone River, 
south and north of Yellowstone Lake; (2) the 
Yellowstone River, south and north of the Grand 
Canyon; (3) the Gardner River near its confluence 
with Obsidian Creek (southwest of Sheepeater 
Cliff); (4) the Lamar River near its confluence 
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with the Yellowstone River; (5) some portions of 
the Snake and Lewis Rivers with low relief (e.g., 
lacking steep canyon walls); as well as (6) the 
entire area surrounding Obsidian Cliff, including 
the Obsidian and Solfatara Creek valleys (Fig. 5). 

Two areas of high probability that have experienced 
little prior study include: (1) the far west-central 
edge of the park—along the Madison River near 
West Yellowstone, Montana; and (2) the far 
southwestern corner of the park along the tributary 
streams of the Upper and Lower Henrys Forks 
of the Snake River in Idaho. Our model predicts 
that archaeological surveys in these areas would 
identify additional Paleoindian sites. 
The model potentially biases results towards the 
areas of prior archaeological survey, including 
river valleys, highway corridors (~former trails), 
and lakes.  Of note, very few surveys have been 
conducted on high-ridgelines or higher elevation 
meadows where some Paleoindian artifacts have 
been found in close proximity to the park (Haines 
1963; Lee 2011).  

This paper’s predictive model could only have 
been completed using the power of Geographic 
Information Systems. The calculations required 
for over 88 million cells for one layer alone 
seems be unfathomable.  In total, the sixteen 
variables created 1,422,427,040 values for the 
environmental variables alone.  The analytical 
and storage properties of GIS combined with the 
visualization capabilities make it a fundamental 
tool for all archaeologists.

The results of predictive models, such as ours 
presented here, can sometimes be explained as 
intuitively logical. Therefore, a follow-up question 
becomes: why bother? The visual representation 
of intuitively logical thought-processes is always 
valuable, especially when intuition often is reliant 
on faulty information that can lead to problematic 
intuitive predictive models. Quantification of 
the prediction through statistical analysis and 
geographic information systems maps provides 
clear and concise locations predictions for sites 
in relation to known environmental variables. 
While intuition on site locations can often prove 
fruitful, the application of GIS models such as 
this one paints a much more accurate picture 
of potential Paleoindian site locations than any 
intuitive model could hope. Our study, based on 
Nelson’s (2015) thesis, provides an initial step 
toward understanding Paleoindian land-use and 

settlement patterns in Yellowstone. We hope to be 
able to further test the accuracy of the model in the 
future by conducting field surveys in both high and 
low value areas, both within the park proper and 
beyond its borders. As noted above, we also hope 
to incorporate a lithic raw material source layer to 
better evaluate the role of toolstone in Paleoindian 
site placement. 
By all means, this predictive model should be 
considered a first step. The model could be 
improved through the identification of additional 
Paleoindian sites, especially in areas not subjected 
to prior surveys. 

We recommend that YNP conduct surveys in 
previously-unstudied areas to increase the 
robustness of the predictive model, including the 
areas suggested above. Ultimately, the variables 
considered in this model, including both the site 
locations and the ecological categories, could be 
used to push the model’s predictive capabilities 
beyond Yellowstone National Park. Archaeologists 
in immediately adjacent areas to the park in 
Montana, Wyoming, and Idaho could use the model 
to predict Paleoindian site locations in areas under 
their jurisdiction. Certainly, it would be interesting 
to apply the model without any knowledge of prior 
site locations and see if the model accurately 
predicts site locations in areas outside of the park.  

This model is an attempt to quantify the cultural-
ecological relationship for Yellowstone National 
Park.  The model was created in hopes that it 
would assist future researchers hoping to better 
understand our knowledge of Paleoindians use 
of Yellowstone National Park and, hopefully, the 
Greater Yellowstone Ecosystem as a whole.  In 
addition, we hope that the data used to create this 
model will aid in the production of more accurate 
and methodologically-sound models with even 
more predictive power.  
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