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Abstract

This dissertation examines the practice of archaeological predictive modeling.
The focus in regards to predictive modeling is on two main areas — predictive modeling
methodology and the predictor variables employed.

Two predictive modeling methodologies are tested using the same set of data.
Two cultural-environmental models are created, one using the CARP methodology (Dalla
Bona-1994a, b), and the other employing logistic regression. This allows for the
comparison of two distinctly different approaches to predictive modeling.

The test of predictor variables is accomplished through the use of environmental
data (slope, aspect, distance to lakes/rivers and tree type) in tandem with cultural land-use
data (vegetative, earth, local, faunal, ceremonial and industrial resources, trails, and place
names). Economic variables (moose and woodland caribou habitat) are also employed.
The test of predictor variables is done through the creation of three models using logistic
regression: 1) a cultural-environmeﬁtal model, 2) an economic model and 3) a cultural-
environmental-economic model.

Each of these models is evaluated using a set of tools: 1) a survey statistic; 2) the
Kolmogorov-Smirnov s(fatistical test of significance and 3) the gain statistic (Kvamfne
1988a). This allows for an assessment of each of the models’ predictive efficacy, and
therefore an evaluation of the predictor variables employed in the creation of those
models.

This assessment allows for comment on the implications of this research for
anthropology, for archaeology and predictive modeling, for First Nations communities

and for resource  companies and  cultural resource = management.
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Chapter 1 Introduction

1.0 Introduction

There are several reasons for archaeologists to develop and critically examine the
use of archaeological predictive models (APM). APM has had an immense impact on the
field of Cultural Resources Management (CRM) in North America. Natural resource
extraction activities in North America, such as forestry operations and mining, impact
large areas of land. Often these areas have had little archaeological work done in them
and very little is known about the heritage resources that may be present. There is a very
real danger that heritage resources will be heavily impacted by development. Predictive
modeling can be used as a planning tool by forestry or mining companies and therefore
provide a measure of protection to these resources.

European archaeologists have resisted the use of APM, despite its active
development in North America. The reasons for this are likely twofold. First,
archaeologists in the United Kingdom especially and in other regions of Europe reject
APM on the basis that it is environmental determinism cloaked in scientific methodology.
Second, archaeology in some European regions is heavily skewed to historic sites, and
hunter-gatherer archaeology is not as widely practiced. APM is thought to Be much more
effective in predicting hunter-gatherer site locations, rather than the site locations of
complex societies. It is hoped that by the development and critical assessment of APM
that these concerns can be addressed and what is a potentially powerful archaeological

tool can gain greater acceptance.
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Another reason to examine APM can be found in the literature on predictive
modeling. In reviewing the archaeological literature, it is apparent that modeling
practices had become stuck in a proverbial “rut”, with many of the same environmental
variables reappearing in modeling studies time and time again. For the last twenty years,
since the landmark publication of a volume of papers in early predictive modeling work
(Judge and Sebastian 1988), the literature has been filled with articles by archaeologists
explaining their own approach to prédictive modeling, but generally using similar
techniques and variables. Modeling has become a process of repetition, rather than
experimentation. While existing models seem to work and be able to predict
archaeological site locations, new variable types are not being investigated. This research
proposes significant new variables reviews their efficacy while also reviewing the

relative worth of different types of model.

1.1 Questions to be Addressed in this Research

This research has resulted in the creation creates four models to predict site
locations of boreal forest hunter-gatherers. Two of the models are created using cultural
and environmental variables: one using the method first proposed by the Centre for
Archaeological Resource Prediction (CARP) (Dalla Bona 1994a, b) and the other using
logistic regression. The third model focuses on economic variables in creating a
predictive model using logistic regression and the fourth is a model which combines
economic, cultural and environmental variables to make predictions. The creation of
several models allows for examination of several aspects of modeling, modeling

methodology and model variables. The creation of two parallel cultural/environmental
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models (one using logistic regression and the other using the CARP method) allows a
critical examination of these two methods of making archaeological predictions. Logistic
regression is used more widely in the cultural resource management (CRM) induétry but
requires software outside of the GIS program to be employed to complete the work. The
CARP-style model is a much simpler method but is not a true weighted value method; the
problems with this method are addressed in section 8.6.

Second, the creation of models using different sets of predictor variables, either
cultural, economic or environmental, will provide a test of the relative merits of these
predictive variables. Most predictive models rely on environmental variables; this
research will examine other variables available for prediction, and assess how effective
those variables are in predicting site location.

The economic model will provide an indirect test of optimal foraging theory,
especially central place foraging. The assumption made when adopting economic
variables is that economic decisions influence site location. If this is true, then site
location in the target region employed in this research should be correlated with
economic factors, such as the suitability of habitats for woodland caribou and moose.

Finally, this research tests the effectiveness of general ecological models of
cultural behaviour as well as the relative merits of environmental/cultural and economic
models. Furthermore, the research will test basic principles of cultural ecology at a time

when many anthropologists are in the process of revising and updating this paradigm.
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1.2 Chapter Outline

Chapter 2 introduces APM. The chapter discusses different approaches to
predictive modeling and elements that must be considered in creating a model. Major
criticisms of current predictive modeling practices are reviewed. Alternative data sources
for predictive modeling are also discussed, particularly, traditional land-use information
from First Nations communities. Problems and concerns with the use of these data are
detailed in this cHapter.

Chapter 3 focuses on optimal foraging theory. Optimal foraging theory provides
a series of models that allows scientists studying the foraging behaviour of an organism
to make predictions about what the organism should eat, where it should look for food,
how long it should look for food in a single location and where to locate themselves in
relation to resources. While this method was developed. in biology, ultimately stemming
from microeconofnic theory, it has been applied to human foragers by anthropologists
and archaeologists. A brief review of some of these applications is conducted. The
premises of optimal foraging have been criticized, however, and these criticisms are
reviewed.

The APM created in this research are used to predict site locations for boreal
forest hunter-gatherers. Hunter-gatherers of the boreal forest are discussed in Chapter 4.
General theory on the nature of hunter-gatherer spatial and social organization is briefly
reviewed, before a more detailed review of the spatial and social organization of boreal
forest hunter-gatherers. The role of acculturative change in traditional communities and
the effect that it might have on our knowledge of boreal forest pre-contact peoples is also

reviewed.
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Chapter 5 introduces the archaeological dataset employed in this research,
including: physiographic setting, the time periods of interest and the archaeological sites
under investigation. The boreal forest is the physiographic setting of the study area, and
it is described in the chapter. The APM are restricted to the late pre-contact period, for
reasons discussed in Chapter 5. The culture-history of that period is also discussed in
chapter 5.

Laboratory and field methodologies used for this research are detailed in Chapter
6. Laboratory methods include information on data collection and preparation. The
computation methods used to create the models are detailed in this chapter, as are the
methods used to evaluate the predictive power of the models created. The field methods
section recounts the fieldwork undertaken in the summers of 2000 and 2001 to test and
validate aspects of the models.

Chapter 7 presents the four APM models created. It also evaluates their
predictive power, using both the pre-existing archaeological database (i.e. the modeling
database), as well as the new sites discovered from the surveys of 2000 and 2001 through
the use of the evaluation tools discussed in chapter 6.

Chapter 8 discusses the questions addressed by this research, and evaluates the
APM models.

Chapter 9 offers suggestions as to the benefits of this research. It points out how
this research contributes the advancement of method and theory in APM. The chapter
discusses the usefulness of APM to forestry companies, with regards to the use of APM
as a tool in the planning process of forestry management practices. Finally, the benefit to

the community involved (Hollow Water) is examined.
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Chapter 2 Archaeological Predictive Modeling

2.0 Predictive Modeling

Predictive modeling has become a tool of the cultural resource manager
(Carmichael 1990: 216). Most academic journals regularly contain articles reporting on
predictive models and, sometimes vociferously, debating their merits. In archaeology,
predictive models are designed to predict the location of sites or materials in a region,
based either on a sample of the sites in the region or on theories of human behaviour
(Kohler and Parker 1986: 400). They are tools for projecting patterns or relationships
between known archaeological resources and their settings into areas in which those
patterns and relationships are unknown (Warren and Asch 2000: 6). All predictive
models are composed of three elements: 1) available knowledge or a body of information
from which a model is derived (i.e. the archaeological database), 2) the method(s) used to
transform this information into predictions (i.e. the predictive modeling methodology)
and 3) the predictions themselves (i.e. the predictive model) (Warren 1990a: 91-93).

In theory there are two types of APM. The most widely adopted nomenclature
refers to the models as inductive or deductive (e.g. Kamermans and Wansleeben 1999;
Kohler 1988). Various authors have proposed alternative nomenclatures, but for the sake
of consistency, the terms inductive and deductive will be employed in this research. No
matter what nomenclature is adopted, in practice the distinction between these two types
of model is often not so clear (Kamermans and Wansleeben 1999: 255). Researchers
often borrow precepts from both types of model, producing hybrids of the two types.

This hybridized approach offers the significant benefits of each of the approaches while
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minimizing the weaknesses. The strengths and weaknesses of inductive and deductive
models are discussed below. It is truly inaccurate to refer to APMs as either inductive or

deductive, as models are usually neither purely inductive nor deductive in nature.

2.1 Inductive Modeling

Inductive models make use of existing knowledge to forecast trends (Warren
1990a: 91) and have been the most populaf form of predictive modeling used in
archaeology (Dalla Bona 1994a). Inductive models have been variously named: intuitive,
or associational (Altschul 1988), empiric-correlative (Kohler and Parker 1986) and
correlative (Church, et al. 2000; Marozas and Zack 1990; Sebastian and Judge 1988: 4).
These models are probably best regarded as correlative. In general, inductive models
seek correlations between known archaeological site locations and features of the modern
environment. The approach is analogous to pattern recognition procedures in remote
sensing image classification (Kvamme 1992: 20). Most of the variables employed in
inductive models recur, such as slope, aspect and distance to water (Kvamme 1985: 218-
219; 1992: 25-27, Kvamme and Jochim 1989: 5-6). When choosing variables,
archaeologists tend to prefer variables that are related to site locations, but not correlated
to each other (Rose and Altschul 1988: 185). This preference for non-correlated
variables often poses practical problems. For example, slope and aspect are both
derivatives of a digital elevation model (DEM), which describes the elevation of the
environment, and therefore are correlated. Additionally, other DEM-derived variables

are often employed in the inductive modeling process, such as topographic prominence,
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viewsheds and hillshade. So, while there is a stated preference for related, but
uncorrelated, variables, this is seldom realized in practice.

The main assumption made in this type of modeling is that non-cultural aspects of
environment are good predictors of site location (Marozas and Zack 1990: 165). These
non-cultural aspects of the environment tend to be components of the physical
environment (Kamermans and Wansleeben 1999: 225; Kohler 1999: 37). Most often,
modern environmental variables are used in the model as proxy variables. Therefore, one
cannot say that a location was chosen because it was close to water or associated with
certain types of vegetation, but rather that sites tend to co-occur with those modern
features of the environment. Predictive modeling could be done with paleoenvironmental
reconstructions for time period slices, but to date, this has not been done, as it increases
the complexity of the modeling process and the amount of data required to create the
model.

The tendency for archaeological sites to recur in particular environmental settings
has been a staple of “archaeological gut instinct” for many years (Kuna and
Adelsbergerova 1995; Warren 1990b: 201; Warren and Asch 2000), so in a sense
predictive modeling can be seen as a formalization of the “gut instinct”. Inductive
modeling takes an essentially cultural-ecological view of human settlement systems
(Kohler 1999: 32; Wheatley 1993: 133). This means that there is a focus on the
relationship between cultures and their environment and that environment is an important
determinant of cultural behaviour. This has led some authors to criticize inductive

modeling as “environmental determinism” (e.g. Gaffney and van Leusen 1995).
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The unit of analysis in inductive modeling is the land parcel, not the site (Warren
1990a: 94). Focusing on the land parcel allows the GIS to use a raster data structure. In
the ArcView environment the raster data structure is referred to as a “grid”. Raster data
environments offer many advantages, such as allowing the easy overlay of sepafate layers
of data (Burrough 1986: 36). In ArcView, it is necessary to use raster data layers, or
“themes”, in order to use map algebra procedures, which are crucial to the completion of
a predictive model. Focusing on the land parcel also allows some framework for the
predictions to be made, in that the parcel then holds the predictive value. Therefore, the
selection of an appropriate land parcel unit size is an important step in the analysis. If a
parcel is too large, then the landscape becomes too generalized. If a land parcel is too
small, millions of calculations will have to be done to complete the model.

Two main approaches to construct an inductive model are identified in the
literature: the intersection method and thé weighted value method. The intersection
method is the simpler of the two methods; it looks for areas where all of the desired
environmental variables intersect (Dalla Bona 1994a). The number of intersec;,tions
becomes the determinant of the land parcel’s predictive rank. This method is extremely
simple and suggests that all factors are equally influential in the prediction of site
locations. This may not always be the case, where some factors might have more weight
in the prediction of site locations.

The weighted map layer approach has been the most popular, as it allows
archaeologists to weight the predicting variables. It makes use of categorical or class-
based map layers, wherein each variable is assigned a variable weight, which indicates its

predictive strength (Brandt, et al. 1992: 271; Dalla Bona 1994a). One of the major
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weaknesses with this method is that by simply changing weights, exponentially different
results may occur (Brandt, et al. 1992: 271). Therefore, the process by which the weights
are determined is crucial. One of the ways that weights can be determined is through the
use of multivariate statistical procedures, such as logistic regression (Parker 1985).
Logistic regression is a procedure which considers the influence of several variables
simultaneously on a response variable. In the case of APM, the response variable is site
location. Kvamme (1990) pfoposes using one-sample statistical tests to examine the
relationship between environmental variables and sites. In this method, the background
environment is treated as a control, and statistically significant differences between the
distribution of environmental features between sites and the background environment are
sought (Kvamme 1990). For continuous variables, such as slope, aspect or distance to
water, the Kolmogorov-Smirnov Goodness-of-Fit test is used (Kvamme 1990: 370). The
Kolmogorov-Smirnov test offers two distinct advantages: 1) the data need not be
normally distributed and 2) it is an exact test. However, it also has a number of important
limitations: 1) it only applies to continuous distributions and 2) it tends to be more
sensitive near the center of the distribution than at the tails. In the case of the variables
employed in this research, the distributions are continuous, in that the variable can take
any value within the range of variation. An examination of the distribution of each of the
variables used in the prediction shows that there are cel