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EXECUTIVE SUMMARY

The theoretical and applied aspects of conducting archaeological predictive modelling are a
relatively new field within archaeology. It has its basis in studies conducted during the
1950s and 1960s but gained prominence during the late 1970s and 1980s and coincided
with a surge in cultural resource management in the United States. During the 1980s the
development of geographic information system (GIS) technology resulted in its integration
in archaeological predictive modelling. Predictive models developed to date are either
inductively or deductively derived. Inductively-derived models are dependent upon a data-
base from which to generate models and thus, are subject to any biases existing in the
database. Deductively-derived models begin with theories predicting human behaviour.
While deductive models better encompass the range of human behaviour, they suffer from
changing interpretations and theoretical viewpoints. Two main directions are taken in the
development of a predictive model: the numerical approach and the weighted value ap-
proach. The numerical approach makes use of statistical methodology to discover associa-
tions among archaeological sites and characteristics of the physical environment. Within
these paramters, models are physically generated by either an intersection or weighted value
method. The intersection method begins with the basic assumption that all variables used
in the generation of a predictive model contribute equally to the determination of site loca-
tion potential. Calculating high, medium, low potential areas is simply a process of deter-
mining where the the greatest number of variables that converge in a given location. The
weighted value method begins with the basic assumption that each variable contributes
differently to the final determination of site location potential. This is accomplished by
developing and applying a weighting scale which effectively ranks variables numrically.
Site potential is determined by the arithmetic addition of all variables. Areas of high poten-
tial will have the largest numeric values and areas of low potential will have smallest nu-
meric values. During the development of a predictive model, a number of issues must be
considered. These include the representativeness of the variables to that being modelled,
the quality of databases consulted, the scale at which modelled should take place and the
manner in which potential is presented. Predictive modelling is presented as a three stage
process. Primary stage predictive modelling includes hypothesis development, organiza-
tion and data collection. Secondary stage modelling includes initial model development
and testing and is the stage where most predictive models stop. Tertiary stage modelling
includes continued application of the model and ongoing refinement. Ideally, tertiary stage
modelling is a never ending process whereby lessons learned from previous model applica-
tions are incorporated into new and future applications maintaining or increasing the pre-
dictive robustness of the model.

The introduction of geographic information systems into archaeological research had two
profound results. The first was that the application of research approaches such as predic-
tive modelling could now be effected over relatively large areas. Secondly, the use of
geographic information systems allowed for the uniform analysis of large areas. Concur-
rently, the use of GIS introduced a range of considerations not traditionally a part of ar-
chaeological research. Issues surrounding digital data, cartographic theory, and general
data integrity became an integral part of research design and strategy.
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REVIEW OF PREDICTIVE MODELLING
AND ARCHAEOLOGICAL INFERENCE

1.1 INTRODUCTION in an effort to understand the processes in-
herent in settlement systems in the Vira Val-
Predictive capacity without explana- ley in Peru. On the whole, Willey was suc-
tory capacity is worthless. Mere cessful at developing settlement pattern ar-
clairvoyance irrespective of its sharp-  chaeology, and his work provided the stimu-
ness, does not have scientific stand- lus for other settlement studies to be con-
ing. Only predictive capacity that ducted. Resulting publications by Willey
arises out of having coherent and (1956), Willey et. al. (1965), Chang (1968)
communicable explanations has sci- and Adams and Nissen (1972) established
entific standing. The power to pre- studies of settlement patterns as a valued re-
dict is subsidiary to the power to ex- search methodology within archaeology.
plain (Liebenstein 1976:13 in Kohler  Settlement pattern studies were further re-
and Parker 1986:397). fined and used by archaeologists to conduct
catchment analyses (Vita-Finzi and Higgs
Predictive modelling is an avenue of researct®70), interpret social and technological
within archaeology that has gained promiehange at the regional level (Adams and Nis-
nence over the past two decades. Predictisen 1972), while others focused on the envi-
modelling for archaeology is defined as a ronmental determinants of settlement loca-
tion (Haury 1956; Heizer and Baumhoff
... simplified set of testable hypoth-  1956; Williams 1956).
eses, based either on behavioral as-
sumptions or on empirical correla- Throughout much of the 1950s and 1960s,
tions, which at a minimum attempts  archaeologists operated within an inductive
to predict the loci of past human ac- framework where research into settlement
tivities resulting in the deposition of  patterns was based upon little or no theory.
artifacts or alteration of the landscape Haggett et. al. (1965) provided a more solid
(Kohler 1988:33). grounding for locational theory to archaeolo-
gists by introducing many relevant concepts
Parker (1985) sees predictive modelling asiato the discipline from geography. He in-
natural outgrowth of the theories and metHluenced a generation of archaeologists by
odologies of spatial archaeology and predi@utlining theories of settlement hierarchies,
tive modelling has become the focus of aampling procedures and hexagonal lattices
number of archaeological studies (e.g., Alle(Haggett et. al. 1965). Trigger (1968) out-
et. al. 1990; Brown and Stone 1982; Juddeed more clearly the various aspects of set-
and Sebastien 1988; Kvamme 1992). tlement patterns and offered some determi-
nants of settlement location. Concurrent re-
search in other fields of archaeology was
1.2 SETTLEMENT STUDIES beginning to emphasize the importance of
ecological variables in understanding settle-
Predictive modelling has its basis in the sethent variability (e.g. Flannery 1968).
tlement studies first carried out in the 1950s
and 1960s by Gordon Willey and other arn the decade that followed the 1960s, the
chaeologists. Willey (1953) intended to exmanner in which archaeological data w
amine archaeological data on aregional levehndled changed considerably. Many
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chaeologists adopted more systematic ap- variability in the distribution of pre-
proaches to collecting and analysing data. historic sites - settlement and limited
The use of computers allowed for the ma- activity sites... Why do we want to
nipulation of greater amounts of data, the explain site location or settlement
generation of more detailed analyses and system patterning?... The most im-
more generally, for a greater variety of ques- portant reason for explaining settle-
tions to be asked of the data by archaeolo- ment locations is that we hope to ar-
gists at the time. Studies ranged from ex- rive at tested and useful laws that can
aminations of minute differences in artifact be used by social scientists fice-
types, to macroscopic studies of ceramic dict site locations anywhere at any
variability, to studies of prehistoric culture time, including the present and the
change (e.g. Flannery 1976). These studies future (Plog and Hill 1971: 10-11,
contributed to further refinement of the level  orig. emphasis).
of detail in which settlement variability was
presented by archaeologists. The majority of settlement studies carried out

in the Americas contained more description
As a result of settlement pattern studies, thad settlement locations than explanations for
research emphasis of some archaeologiskeir specific existence. Plog and Hill (1971)
was shifting from the study of single sites toecognized the need for explanation of the
the study of regions and their archaeologic&ystem behind the settlement pattern’ but
contents. For example, following closelystrove to arrive at explanation via other av-
from the settlement studies discussed abowenues. Realizing that the explanation of set-
the Southwestern Anthropological Researdiement systems derives from an understand-
Group (SARG) set out to determine “whying of their mechanics, SARG sought to pre-
prehistoric populations locate sites wherdict unknown site locations from the princi-
they did” (Plog and Hill 1971:8). Clearly ples of the known settlement systems. Thus,
stated in this research goal was the deline8ARG'’s goals anticipated those of many ar-
tion of the “formal variability in sites, vari- chaeologists by several years. At the same
ability in temporal loci of sites, and variabil-time, much of the discipline was embroiled
ity in the spatial loci of sites” (Plog and Hillin a methodological debate concerning para-
1971:8). Indeed, settlement pattern researdigms and polemics, but several research
had turned, at least in print, from the elemerprojects that complimented the directions and
tary description of archaeological remains tgoals set out by SARG eventually emerged.
the recognition of site distribution patterning.

Plog and Hill (1971) were not the only ar-
SARG presented a detailed research desighaeologists intent upon predicting site lo-
for the study of human settlement systemsations. Although not an explicitly stated re-
They recognized that a regional approach &earch strategy, prediction as a subset of set-
studying variation in human settlement patiement pattern analysis was making its way
terns was absolutely necessary to understaimtio the archaeological literature. Perhaps
settlement systems. Previous research in ttiee first settlement pattern study designed to
American southwest concentrated primarilydentify sites using prediction was that car-
upon a few core areas and these interpretéed out in the Reese River Valley in the Great
tions were then generalized for the entire ré8asin of the American Southwest (Williams
gion. The need for more detailed and stanet. al. 1973). The authors carried out a set-
ardized investigations prompted the formaiement pattern study in central Nevada fo-
tion of SARG. Foremost among the goalsusing on winter village placement. They
outlined by the project leaders was the estated that “given the proper set of envirog-
planation of: mental conditions, [they] could successfu
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predict presence/absence of archaeologidatation of a prehistoric habitation in this
sites” (Williams et. al. 1973:215). Wantingarea.

to confirm their intuition about ‘where sites

In spite of the fact that a single

could be found’, they developed hypotheses locational criterion would not signifi-
based on those intuitions and measured their cantly restrict the spatial distributions
soundness. Variables, definitions and crite- of sites, combinations of two or more
ria used to develop their predictions were mildly restrictive criteria would

carefully outlined as follows (Williams et.
al. 1973:227):

1)The locus should be on a ridge or
saddle.

2)The ground should be relatively
flat (relatively flat <5% slope).

3)The locus should be in the low
foothills (low foothills <250 meters
above the valley floor).

4)The locus should be within the
modern pifion-juniper ecotone.
5)The locus should be near the mod-
ern pifilon-juniper ecotone (near
<1000 meters).

6)The locus should be near a semi-
permanent water source (near <1000
meters).

7)The locus should be some minimal
distance from this source (some mini-
mal distance >100 meters).

quickly reduce the number of possi-
ble locations that will fit the speci-
fied criteria (Williams et. al.
1973:234).

On a more general level, the authors con-
firmed the suspicion held by many archae-
ologists concerned with location of sites:
something acknowledged as a ‘feel’ or ‘in-
sight’ gained from intimate familiarity with
the data (Williams et. al. 1973:217). Indeed,
new archaeological insight was gained into
the prehistoric inhabitants of the Reese River
Valley regarding their choice of activity loci.
In this example, it was successfully demon-
strated that prediction could provide insight
into the explanation of the settlement sys-
tem.

At approximately the same time, another
settlement pattern study was carried out in
the British Honduras (now Belize) by Green

These criteria were not revolutionary by any1973). Drawing her methodology prima-
means. In fact, they appear to be criteria quitdy from Haggett et. al. (1965), Green mir-
obviously related to site location. What wasored the questions posed by SARG: “the
new about these criteria was their clear defanalysis is aimed at answering the question:
nition and implementation in the overall rewhy did the ancient inhabitants settle where
search strategy. If any five of the seven crthey did?” (Green 1973:279). Although the
teria were met, “the locus was recorded amuthor’s primary goal is to explain the vari-
an area of potential habitation, whether aability in settlement locations:

not cultural material was found” (Williams
et. al. 1973:231).

a corollary goal of the analysis is to
predict the location of sites in por-

The results of the research were positive. The
variables outlined above were shown to be
present at 97% of the sites in the study area
while 85% of the potential loci contained
sites (Williams et. al. 1973:233). Although
the authors acknowledged that refinements
could be made to the prediction criteria, on
the whole, they were successful. The authors
showed that no one variable determined the

tions of the region which have not
yet been explored archaeologically.
Prediction, in this case, is based on
determining the correlation between
sites and environmental features in
the known region and projecting this
knowledge to environmentally simi-
lar areas. The method can also sug-
gest locations within the study area
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which should be rechecked for the other prominent aspects of the re-
presence of undiscovered sites gional system(emphasis added)
(Green 1973:279). (1988:875).

Central to Green'’s analysis was the propodin summary, predictive modelling developed
tion that sites were located in order to minifrom studies of settlement patterns. Settle-
mize the effort expended in acquiring critiiment studies often provided data on site lo-
cal resources (1973:279). Green workecation and their distribution and it was with
with a partial sample of the entire archaedhis information that researchers attempted
logical database. The results showed a strotwpredict other, unknown, site locations. The
association between site locations, soil typést predictive models attempted to turn an
and vegetation (Green 1973:287). Also apnderstanding of specific settlement systems
parent from the study was the importance afito predictions of site location which would
proximity to navigable water. In fact, thehopefully contribute to explaining the set-
author concludes that the location of everifement pattern. The above examples of pre-
site in the sample can be explained by assgiction within settlement studies are repre-
ciation with these three variables (Greegmentative of the directions and results of re-
1973:289). Green's attempt to predict locasearch in this field of archaeology. By the
tions of undiscovered sites based upon tH®80s, researchers built upon the base pro-
above criteria met with less success than duided by settlement studies. Predictive mod-
the Reese River Valley study discusseelling became the subject of much research,
earlier. High measures of variability werébut its role in settlement pattern research di-
generated from statistical tests. Areas thatinished as it was applied more and more
were predicted to have potential for site loas a cultural resource management tool.
cation were very large and impractical for
efficient survey due to accessibility and the
nature of the physical landscape. Overall,3 PREDICTIVE MODELLING
despite some of the questions raised by
Green’s conclusions and the pioneering ndHe literature concerning predictive model-
ture of her study, the results of her attemptsg has become more extensive throughout
to use prediction to help explain the settlehe 1980s. For the most part, it has reflected
ment pattern were promising. the fact that developing a predictive model
is not as elementary as that outlined by
While some archaeologists were utilizing/Nilliams et. al. (1973). Although much of
more sophisticated analytical techniques ithe literature and examples of predictive
performing regional archaeological analysespodels is buried in government files and
many more archaeologists used analyticabnsulting reports to business, some aca-
techniques scarcely more advanced thaemic archaeologists doubt the efficacy and
Willey’s (1953) work. Peregrin’s descrip-value of prediction in archaeology (Kohler
tion of work conducted earlier in his careeand Parker 1986:396). It is seen as an ex-
exemplifies this point: pensive exercise to discover the obvious,
regarded as suspect or unreliable or being
We began by laying out the Rosario limited in value (Kohler and Parker
phase 1:20,000 map. One inch 1986:398). The concerns of cultural resource
colored beads were used to designate managers, contract archaeologists and aca-
sites by level of population, mounded  demic archaeologists have resulted in a body
architecture, specialized activities, of literature that begins to address some of
pottery characteristics, etBy stand- the issues relevant to developing a predic-
ing up on stools we could get a visual tive model (Brown 1981; Carr 1985; Kohl
impression of settlement patterns and and Parker 1986; Limp and Carr 1985; E
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and Kohler 1988; Judge and Sebastien 1988ductive models form the basis for a large
Kohler 1988; Kvamme 1988a, 1988b, 198%ercentage of predictive models developed
1990; Warren 1990). Kohler has contributetb date. Since for many areas of North
extensively to the literature of predictiveAmerica there already exist large site
modelling, both in published and unpubdatabases, their examination could provide
lished (contract/government) areas and seemendous amounts of site-related informa-
predictive modelling developing in two di-tion. In fact, these data are readily integrated
rections: that is, inductive versus deductiveito many predictive models.

modelling (Kohler and Parker 1986:399;
Kohler 1988:37), elsewhere called the
behavioral approach (Hay et. al. 1982:14).

[FJor this particular exercise the com-

puterized database (AZITE compu-

ter database) faithfully represents our

1.3.1Inductive Models current knowledge of site location...

The roots of the inductive model can be [and] contains a variety of descrip-

traced to the research conducted by Steward tive information pertaining to the en-

(1938) and Willey (1953). These archaeolo- vironment, location, cultural affilia-

gists focused their analysis at the regional tion, site function and temporal com-

level rather than at the level of the site itself. ponents... (Altschul 1990:228).

These pioneering investigations, coupled

with the increasing archaeological insistencé/hile existing databases contain a wealth of

upon representative sampling “has set thevaluable information, these data are not

tone for two decades of work in CRM and irwithout error and bias. For example, site lo-

non-CRM work” (Kohler and Parker cations may be incorrectly recorded, envi-

1986:399). ronmental information may be recorded in
too little detail, data may be missing from

An inductive model usually begins with datssome records, or information gathered by

and then builds its conclusions based up@revious researchers may differ in quality

all the biases inherent in the original data setompared to the standards of present-day ar-
chaeologists. More seriously, systematic bi-

They begin with survey data... and
then they estimate the spatial distri-
bution of the population of archaeo-
logical materials from which the
sample was drawn... Any inferential
locational model predicts only what
would have been found had the popu-
lation of space from which the sam-
ple was drawn been surveyed in the
same manner as was the sample, us-
ing the same rules for attribute cod-
ing, site recognition and data analy-
sis. Such inferential models predict
neither the systemic interaction be-
tween a cultural system and a land-
scape nor the archaeological context
resulting from it; rather they predict
what we will find and how we will
interpret it if we consistently follow
a particular set of rules (Kohler
1988:37).

ases may exist in the current site inventory.
As this biased inventory will form the basis
of the search for landscape correlates of site
distribution, the original biases will be per-
petuated into the resultant predictive model.
That is not to say that this information should
not be used; rather, it should be used care-
fully only after evaluation of its integrity as

a complete database.

1.3.2 Deductive Models

Deductive models are seen by Kohler to be-
gin with a theory predicting human behav-
iour.

The challenge for deductive models
is to build the bridge to the analytic
context from the systemic context,
which is where the outputs of the
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system can be observed. This bridge- erations are important including vegetation
building... is called explanation changes over time as well as the use of vari-
(Kohler 1988:37). ous plants for medicinal purposes.

He, with Parker, sees deductive models as From the standpoint of human adap-

encompassing three considerations.

A deductive model must:

1)consider how humans make
choices concerning location ... This
requires considering: (a) mecha-
nismfor decision making; and (b) an
endfor decision making- what is the
goal?

2)specify the variables affecting lo-
cation decisions for each significant
chronological or functional subset of
sites;

3)be capable of operationalization; it
must propose a means for measuring
each of the relevant variables and
must allow for a set of predictions
that can be compared with the ar-
chaeological data (Kohler and Parker

tation, patterns of local vegetation are
of crucial concern. Many plants
serve as primary food and techno-
logical resources as well as second-
ary resources which attract economi-
cally important animals. The distri-
bution of non-food resources, espe-
cially water and fuel, can be equally
important to settlement decisions.
Diversity is also beneficial when con-
sidering non-food resources. In ad-
dition to fuel, a variety of trees pro-
vide the raw materials for tools, uten-
sils, shelter, and weapons, pitch for
sealing seams, and fibres from the
inner bark for cordage, bags, and
nets. A variety of plants can be used
to make dyes, reeds can be woven
into mats, and clay from local stream
banks can be made into pottery.
Evaluations of topography, water,
soils, vegetation, precipitation, tem-

1986:432). perature, and availability of rock out-
crops or glacial till exposures are all

A number of interesting points can be raised important in decisions about the ad-
when considering deductive models. For equacy of shelter and the availabil-
example, environmental variables are often ity of economic resources (Schermer
considered by archaeologists to be important and Tiffany 1985:220).

in conditioning the choice of activity loca-

tion by prehistoric people. Most predictiveDean (1983:11) has pointed out that people
models make the fundamental assumptianay look for only a few clues in their sur-
that “settlement choices made by prehistorioundings when identifying and selecting ac-
peoples were strongly influenced by charadivity locations, rather than processing the en-
teristics of the natural environment” (War4ire range of environmental “cues” available.
ren 1990:202). This assumption figurest may only be these basic variables that re-
prominently in determining which environ-ally have any association with archaeologi-
mental characteristics or variables are useal sites. This raises interesting questions
in the modelling process. An examinatiombout the analysts’ choice of the proper en-
of the literature reveals some of the most baironmental variables for inclusion in the
sic environmental variables used in predianodelling process.

tive models: elevation, slope, aspect, and dis-

tance to water (Kvamme 1985; Parker 1985; Perhaps in building predictive mod-
Altschul 1990; Carmichael 1990; Warren els we are too ready to make the as-
1990). However, most researchers recognize sumption that only a complex

that a wide range of environmental consid- multivariate model can adequately
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account for human locational behav- evance and assumes that “the determination
iour, when in fact, a few (proxy?)  of resource use tends to precede and condi-
variables, observed in the highly cor-  tion the site placements and demographic
related data base that is our environ- arrangements of a hunter-gatherer group”. A
ment, may be sufficient for forming  predictive model may take into account dis-
locational decisions (Kohler and tance to resources and activities carried out
Parker 1986:433). at a location. Wood (1978:161-162) offers
the following criteria for different site types:

Support for this position lies with the fact

that archaeologists have presented success- 1)Limited activity sites will be lo-

ful predictive models using very few vari- cated so that the distance between a

ables. For example, Altschul (1990) devel- site and the resource indicated by the

oped a predictive model for the 9,000 acre activity will be minimal;

Mount Trumbell area of Arizona. There were

228 known sites in the study area that had 2)Multiple activity sites with domi-

been sampled by various agencies in the past. nant subsets of activities will be lo-

Three environmental variables were identi- cated so that the distances between a

fied which account for the majority of site  site and the matching resources indi-

locations that include elevation, slope and cated by the dominant subsets are

aspect (Altschul 1990:229-230). Altschul minimal;

concluded that in this area “over 70 per cent

of all component locations can be predicted 3)Multiple activity sites will be lo-

with just three variables” (1990:234). How- cated so that the acreage distance to

ever, Altschul does not discuss what his three all of the critical resources is mini-

variables are measuring. What are they mal.

‘proxy’ variables for? Without this informa-

tion, we are unable to discuss why sites akohler and Parker (1986:438) point out that

being found where they are nor are we abbdthough Wood’s propositions model, in a

to offer explanations for settlement systemsore realistic manner, the possible decisions

in the area. made at those locations, applying them in a

predictive sense could prove to be more dif-

Another point involves the consideration oficult.

land use choice derived from ‘habitual be-

haviour’ derived from cultural norms, tradi-1.3.3 The Numerical Approach

tions and spiritual proscriptions, rather thaim addition to the inductive and deductive

an overriding consideration of the economitheoretical frameworks, the methodological

attractiveness of a specific locality (Kohleapproaches employed in predictive model-

and Parker 1986:435 citing Wright and Dirkdéing may be separated into two different

1983). Factors related to actions having ligroups. The firstis described as the numeri-

tle archaeological visibility, such as spirituatal approach, and the second as the graphi-

influences, may have resulted in activities besal approach. The numerical approach may

ing located in less ‘typical’ locations. Choicebe considered a direct outgrowth of the em-

of activity location may also be the result ophasis placed on the statistical analysis of

historical events that override environmenarchaeological data since the early 1970s.

tal considerations. Other criteria have bedpredictive models using the numerical ap-

recognized by archaeologists to be importaproach employ multivariate statistics as a

in choosing activity location. Flannerydiscoverytechnique to identify associations

(1976) and Reynolds (1976) discuss sociaimong variables which ultimately lead

factors that condition site placement. Jochimredictions of areas with archaeological

(1976:12) details criteria of economic relsources.
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This approach makes a number of primary is also important to recognize that the
assumptions that are crucial to the validitphysical and cultural environment has
of the model. The first relates to the naturehanged over time, and these changes may
of the sample. Because statistical methottave affected the choice of activity location
ology discovers meaningful associationthrough time. Kohler and Parker state that

among variables from known site informa-
tion, it is important that the known site in-
formation is representative of the actual sites
that exist.

Probabilistic designs are of little use
if the population sample is not the
same as the population across which
predictions are to be made (the tar-
get populations)... As one practi-
tioner remarks, ‘[We] cannot make
inferences about the archaeology of
verdant grasslands with good inter-

... despite numerous studies in di-
verse areas indicating change in site
location through time in response to
changes in adaptation type, and de-
spite evidence that within any adap-
tation type, functional subsets of sites
may have differing environmental
determinants, most empirical correla-
tive models aggregate sites of all
types and ages together for predic-
tion (1986:408).

mittent and permanent streams from Models developed using the numerical ap-
a sample restricted to scoria ridge proach rarely address temporal considera-
tops, badlands and breaks’ (Peebles tions. Some researchers opt to avoid the is-
1983:8) (Parker 1985:406). sue of ‘time’ and develop a generalized
model,such as that generated by Lewis and
Roper echoes this view in her comments ddurphy (1981). Other researchers do not
a predictive model developed for the Vermilavoid ‘time’ as a variable, rather it is sug-
ion River/Embarass River region of lllinois:gested that discernible patterns of human
behaviour cross-cut considerations of time.
This perspective is discussed by Kvamme
(1992:23).

Methodologically, multiple regres-
sion should eventually be a valuable
predictive tool but its use with the

poor data available for east central
lllinois is unwarranted. The discri-
minant function analysis at the end
of the report is an interesting idea,
but I wonder if it is really describing
where sites are located or where peo-
ple have intuitively felt they should
be and have therefore looked for
them (Roper 1981:149).

Thus, users of predictive models derived
using the numerical approach must carefully

By associating sites representing
many different functional, chrono-
logical, and cultural types into a sin-
gle open-air class, a great deal of
locational variability is introduced to
the modeling problem, thereby re-
ducing the potential power of the re-
sult. Nevertheless, itis believed, and
it has been elsewhere shown (e.g.,
Kvamme 1985, Kvamme and Jochim
1989), that there are common
locational tendencies that may cross-

evaluate the nature of the existing database. cut functional categories, such as

In addition to a very careful examination of

preferences for level ground or prox-

the representativeness of these data, an as-imity to water.

sessment must be made as to whether known

site locations reflect the actual distributiori-ew researchers have developed models ap-
of archaeological sites, or simply reflecplicable to specific time periods (e.g. Lewi
where archaeologists have conducted theand Murphy 1981). The reasons for this
surveys (e.g., Acheson and French 1992).not clearly presented in the literature. In f
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there seems to be a fixation to create area. To perform the desired func-
modelto explain everything as if one magic tions, such a model must allow one
set of variables could predict all site types to state the probability that a particu-
in all time periods. At one level, itis recog- lar geographic unit in the area would
nized that many different factors influenced have been selected for the location
site location through time just as different of a site. Such a model may be in the
factors influenced the location of different form of a prediction equation in
site types. Perhaps controlling for many fac- which the dependent variable is site
tors including changes in physical geogra- presence/absence and the independ-
phy, climate, flora and fauna, cultural groups ent or predictor variables are the bio-
and technology proves too formidable atask physical variables (Parker 1985:176).
for archaeologists working under tight budg-
ets and/or strict mandates. Whatever the reRarker’s primary means of discovering as-
son, the majority have developed predictiveociations between variables and site loca-
models that encompass all prehistoric timiéons is multivariate statistics. Two basic data
periods and all site types. collection methods were employed. First,
biophysical data were collected from United
Another consideration relates to the choic8tates Geological Survey (USGS) 7.5 minute
of variables, and the detail with which infor{topographic maps to provide the independ-
mation will be selected and manipulatedent or predictor variables for the entire Sparta
The choice of variables is determined by tharea. Secondly, a field survey was conducted
nature of the predictive modelling projectfo provide data about site presence/absence,
the type of data available, the nature of thiae dependent variable (Parker 1985:182).
study area, and other considerations. Parkéne model was evaluated using a number of
(1985) describes two characteristics of vardifferent tests: observed vs. predicted site
ables used in predictive models. The firsfrequencies, cross-validation tests, and field
site-focused data, all require measuremetdsts. Overall, Parker (1985:198) demon-
at the site level. Examples of site-focusestrates by these tests her “confidence in the
data include distance to water, vegetation analidity of the model”.
slope. The second characteristic, and the one
Parker suggests is commonly employed, iBhe numerical approach is certainly a valu-
guadrant data. These are data that are gale method which can lead to the discovery
eralized from survey quadrants. In somef significant associations between site lo-
cases, where a high resolution model is beations and variables. However, it is an ap-
ing developed, quadrant data may closelyroach which requires a high degree of sta-
resemble and augment site-focused data. tigtical training and competence in order to
other cases, where coarse resolution modelsvelop the model, interpret the results and
are developed, the quadrant data may gengalidate/replicate the results. Invariably, with
alize the study area to the point where thibe results of the model presented in a nu-
data are less meaningful than is preferrederical table outlining the associations be-
(Kohler and Parker 1986:408). tween variables and sites, a great deal of in-
terpretation is required to relate the results
An example of research using the numericéb ‘on-the-ground’ locations. Roper, com-
approach is Sandra Parker’s Sparta Minmenting on a specific predictive model, and
predictive model. In this study, Parker aimsummarizes some deficiencies of the numeri-

to cal approach.
...develop an explanatory model re- While the authors make a reasonably
lating site locations in an area to the good start at such, they fail to pro-

biophysical characteristics of that duce a satisfactory end product be-
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cause of naive use of statistics. They
begin with cross tabulations of vari-
ables... cross tabulation of each vari-
able with each other variable is not
an efficient use of statistics, and does
not discern those variables that do or
do not have predictive power. Fur-
ther, this report declines to summa-
rize those statistics into a meaning-
ful interpretation (i.e., predictive
model) of site location patterns;
rather, it assumes that the tables will
speak for themselves. The text re-
flects neither a good understanding
of statistical analysis nor an ability
to employ statistics in interpretation
of archaeological data (Roper

This approach also involves the development
of predictive models using environmental
variables, but differs from other approaches
in using a graphical methodology using map
overlay techniques. This technique is pri-
marily achieved using computer software
such as geographic information systems
(GIS). The different variables are repre-
sented on separate computer map layers, and
these map layers are combined in ways that
identify areas spatially associated with val-
ued landscape characteristics. Different
combinations of variables give rise to vari-
ous stages of the predictive model. Finally,
apparent associations between variables and
sites are evaluated using statistical tech-
niques. With this approach, statistics are not

1981:150-151). used as a means discoveringassociations
during model development. Instead, statis-
Roper’s criticism of the above model does$ical techniques are used as a mearsalii-
not invalidate the use of statistics as a meaating the strength of association between
for developing predictive models. In factyariables and sites after the model is applied.
the development of predictive modelling is
coincident with the use of advanced statistiAn example of this graphical approach is the
cal techniques. However, despite the susodel developed for the Mt. Trumbell area
tained use of statistics in archaeology, thewd northern Arizona. Jeffrey Altschul began
are still those, including some developers dhe study by asking cultural resource man-
predictive models, who are familiar with onlyagers if modelling was a useful tool for their
basic statistical procedures and tests. Tispecific needs. He discovered that what
use of multivariate logistical regressions re-
quires an advanced level of understanding
of statistical theory and techniques. Accept-
ing the validity of a model like Parker’s re-
quires a tacit acceptance of the calculations
and results presented. Verification and/or du-
plication of the methodology might prove
daunting to some archaeologists who may
ultimately accept the results primarily on
faith. This may contribute to the statistical
approach not being the choice of some déa other words, in some jurisdictions data has
velopers of predictive models. Thus, whildbeen amassed at such a rate that information
the statistical approach is still used to genemanagers cannot adequately cope with it.
ate valid predictive models, other model®redictive modelling becomes useful as a
utilize different approaches. means of aiding the identification of land-
scape variables that are consistently corre-
1.3.4 The Graphical Approach lated with known site distributions. These
The second methodological approach usexrrelates offer a means of organizing the
in predictive modelling research developeéxisting database, and identifying presently
as a consequence of technological changesinvestigated localities which have a hi
that have taken place since the early 198Qsobability of containing sites similar to t

...managers need to know is where
the ‘red flags’ are...what is needed
are not models predicting the un-
known, but rather models that bring
some order and direction to the huge
databases that have been, and are
continuing to be, amassed (Altschul
1990:227).
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presently known sites. In essence, this is noient land use that are not immediately ap-
investigating the unknown, rather it is merelyparent in the current heritage resource inven-
investigating more of the same, onlytory. This will result in an ongoing refine-
focussing on areas not yet field surveyednent of what appears to be of ‘low poten-
This can be viewed as modelling existingial’ for containing archaelogical sites.
assumptions and expectations. To predict the
unknown, implies and requires that archaesites in settings presumed to be anomalous
ologists step outside what is ‘expected’ andccording to conventional wisdom, by defi-
employ a modelling rationale that does natition, must be the result of behaviour that
build exclusivity into its results. From itsdoes not fit current explanations of why pre-
very inception, this type of modelling ap-historic inhabitants settled where they did.
proach necessarily will consider all possibl&nder any definition, these sites must be sig-
options allowing areas to be excluded besificant, for they more than any others have
cause of the manner in which variables irthe potential of telling us something new
teract. about prehistory (Altschul 1990:228). Ad-

ditionally, as more anomalies are identified,
With these red flag models, Altschul takepatterns may emerge, become predictable
an entirely different approach from previousind therefore are no longer anomalous.
orientations. While valuable, this approacihose sites whose locations remain anoma-
has weaknesses. The predictions generateds become the target of further study for it
tend to perpetuate the ‘presently known’ sites these sites that will give us greater insight
distribution, and enable the prediction of ‘avinto the past (Altschul 1990:228).
erage’, repeatedly used, site locales that clus-
ter around stable and important environmemltschul developed a predictive model for
tal variables. However, these models, nine 9000 acre Mount Trumbell area of Ari-
matter how sophisticated, are not discoverona. There were 228 known sites in the
ing anything more than new sites that corstudy area that were sampled by various
form to presently known site distributionagencies in the past. Three environmental
patterns. However, using the graphical apariables were defined to account for site lo-
proach, one may identify landscape characation: elevation, slope and aspect. Altschul
teristics that are associated with a significamtutlines four steps in the development of his
proportion of the site inventory, and therebyredictive model (1990:230-232):
highlighting a minority of sites that clearly
are different. This smaller subset can then Step 1: Data exploration
be subjected to another round of analysis to Descriptive data are compiled on spa-
determine patterns of association with dif- tial location, temporal affiliation, and
ferent landscape variables. This second site function. The relationship of
round of analysis may lead to significantnew these variables with each environ-
insight. mental variable is confirmed through

the use of simple associational sta-

A predictive model that seeks site localities tistics.
that do not conform with the known pattern
offer advantages in that it offers new infor- Step 2. Confidence and independ-
mation of a different order. That s, types of ence
sites, land use strategies, and idiosyncratic The second step involves assessing
behaviour that are presently unknown. In the environmental variables in terms
the event that the model identifies sites that of confidence and generalization.
do not conform to the expected site distribu- Altschul wants to determine whether
tion, a resource manager is in the position to survey coverage of each environmen-
re-focus research to identify new sorts of an- tal zone is adequate in order to have
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any faith in the resulting distribu-  erature. These procedures refer to the man-
tions. He also wants to determine the ner in which different variables are manipu-
degree of statistical independence lated to produce a predictive model. These
between the three environmental may be called the intersection method and
zones. the weighted value method.

Step 3: The favourability map 1.4.1 The Intersection Method
The third step is to create a map The intersection method is perhaps the most
showing the relative probability of  commonly used methodology for develop-

each map unit to contain a site. ing predictive models. The intersection
method begins with the basic assumption that
Step 4:The red flags all variables used in the development of a

Once the favourability map is cre- predictive model contribute equally to the
ated, site locations are cross tabulated determination of site location potential. Cal-
with favourability zones. Statistics  culating high, medium or low potential ar-
are once again used to confirm eas is simply a process of determining the
associational significance of environ-  number of variables that converge in a given
mental variables and site locations.  location. Areas where the highest number
of variables occur can be labelled *high po-
Altschul’s approach differs from that of otheitential’ while areas where the lowest number
researchers in that he is focusing on prediadf variables occur can be labelled ‘low po-
ing anomalies rather than predicting the atential’ (Figure 1.1).
ready known. He is trying to identify why
sites are located in unexpected places; Fhe assumption that all variables contribute
other words, why did we not expect them tequally to the determination of the predic-
be there? Rather than “viewing models as/e model is one that does not accurately
end products, we view them as analyticakflect the complexity of human land use
tools” (1990:237). Altschul’'s graphical ap-decision-making. For example, if modelling
proach is more useful to cultural resourcthe location of prehistoric fishing camps,
managers because patterns or non-patteneiables such as ‘proximity to water’ are of
are more readily apparent. While statisticgreater significance than such variables as
are used for validation and confirmation, thévegetation zone’. Thus, while the intersec-
results need not be translated from statistion method is employed in a number of pre-
cal tables to archaeologically-meaningfutlictive models, it does not result in a model
statements. Using the graphical approachwhich faithfully reflects the true range of pre-
historic decisions employed in determining
...at a glance, managers can deter- the location of activities.
mine the likelihood of determining
sites on a particular development 1.4.2 The Weighted Value Method
project. For archaeologists, [a map The weighted value method is perhaps the
such as this] represents a compilation least used methodology in the development
of the relationship between environ-  of predictive models. The weighted value
mental variables and site location method begins with the basic assumption that
(Altschul 1990:233). each landscape variable contributed differ-
entially to ancient land use decision-making.
To account for this, each landscape variable
1.4 MODELLING PROCEDURES is given a different numeric weight to reflect
its deemed importance. For example, this
There are two primary modelling procedurearbitrary weighting scale, might offer a ran
that can be extracted from the existing litrom O to 3 whereby 0 = poor, 1 = fair, 2
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Variable A Variable B Variable C

Figure 1.1. Schematic Diagram lllustrating The Principle Of The Intersection Method Where The
Area ldentified As “ABC” Would Be Considered High Potential, “AB, AC, BC” Medium Potential
and “A,B,C” Would Be Considered Low Potential

good, and 3 = excellent. Additionally, theA value (V) is applied by the researcher to
variables to be modelled are divided into cathe category to reflect its importance and
egories and subcategories. Categories erpntribution in the modelling process. In
compass broadly defined divisions such addition, variables are assigned weights (W)
Proximity to Wateror Soil Drainage to reflect differences within categories in
Subcategories encompass detailed subdiviteir contribution to the modelling process.
sions of categories. For example, if the cator example, the categoRroximity to Wa-
egory was Proximity to Watey the ter might be given a value of 3 to reflect its
subcategories might béajor Waterways, importance in determining site location. The
Minor Rivers, Minor Lakes Variables in- variable0-100 metres from watenight be
clude even finer divisions of categoriesgiven a weight of 3101-200 metrea weight
Thus, for example, if the subcategory waef 2,201-400 metrea weight of 1, and01+
Major Waterwaysthen the variables might metresa weight of 0. By multiplying the,
be 0-100m from water, 100-250m from wae€ategory value by the weight of the varia
ter, and250-500m from watefTable 1.1). (W x V), aweighted value is defined for e
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Table 1.1. An Example Of Assigning Weights And Values To Categories, Subcategories And
Variables

CATEGORY | SUBCATEGORY | VARIABLE VALUE WEIGHTED VALUE
(W) V) (WxV)
Proximity 4-5 Order Water 0-100m 3 9
To Water 3 Order Water 101-250m 2 6
(W=3) 1-2 Order Water 251+ 1 3
Slope Slope 0-5° 3 6
(W=2) 6°+ 1 2
Soils Soils Dry 3 9
(W=3) Mixed 2 6
Wet 1 3

variable used in the modelling process (Tdecause the weighted value method allows
ble 1.1). The determination of the numericertain variables to have more ‘predictive
cal weight or value is researcher specifigtrength’ than other variables, it results in a
There must be some basis upon which thigodel that better reflects the decisions made
researcher makes these numerical assigty prehistoric people when choosing their
ments. Reference may be made to previoagtiVity locations. In addition, because it is
archaeological work which has identifiedmperative that the manner in which the cat-
characteristics of the landscape presumed@gories and variables are weighted is clearly
be associated with archaeological sites. EtRutlined, the contribution of each variable to
nographicl ethnologicaL historic orthe final model is also clearly established.
ethnoarchaeological studies may also bEhis final point is the most important point
sources upon which the basis for weightingf all. For any model to be valid, it must be
of variables is based. The experience of tiigproducible and defensible. With the
archaeologist and colleagues also workingeighting factor of each variable clearly de-
in the area may also contribute to determiriined, discussions can occur concerning the
ing a weighting scheme. Additionally, theweights of individual variables and, the ef-
nature of the project itself may have somtects of changing weights can be tested. The
bearing on the weighting applied to variablegesults of these tests can then be evaluated.
For example, a researcher applying a prediti the end, one is left with a model for pre-
tive model within a given theoretical frame-historic activity location which is clearly
work may give more importance to economidefined, testable and reproducible.
cally-related variables than some geographic

variables. In another instance, a researcher

may combine his or her own experience with.5 METHODOLOGICAL ISSUES

data obtained from the ethnographic litera- o

ture and derive weights and values accordhere are a number of methodological issues
ingly. In conclusion, the manner in whichconcerning predictive modelling as it is rep-
weights and values are applied is Subjecti\)@sented in the literature. The first of these
yet it is based upon data obtained and evaliglates to all of the data sources used to de-
ated by the researcher from a variety ofelop predictive models. Despite the theo-

sources and applied within project specifigetical framework or the methodological af
frames of reference. proach used in the development of pre

tive models, all make use of a limited num
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of primary variables. These are slope, as- River (which flows down the central
pect, elevation and distance to water, veg- valley) if it really existed!
etation zones, and in some cases, soil char-
acteristics. These variables are ones that akechaeologists generally consider terraces,
regularly found on site record forms. Addi-hills and small creeks to be extremely im-
tionally, these variables can be traced to thr@®rtant for regional settlement analysis. It
main sources: topographic maps (either pé& difficult to perform an analytical study us-
per or digital), existing archaeological dataing criteria such as terraces and small hills,
or aerial photographs. For example, Parkvhen the map from which these criteria are
er's Sparta Mine predictive model lists fif-drawn does not represent them accurately.
teen variables used to predict site location.
Seven of those fifteen relate to streams, o addition to digital data of questionable
is soil moisture and another is depth to thguality is the issue of appropriate scale for
water table. Thus nine of the fifteen varimodelling. For example, let us consider a
ables are expressions of a water variablpredictive model developed for a large re-
While the impression is given of a complexgion at an effective scale of 1:50,000. How-
interplay of variables, it is simply that moreever, much of the data may be derived from
emphasis is being given to water. maps published at a scale of 1:125,000 and
1:250,000. The high level of data generali-
Also, while the choice of variables has beepation on these maps relative to the 1:50,000
limited and the source for these variablesap forces a significant degradation of the
even more so, there seems to be an abseqeality of the final model. Additional po-
of culturally relevant variables. Very few, iftential difficulties can develop if some data
any, predictive models incorporate variablegariables are derived from large scale sources
derived from Native land use studies, ethnsuch as 1:15,000 aerial photographs. In this
graphic data or local informant interviewscircumstance it may be necessary to reduce
While the utility of incorporating these kindsthe precision and detail of variables derived
of data has yet to be demonstrated, logicallfrom large scale sources (air photos) to match
there is considerable value to incorporatinthe scale of the 1:50,000 predictive model.
them into predictive models of prehistoricThe implications of variable scales of pri-
activity locations (Dalla Bona and Larcombenary data are addressed more fully in a later
1992). chapter.

A second concern relates to the quality dfhirdly, those developing predictive models
some primary data sources. For examplegend to present their results as statements of
Altschul states that the primary source fonigh/medium/low potential areas, or areas of
his three variables is a USGS digital terraifavourability/non-favourability. However,
model. Kvamme (1990:114) has evaluatetthe means by which these terms were defined
USGS digital terrain data and concludes: is seldom clearly expressed. The reader is
rarely informed of the means by which de-
although there is a general corre- termination of categories of potential is
spondence, in the (purchased USGS made. The cutoff points between high and
data) (1) many small ridges and hills  medium, and medium and low potential is
are absent, (2) minor drainages are rarely if ever discussed. Clearly, this is an
missing, (3) large features are greatly issue that is of importance to cultural re-
smoothed, and (4) there is a major source managers and archaeological re-
error in the form of a 120 ft. high cliff ~ searchers alike. The modelling approach
face which would surely make a developed in this research does not catego-
spectacular waterfall on the Colorado rize potential, rather it presents a scale
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potential where zones of high/medium/lowment of predictive models. These approaches
can be determined more clearly and the raaake use of different theoretical and meth-
tionale for that determination is openly preedological frameworks. The methodology
sented for further discussion. outlined in Volume 4 of this report series
crosscuts a number of theoretical and meth-
odological constraints. It can be applied to
1.6 ADVANTAGES OF PREDICTIVE academic research applications or for ‘ap-
MODELLING plied’ cultural resource management pur-
poses. It can be used from a deductive or
With respect to the kinds of research and apxductive perspective, or employ elements
plications being made by cultural resourcef both. It can be used to develop a numeri-
managers, predictive modelling holds coneal and/or graphical model, and it can ma-
siderable promise as a planning tool. A prexipulate variables using the intersection and/
dictive model can offer explicit measures obr the weighted value approach. In summary,
the likelihood of cultural resources in spethis methodology is relevant to many differ-
cific localities. Generating such informatiorent archaeological applications with limits
can greatly increase the timeframe withimmposed only by the creativeness of indi-
which cultural resource managers may plavidual researchers.
survey, confirmation and mitigation - well
ahead of development activities. This coulds stated in Kohler’s definition (1988:33), a
result in the avoidance of conflicts betweepredictive model is comprised of a set of test-
land “values”, and allow land developers andble hypotheses. To arrive at testable hy-
cultural resource managers to plan land ugstheses, a model must be explicit in the
in fashions that minimize deleterious im-variables that are used, and the manner in
pacts. In addition, a credible predictivevhich those variables are manipulated. This
model can help focus archaeological recomcludes clearly identifying and outlining the
naissance, and direct research to areas withiariables included in the model, the manner
a region that hold some cultural significancen which these variables interact, and any
Using such “pointing tools” offers tremen-weighting placed upon the variables. Ide-
dous savings in time and money, and can ladly, a flowchart-like diagram outlining the
highly effective as a means of “stratifying”various processes involved in developing the
conventional random sample surveys ovenodel should be available. Such a diagram
large areas. Finally, a good predictive mod&ould graphically illustrate what variables
can be of use to both the cultural resourae used, and how they interact to produce
manager and the archaeologist interestedtime final result. One of the major stumbling
academic research applications. A preditlocks and criticisms of all predictive mod-
tive model may provide insight into the dy-els is the subjective input of the researcher’s
namics of the settlement system within awn knowledge. All archaeologists ac-
given region. By explicitly outlining the vari- knowledge that this information is important
ables associated with specific types of siteand should not be ignored. However, to be
a predictive model may actually indicateeally useful, it should be made clegnat
some probable choices made by prehistorkmowledge is being applied to the develop-
people in developing their land use strategyent of the model as well &swit is being
used. The methodology employed here
makes that explicit - indeed the researcher is
1.7 ON DEVELOPING A forced to be explicit.
PREDICTIVE MODEL
There are a number of assumptions that ghe
As discussed in the sections above, there amerks under when developing a predicti
many different approaches to the developnodel. The first involves the assumption t
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choices of activity locations made by predevelopment period of a predictive model is
historic people were influenced by elementsot finite. Altschul calls this a
of the natural and physical environment. The
researcher also assumes these environmen-...dynamic modelling approach.
tal variables have survived, and can be rep- Once anomalies...are identified, they
resented by presently available data. These become the subject of additional re-
data may be in the form of maps, monographs search. As patterns are found, many
or may still remain to be collected inthe field. anomalies become predictable.
The third assumption asserts that correlations Those sites whose locations remain
between archaeological sites and the natu- anomalous grow in importance
ral/physical environment observed by mod- (1990:228).
ern researchers reflect land use choices made
by prehistoric decision makers. That is, th®lodelling should be seen and conducted as
correlation is assumed to be not due ta dynamic process whereby data collected
chance, or reflecting the affect of anothefrom any source, at any time, can be incor-
presently undocumented, independent vamporated into the modelling process to in-
able. These assumptions may be strengttrease its integrity, accuracy and scope. As
ened or confirmed by repeated testing or apuch, predictive modelling may be seen as
plication of a model, but the true nature oinvolving three stages: (fpyimary stage pre-
prehistoric human action can never be fulldictive modelling involving data collection
known. and organization; (23econdary stage pre-
dictive modelling in which an initial model
As predictive models attempt to codify asis developed and tested, and;té3iary stage
pects of human behaviour, one cannot epredictive modelling in which the model is
pect a model to be simplistic in its makeupsubjected to an infinite number of applica-
or to be developed in a single effort. Thé&ons and refinements. This process is sum-
marized in Table 1.2.

Table 1.2. Summary Of The Three Stage Predictive Modelling Process

PRIMARY STAGE
* hypothesis building - data collection strategies
« initial data collection
« field reconnaissance, collection of baseline data

SECONDARY STAGE
» deductive phase of modelling
* association between environmental variables and sites
« literature review and integration into model
« development or application of initial model
« testing of model on previously surveyed areas

TERTIARY STAGE
« continued application of model
» continued refinement of model
* new data continuously incorporated into process
 new sites discovered are interpreted and incorporated into
existing model




Cultural Heritage Resource Predictive Modelling Project Final Report — Volume 3

1.7.1 Primary Stage Modelling: b)the spatial boundaries within which
Organization and Data Collection the model is applicable;
The development of the primary stage pre- c)the temporal scope of the model,
dictive model involves three activities: and,;
hypthesis building and data collection strat- d)the functional scope of the model,
egies, initial data collection, and field recon- i.e. does it apply to all or selected
naissance. Hypothesis building and data activity types.
collection strategies are the crucial first step.
Hyptheses must be generated about the pédany issues may be predetermined and a
ple and activities being modelled. Thes&inction of the project proposal or terms of
hypotheses will in large part dictate the imreference. This is particularly the case with
portant variables to be modelled, the marpredictive models developed for cultural re-
ner in which those variables will contributesource management purposes. It is during
to site potential and the data that will be cokhe primary stage that an archaeological field
lected.. Initial data collection is conductedurvey may be conducted. Usually this in-
within the parameters of hypotheses genevelves inductive data collection from por-
ated and can be viewed as taking place withiions of the “research universe” that are un-
both deductive and inductive theoreticatepresented in the existing heritage resource
frameworks. Existing archaeological site ininventory. While it may be that some ar-
ventories are often a primary source of suathaeological information already exists in the
information. Predictive models presented iform of a site database, it may be subject to
the literature can be reviewed for pertinerd number of biases beyond the control of the
data and analytically useful variables. In adesearcher. Thus, the collection of new base-
dition, information gathered from otherline archaeological data provides the re-
sources such as ethnographic or land usearcher with a more complete and repre-
studies can be evaluated and incorporatséntative database with which to build the
into the model. These data are important imodel. The field program should include as
developing a theoretical framework in whictcomplete an areal survey as possible. The
to interpret the results of the model as weflize of the survey area need not be exceed-
as to guide the data to be collected. ingly large but should represent the study
area as a whole. It is also important that a
To have confidence in any models range of environmental characteristics, that

which emerge, we need to kneviny are deemed to be the independent variables,
the behavior we predict patterns as it  be known and mapped within the survey area.
does (Tainter 1983:7). The intention of the survey is to understand

the distribution, frequency, and component
It is important to note that the researcher mugarts of all the sites in the survey area. With
start somewhere and existing data and sufie completion of the initial round of data
cessful examples of other predictive modelsollection and archaeological reconnais-
offer an acceptable base, subject to a carekdnce, primary stage predictive modelling is
evaluation of their relevance and completesomplete.
ness.

1.7.2 Secondary Stage Modelling:
The primary stage may be understood as thatial Model Development
organizational stage of the modelling procand Testing
ess. The researcher must make numerofissecondary stage predictive model can be

decisions including: said to begin when the requirements of pri-
mary stage modelling have been fulfilled.
a)the scale at which modelling will ~ Once this has been achieved, the researcer

take place; enters into a deductive phase and can b




Cultural Heritage Resource Predictive Modelling Project Final Report — Volume 3

to incorporate this data into the second sta@é sites possible in the two previous survey
of the model. The degree of correlation beareas. It is at this point that the model may
tween the sites discovered during the fielde considered applicable in a real sense. At
survey and the defined environmental varthis point, testing procedures have been car-
ables is measured and ranked. Existing varied out, and have demonstrated the validity
ables derived from the literature can then bend integrity of the model. The researcher
evaluated on the basis of the strength of themust be vigilant at this point to ensure that
correlation with this expanded site databasthe model is not applied blindly. Any con-
Cultural variables such as plant gathering arnuing application, (or expansion of
species-specific hunting activities can be imapplicaion) of the model must undergo thor-
corporated into the variables to be modelle@dugh testing, much like that conducted in the
secondary stage to ensure the ongoing va-
The researcher may now develop an initididity of the model. New data must be in-
predictive model and test it using the areeorporated into the model year after year in
surveyed in the primary stage. While it mayn effort to produce the most robust model
appear that this step is a ‘self-fulfilling prophpossible. In addition, as repeated applica-
ecy”, one must be reminded that a variety difons of the model are effected, sites that were
data were used to develop the initial predi@nce ‘anomalous’ may now become pat-
tive model - not solely the data derived fronterned. Such observations must be formal-
the primary stage survey. Based upon theed, carefully interpreted, and then inte-
hypotheses generated earlier, variables cgrated into the model to maintain and up-
be introduced or removed from the procesdate its integrity.
or the weighting of the variables can be ad-
justed until the model is able to predict th&ew, if any, models have achieved tertiary
highest percentage of sites possible. stage development because of the nature of
the agencies employing them. Most cultural
A second field survey program in an aregesource management agencies are limited
near the first is necessary to collect morey their role as resource managers and have
baseline data and/or test the model. It is reneither the time nor resources for ongoing
ognized however, that this may not alwaysesearch and development. They are inter-
be feasible because of external limitationssted in identifying the location of resources
such as time and money. Once again, thm order to facilitate informed planning and
strength of correlation between known sitenanagement. Given the urgency of these
locations and the identified independent vargoals, it is often an irresistible temptation to
ables should be measured. This informatiamplement partially tested models as a part
should be incorporated into a new, “secondf routine resource management and plan-
generation” predictive model. This modehing. As a result, predictive models devel-
would then be applied to both the primarpped for such agencies often resemble a pro-
and secondary stage survey areas. The vareédural ‘cook book’. The variables identi-
ables would be modified in such away as thed in the prototype model become
produce a model predicting the highest petranformed from untested indicators of site
centages of known archaeological siteslistribution into routine “red flags” of site
Once this has been achieved, tertiary stagpcation. As the predictive model is being

modelling may begin. routinely used, it gains unwarranted credence

and uncritical acceptance. Users may rea-
1.7.3 Tertiary Stage Modelling: son that if certain steps are followed, a sci-
Application and Refinement entifically valid result will follow.

A tertiary stage predictive model begins
when the secondary stage predictive mod&he three stage modelling process outli
predicts the location of the highest numberere reduces the likelihood that such a ‘c
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book’ approach will result. An additionalOnce again, the development of predictive
point may be raised concerning the prospestodels is a dynamic process where models
that a predictive modelling approach willare rigorously tested over many years and in
supplant conventional archaeological fielanany different areas. The results of each
work. There should never be a point whergear’s testing must also be incorporated into
predictive models take the place of fieldhe existing model. Information gained in
work. Inthe context of an academic modekuture years of application are also incorpo-
ling exercise, the negative implications of aated into the model development process.
poor model are relatively minor. However]deally, this process should never stop.
in the context of cultural resource manage-
ment, the implications of applying a poorly
tested model can be severe, and perhaps ele® SUMMARY
disastrous. Atthe same time, itis not realis-
tic to expect resource management agenciBsgedictive modelling is a research method-
to do nothing until all possible sites have beevlogy used by archaeologists to identify pre-
field inspected. Clearly a reasonable comntistoric activity locations. It has its basis in
promise is possible and best serves all agesettlement pattern analysis, and the results
cies involved. of predictive modelling continue to further
the aims of settlement pattern studies. Pre-
| have no objection to the use of dictive models have been identified as oper-
multivariate locational models forre-  ating within inductive and deductive theo-
search and planning purposes, but retical frameworks. They are also developed
they simply cannot provide sufficient  using distinct methodological approaches.
evidence to warrant the granting of  Since the mid 1970s, predictive models have
archaeological clearance withoutthe become less associated with the settlement
benefit of field survey. Any suchre-  studies from which they emerged. For the
liance on predictive models to ‘write most part, predictive models have developed
off’ areas of low projected site den-  within the sphere of cultural resource man-
sity constitutes both an abuse of sta- agement, and their application has been pri-
tistical methods and an abrogation of marily in this management context. How-
. management responsibilities ever, the breadth of application is increasing
(Berry 1984:845-6). as archaeologists recognize the potential of
predictive models as an academic research
tool.




GEOGRAPHIC INFORMATION SYSTEMS
AND ARCHAEOLOGICAL RESEARCH

2.1 DEFINITION OF A GEOGRAPHIC
INFORMATION SYSTEM (GIS)

This discussion of geographic information

systems focusses upon the type of system
utlized in this research although general in-
formation about other types of GIS systems

ners and decision-makers to explore
a range of possible scenarios and to
obtain an idea of the consequences
of a course of action before the mis-
takes have been irrevocably made in
the landscape itsel{Burrough
1986:7, emphasis added).

is also presented.

Perhaps the best way to represent the opera-

A geographic information system (GIS) hasion of a GIS is to visualize a standard topo-
been defined as “a powerful set of tools fographic map. A topographic map contains a
collecting, storing, retrieving at will, trans-tremendous amount of information. One
forming, and displaying spatial data from thenay view the various types of information
real world for a particular set of purposesas a range of data categories that encompass
(Burrough 1986:6). A GIS is a computervoads, railways, water bodies, buildings, veg-
ized information system that describes oletation, legal boundaries and elevation

jects from the real world in terms of:

1)their position with respect to a
known coordinate system

2)their attributes that are unrelated to
position (such as pH, temporal order)
3)their spatial interrelations with
each other (topological relations)
(Burrough 1986:7).

among numerous others. While each of these
categories is a separate class of information,
they are all schematicaly represented and
printed on one piece of paper, and therefore
are understood as permanently combined in
the mind of the map viewer.

A geographic information system may use
all of these categories of information, but
stores them as separate map layers. The map

A geographic information system consisttayer concerned with roads has only ‘road’
primarily of computer software that functionanformation on it. It may document the lo-

in conjunction with computer hardware tccation of various roads and also their quality
transform and manipulate spatial data. A GI8.e., highways, secondary, dirt roads). The
should be considered as more than a simpieap layer concerned with water may con-

data manipulation tool.

tain information about the type of water body
(i.e., river or lake), its name, volume or

Because these data can be accessed, stream order. While each of these separate

transformed, and manipulated inter-
actively in a geographical informa-
tion system, they can serve as a test
bed for studying environmental proc-
esses or for analysing the results of
trends, or for anticipating the possi-
ble results of planning decisions. By
using the GIS in a similar way that a
trainee pilot uses a flight simulator,
it is, in principle,possible for plan-

map layers contains only one category of
data, they may be manipulated in such a way
as to produce a desired result. For example,
a map layer of ‘roads’ and a map layer of

‘water’ may be combined to determine where

all intersections of roads and water exist in a
given area. In these manipulations lies the
power of a geographic information system.

Data may be manipulated in countless waxs
to model any number of scenarios. For
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ample, it may be necessary to identify alhess values while a grassy field will be rep-
areas within one kilometre of the junction ofesented by a group of different brightness
two streams. To search for and calculatalues. Understanding and correlating which
these data manually using paper maps woubdightness values correlate with landscape
take a considerable amount of time. Usingfaatures allows users to classify the compo-
GIS, this information could be identifiedsition of large areas.
within minutes.

Data may also be entered by means of auto-
The geographic information system softwarenated data gathering devices such as
used in this research is MAP |l (Pazmer LANDSAT or SPOT satellites. Both satel-
al. 1989). This software allows for the easyites collect data in raster format, rendering
entry, storage, manipulation and analysis @fiem immediately usable by raster-based GIS
spatial data using Macintosh personal consoftware. Additionally, data may be entered
puters. Map Il is also notable for its powermanually through the use of screen tools
ful data transformation capabilities. MAPavailable within the MAP Il software. In-
Il is a raster-based GIS in that it organize®rmation may also be encoded into the da-
spatial information in a ‘cell’ format. Infor- tabase via a mouse/pen input device result-
mation is stored in cells which are organizenhg in a database that can be directly updated,
in rows and columns. Raster data represerevised or even created by the user right on
tation assumes that spatial information ithe computer screen.
treated as if it were a flat Cartesian surface.
Thus, each cell in the electronic database The resolution of raster data describes the
associated with a square parcel of land melationship between the grid cell size in the
reality. The value assigned to each cell relatabase and the actual size of the cell on
flects the ‘attribute state’ of a specific varithe ground. For example, a resolution of 30m
able which is deemed characteristic of thandicates that every grid cell in the database
corresponding square of land. represents 30 metres by 30 metres on the

ground.
Data may be entered in a raster-based GIS
in a number of ways. Perhaps the most pra€here are a number of advantages to using a
tical method of data entry involves the useaster-based GIS. Perhaps the most impor-
of a flatbed scanner. A scanner is a devid¢ant one is the simplicity of the data struc-
very similar in its workings to a photocopyture. The ‘row’ and ‘column’ structure of
machine. Adesired image (e.g. atopographibe data translates into very simple math-
map) is placed on the glass surface of thematics for computation by the computer.
scanner, which then makes a ‘photocopy’ ofhis results in relatively fast analysis and
the image. Instead of immediately printingnanipulation of data when compared with
the image on paper, the scanner translates 8ystems using other data structures (i.e. vec-
image into a digital representation: the ander-based systems).
log image is automatically transformed into
a series of rows and columns with each ceMl second important advantage is the com-
of the image being assigned a differergatibility of rastor systems with existing re-
brightness value. When viewed at a largamote sensing technology. Satellite and air-
scale, the image appears as a number of latgerne sensors store the data in raster format.
coloured squares. However, when viewedery little modification is necessary to render
at a small scale, the image appears as a vémgt information usable by a raster-based geo-
close representation of the original. The vargraphic information system.
ous brightness values can be correlated with
different entities in the image. For exampleBecause of the nature of the data structue,
water will be represented by similar brightvarious kinds of spatial analysis can be
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ily carried out. Generally speaking, in gask of identifying data needed for the mod-
raster-based system, every cell is the sam#ling process.
size and the maps generated must also be the
same size. Therefore, the computer does ndthatever the type of GIS used, such clear-
need to calculate and account for landscapeghted definition of goals and data needs is
characteristics that are arranged in irregulan important precondition of predictive mod-
or unorthodox shapes. As aresult, the matbHing. Flowcharts can be drawn outlining
ematics involved in simultaneously maniputhe various map manipulations to be con-
lating several map layers is relatively simducted, and numerous scenarios can be of-
ple. Operations such as the overlay of inndered and compared: ‘what if’ analyses may
merable map layers is facilitated, greatly exse undertaken, and numerous options to po-
panding the usefulness of a raster-based Gi8ntial difficulties can be identified and ad-
dressed. Thus, even before the computer is
A further advantage of a raster-based Glirned on, the needed data can be identified,
pertains to inter-application compatibility.the data manipulations that are expected to
Ultimately, all data can be reduced to a texte performed are indicated, options and al-
based, or ASCII, format. This data format isernatives are outlined, and an expectation
readily accepted by a wide variety of softef the goal to be achieved can be calculated.
ware packages, including analytical statisti-
cal packages. This allows the researcher Tinere are also a number of disadvantages to
transfer data from a GIS to a different softa raster-based geographic information sys-
ware package for further, more refinedtem. The first relates to the ‘cell’ and ‘col-
analyses. umn’ structure of the data. This data struc-
ture leads to a tremendous amount of redun-
Another advantage of a raster-based GIS rdancy of data and, consequently, data files
lates to the price of the technology. Thesean consume large amounts of physical disk
systems are relatively inexpensive with softspace. The problem of large file sizes has
ware and hardware being energetically déeen alleviated to some degree by clever pro-
veloped and marketed by several differergramming which can reduce the size of raster
firms. Concurrent with the development oflata files by 50% or more.
GIS software, the revolutionary improve-
ment of the power of micro-computers make& second disadvantage to raster-based sys-
them comparable with minicomputers. Théems, again, relates to the cell format of the
linkage of new raster-based GIS with ‘highdata. The cell resolution of a map is set by
end’ personal computers offers a powerfuhe user. Once cell resolution has been iden-
and versatile set of analytical tools. tified, the smallest spatial phenomenon must
be represented by that cell resolution. For
Another consideration which makes MAP llexample, imagine a situation whereby each
an attractive GIS option is that it uses a magell in the digital database has a cell resolu-
manipulation language called cartographition (i.e. is equivalent to) of 2100m x 100m
modelling (Tomlin 1990). This ‘natural lan-on the ground. If we are mapping an area of
guage’ approach to GIS greatly simplifie$0 square kilometres, the resultant data files
training and use since data transformationill consist of a very manageable 5,000 cells
functions utilize English-like commands toof information. However, the smallest spa-
construct manipulation command lines. Catial phenomenon must be represented as be-
tographic modelling also forces one to exing at least 100m wide or 100m long. Thus,
plicitly define what is actually soughta small stream or creek will be represented
through the modelling exercise. The cleaas being at least 100 metres wide. Such grgss
delineation of goals greatly simplifies thegeneralization can quickly invalidate t
modelling exercise.
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If the cell resolution is set very fine (e.g. 5nilltimately results in a jagged figure where

x 5m), then a very large map is needed 3V€r Or under-representation of areas may
represent a 50 square kilometre map are2Ecur due to the restricted manner in which
Such a map would result in about 2,000,0@Cey can be displayed. This factor is again
cells of information being needed to repred€Pendent upon cell resolution.

sent the map area. While topological fea- . . :
tures will be represented in detail, the mafg®" more detailed discussion of the use of

size will be large, computational time will IS in archaeological research, a number of

be great, and data storage needs will be hu%@“dies have recently appeared outlining the
A further discussion of this subject is preadvantages and disadvantages of this ap-
sented below. proach (Altschul 1990; Bailey et. al. 1985;

Briur 1988; Brown and Rubin 1982; Calamia
Finally, whereas in a vector-based systent986; Carmichael 1990; Ferguson 1985;
phenomenologically recognizable structure§0rney et. al. 1985; Hasenstab 1983;
can be accurately depicted, in a raster-basgyamme 1986, 1989, 1990; Kvamme and
system those same structures can only fohler 1988; Limp 1987; Parker 1986;
identified by an aggregation of cells. Thigubrow 1987; Zulick 1986).




GIS AND ARCHAEOLOGY:
PREDICTIVE MODELLING RESEARCH DESIGN
CONSIDERATIONS

3.1 INTRODUCTION sources of error may include (but are not lim-
ited to) map scale, age of data, format, ac-
The ultimate focus of a heritage resourceessibility, areal coverage, and density of ob-
predictive modelling project should be at theervations.
level of the archaeological site. An archaeo-
logical site is defined as: 3.2.1 Map Scale
The scale at which original maps are drawn
a specific locality containing the re-  directly reflects the quality of data and the
mains of past human activities; such amount of detail which may then be obtained
remains may range from the traces fromthe map. Itis extremely important that
of a campfire to the ruins of a settle- the scale of source maps match the require-
ment occupied for centuries or to the  ments of the study. For example, a Canada
site of an historic shipwreck. Asite Land Inventory (CLI) map depicting soil
can also be viewed as a set of infor- series for a given area is published at the rela-
mation derived from object, features, tively small scale of 1:1,000,000. At this
structures, and human physical re- scale, the soil differences between eskers and
mains found in specific geographic, poorly drained muskeg swamps may be gen-
environmental and geological con- eralized into one broad category. At such
texts (Department of Communica- small scales, distinct lithic outcrops may be
tions 1988:29-30). generalized into broader categories reflect-
ing their common origin. Furthermore, geo-
In order to properly and accurately develofpgical maps tend to focus upon the distri-
a predictive model of archaeological site lobution of economically valued minerals and
cation, there are a number of important corere bodies or major bedrock deposits. How-
siderations that must be addressed. Theseer, highly silicious bedrock deposits that
include discussions of data acquisition anchight be of economic value to hunters uti-
integrity, data entry, data manipulation antizing a stone-based technology might be
data resolution. deemed too small or unimportant to be
mapped. Thus, a distinction which may
prove to be important in a study of heritage
3.2 DATA ACQUISITION AND resource potential is not available on maps
INTEGRITY of suitable scale. Ironically, data represented
on very large scale maps may contain too
Anyone doing predictive modelling usingmuch information. That is, the large map
GIS will gather data from a number of varscale may result in mapped distinctions
ied sources. Some potential sources of datdnich encompass too small an area to be rep-
are listed in Table 3.1. Data gathered fromesented at the scale of resolution used in the
various sources must be evaluated as to (S database. In such a situation, the ana-
overall quality and usefulness in predictivédyst must selectively ‘generalize’ the data to
modelling. Any of the data sources describeahatch the operational map scale.
below are subject to innumerable biases that
affect data quality to varying degrees and;or the purposes of predictive modelling, it
therefore, have the potential of introducings often necessary to obtain data wherevedit
error into the GIS database. These potentiaight be available, even if at a range of
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Table 3.1. Potential Sources Of Data For Inclusion In A GIS Database

GENERAL DATA SOURCE

Public (government) Paper Map Libraries

Private (Corporate) Paper Map Libraries

Public Electronic Cartographic Databases

Private Electronic Cartographic Databases

Electronic Heritage Databases

Remotely Sensed Data from Air - or
Spaceborne devices

Published Written Sources

Unpublished Written Sources

Field Reconnaissance/Ground Truthing

EXAMPLES

*NTS Topographic Map Series
e Canada Land Inventory Map Series
» Ontario Base Map Series

* Forest Industry Map
 Ontario Hydro Map Library

« Dept. of Energy, Mines and Resources
Digital Map Library

» Northwestern Ontario Forest Ecosystem
Classification Program

* Proprietary Corporate Digital Cartographic
and GIS databases

e Canadian Heritage Inventory Network

* LANDSAT TM and LANDSAT MSS
* SPOT

* Fluorescence Line Imager (FLI)
 Synthetic Aperture Radar (SAR)

* Aerial Photography

e Manuscripts - e.g. Mercury Series
* Journals - Canadian Journal of
Archaeology

» Consultants’ reports to private industry
» Consultants’ reports to government

* Internal government reports

» Academic Conference Papers

» Workshop Proceedings

» Ongoing Regional Research Reports

* Archaeological Survey/Excavation
 Geological/Geographical Survey
« Wildlife/Vegetation Surveys
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scales. In Canada, particularly useful mapreams to dry creek beds. The nature of the
are the NTS topographic map series avaivatercourse is dependent upon seasonal fluc-
able from the Government of Canada, Dduations in precipitation as well as yearly
partment of Energy, Mines and Resourcefluctuations in precipitation. Therefore,
These maps are routinely published at botkhile a topographic map may indicate that a
1:50,000 and 1:250,000 scales. Each mapasonal water body occurs in a given area,
contains at least two primary sources of datais not guaranteed that there is water at that
that can be utilized using a GIS database.location. This information could be supple-

mented by field survey and/or aerial recon-
One data source that may be obtained fromaissance or interpretation of aerial photos.
a 1:50,000 topographic map is elevation.
When evaluating the suitability of elevatior8.2.2 Age of Data
information in the form of contour lines, oneAn important adage in map intepretation is
must consider the interval between adjacetttat “...with the exception of geological data,
contour lines. Clearly, a narrow intervalthe reliability of data decreases with age”
such as <15m (~50 ft.) provides enough e(Mead 1982). Old data may be unsuitable if
evation detail to properly represent the geritwas collected under a system of standards
eral nature of the terrain. Contour intervalthat is no longer acceptable. In any assess-
greater than 15m result in increasingly senent exercise, the evaluation of data integ-
vere generalization of the terrain, resultingity is a necessary procedure. It becomes
in the loss of important features such as beathperative when the data used were collected
ridges and small moraines. Contour lines im the past by other agencies for other pur-
themselves are generalizations from accurgb@ses. In addition, old data may be impor-
point data. Thus, a contour line does ndant when evaluating the historic nature of a
identify a particular area as having a specifiandscape. This may include considerations
elevation. Rather, contour lines are usuallgf historic features vs. modern features, pre-
derived from detailed interpretation of sterevs. post-dam construction impacts, and veg-
oscopic pairs of air photos, and identify aretation changes among a host of others.
eas which share average elevations.

3.2.2.1 Geological Data
A second primary data source that may ®ome data, such as geological features re-
obtained from a 1:50,000 topographic mamain fairly constant over time, although there
is hydrography. All topographic maps conwill be a refinement of data quality and pre-
tain information about surface water reeision as new research is published. A pos-
sources, and include seasonal streams, psible variable affecting the quality of geo-
ennial rivers, seasonal swamps, organic bofgsgical data is human activity in the form of
and muskegs, deep water lakes, natural waineral extraction, transportation/utility cor-
tersheds and artificial reservoirs. These datalors, and hydroelectric development with
may be utilized by a GIS to provide map layeonsequent reservoir development. These
ers representing hierarchies of water bodieagtivities, among others, may cause signifi-
drainage patterns, headwaters/outflow lakesant change upon surface or subsurface geo-
and so on These data can be organizedlagical formations relevant to proper herit-
polygons or like-groups of grid cells. age resource assessment. Recognition of

these factors and their proper identification
One difficulty associated with obtainingis an important measure that must be under-
hydrographic information from topographictaken.
maps relates to seasonal water bodies. It has
been the experience of the author that wat8r2.2.2 Elevation Data
bodies, designated as seasonal on NTS topidie quality of elevation information ten
graphic maps, may range from runningo remain fairly constant over time, althou
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future refinement and publication of largeties which result in drainage of these stand-
scale versions can greatly augment data qualg-water localities will ultimately lead to
ity. Factors that may affect the quality ofeduced subsurface flows. Such changes
elevation data are major mineral extractiomay have significant affects upon vegetation
activities and/or natural erosional activitie€ommunities and surface stream flows. Data
such as earth loss (e.g. river erosion) arhich reflect these contemporary altered
movement (e.g. sink holes, mud slides). Bffows may not represent flows that were ex-
reviewing the date of ‘culture-check’ on theant in prehistoric or early historic times.
topographic map with any subsequent activi-

ties, concerns over the elevation data can B£2.2.4 Vegetation Data

alleviated. The quality of vegetation data relates to two
factors. The first is the nature of data col-
3.2.2.3 Hydrographic Data lection. While the forest industry may pro-

The quality of surface water data can remawide a complete and detailed catalogue of tree
fairly constant over time. However, longspecies and quality, their catalogue of forest
term landscape transformation can comioor plants may be rudimentary, or at least
about through deglaciation, isostatic refocused upon the distribution of economi-
bound, and short term changes regularly ocally valued plants. Such existing data may
cur as a function of river bank erosion an@rovide excellent coverage of specific tree
natural lake level fluctuations. Other facspecies and sometimes plant communities.
tors that may affect surface water distribuHowever, such forest inventories seldom
tion are major earth-moving/mineral extracaddress the structure and diversity of plant
tion activities that result in altered watercommunities, nor do they discuss the kinds
courses, the creation of new water bodies of plants which might have been important
the destruction of existing water bodiesto prehistoric hunters and gatherers. Also,
Hydroelectric development may also resultegetation surveys carried out for various
in significant alteration of water resourcespurposes in the past, may not reflect the cur-
Upstream from a dam, new reservoir lakesent structure of the plant community.
may be created, flooding extensive tracts of
land. Downstream from a dam, decreaseds has been discussed in Volumes 1 and 2,
water flows may result in altered watethe structure of any vegetation community
courses associated with slight to significans extremely dynamic, and subject to con-
changes in the topography of the valley bostant change as a function of a number of
tom. In addition, massive surges of waterausal factors. Small changes in atmospheric
from a dam can accelerate bank erosion, cr@ad/or environmental factors may result in
ate large estuarine outflow features at dowmamatic changes in plant communities. For
stream mouths. By cross-checking the daexample, increased industrialization has an
of ‘culture-check’ on the topographic mapgmpact upon the natural environment. In-
with any subsequent activities, concerns overeased sulphur emissions has been linked
the surface water data should be alleviatedbo acidification of precipitation which in turn
results in a degradation of forest vegetation
Subsurface water data tend to change signd the decline of particularly vulnerable
nificantly over relatively short periods ofspecies. Clearly a very serious issue for pre-
time. Factors that affect the level of subsudictive modelling is whether a given con-
face water tables are major groundwater ekemporary vegetation community is repre-
traction activities such as community drinksentative of the vegetation in the past. Ad-
ing wells. Also of concern are activities thatitionally, the composition of a given forest
alter groundwater replenishment areas suttact can only be accurately assessed py
as swamps, marshes, and muskeg. Activground truthing’. That is, determinin
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whether interpretations derived from aimwill provide information about access to rela-
photo and satellite data are valid by phystively isolated areas, but they may not be
cally examining representative sample tractsecorded upon currently published maps.
Ironically, logging roads currently recorded
3.2.2.5 Archaeological Data upon published maps may be presently out
Archaeological site inventory data accumuef service and impassible. A proposed trans-
lates over the long term through the effortmission line right-of-way may allow identi-
of a number of researchers. Such data cdieation of areas under consideration for de-
lection is seldom, if ever, complete, and ivelopment. The resulting impact to the her-
can be safely assumed that any site inveitage resource base may then be evaluated
tory is subject to the collective biases of athccordingly.
contributing researchers. In areas where ar-
chaeological reconnaissance is very incon3.2.3 Data Format
plete, the current distribution of sites is mor&hree categories of data format may be ad-
useful for measuring where archaeologisdressed at this time: maps and air photos
have worked rather than reflecting the colavailable on paper; cartographic data avail-
lective inventory of heritage resources. Thuspble in a digital format (i.e. existing GIS data)
the spatial distribution of sites is often deand; non-cartographic data published as
ceptive, and must be used only after a carprose (i.e. reports, journals, field notes).
ful considertaion of the systematic biases &ach of these three data categories offer
work. Archaeological site inventories musstrengths and difficulties that need be ad-
also be reviewed in search of clerical andressed.
typographic errors in defintion of map
coordiates and physical placement upo8.2.3.1 Cartographic Data Available on
maps. Furthermore, a known site may nBaper
longer exist if it has been subjected to acFhe use of paper maps for predictive model-
tivities such as earth-moving and erosion. ling can sometimes be problematical as is
apparent from the discussion in the previous
Archaeological site inventories are consection. Some of these problems related to
stantly being updated. It is important thathe age of data, issues of map scale, and the
the latest site location catalogue is used whégh cost of physically updating and repub-
evaluating the existing archaeological sitéshing new versions of old map sheets.
database. Interpretations about site functidgdiven the high cost of updating data on pa-
also change as a result of scholarly debaper maps, many maps currently in circula-
and rebutal. Careful evaluations of site fundion utilize data that is upwards of 20 to 30
tions must be undertaken to properly placeyears old. While paper maps may include
site within its category (e.g. campsite, lithicremendous amounts of data relevant for use

procurement site, Kill site). in a GIS-based study, several factors must
be considered in order to ensure proper use.

3.2.2.6 Transportation Corridors/ Data on paper maps must be transformed into

Cutting Zones digital format for use by a GIS. Digital trans-

Because of the ongoing nature of industridbrmation of ‘paper’ data may result in the
activity northern Canada, the most recenntroduction of error through distortion as
data available must be utilized when identipart of the digitization process, or at the stage
fying transportation/utility corridors. While of digital data classification.

the position of established transportation and

utility infrastructures tend to remain fairlyPaper maps may possess errors due to mis-
constant, new service roads, transmissianterpretation of the air photos which are the
lines and gas pipelines are installed evegrimary information source. Sometim
year. For example, established logging roadisese errors are not identified as part of
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editorial process, and the long time intervdh the raster GIS market, many different for-
between map updates sometimes resultsnmats exist due to the large number of soft-
the perpetuation of these errors for decadesare packages available. Some data format
Paper is not a static medium, and is subjestandards do exist, and include the IGES
to stretching and shrinking, resulting in thestandard, and the Graphics Kernal System
inappropriate placement of datapoints in thetandard. Due to the nature of the raster data
digital database. This error source will bstructure, information may also be saved in
exaggerated if paper reproductions of paparnumber of generic formats. These formats
maps are used in map digitization. include ASCII (American Standard Code for
Information Interchange), EBCDIC and bi-
Error may be introduced during the scanningary. Of these, ASCII is capable of being
stage when a paper map is transformed int@nslated by all microcomputers.
raw digital data. Information from a paper
map may not be recognized by the computdihe GIS system in use by the Centre for Ar-
scanner and may also be missed by the tedfraeological Resource Prediction at
nician. Lakehead University is MAP II. This GIS
software saves its information in a propri-
Error may also be introduced during the clagtary format. However, it has the capability
sification stage when raw digital data is prodo import data stored in a number of differ-
essed to extract desired information, such aat formats including SPANS, SYLK, TIFF,
water resources, elevation information oPICT, MAP Il Interchange Format (ASCII,
transportation corridors. During classificabinary, decimal, hexadecimal [LANDSAT/
tion, the locations of roads, rivers or key elSPOT]) and USGS DEM Format. MAP I
evation marks may be displaced from thedata may also be exported from the program
actual location by misinterpretation of then a variety of formats that include SYLK,
data, faulty inputting or misclassification.Interchange Format, PICT, TIFF and
Further, errors may also occur when the dag8PANS). This combination of data export-
required are found upon two or more mamg and importing capabilities makes MAP
sheets, requiring each sheet to be scannikd powerful GIS. The data created in MAP
seperately and then electronically refittedl is not limited in utility only with the MAP
Such edge mapping is sometimes difficulli program. It can be exported for use with
to achieve, and requires a great deal of skithost programs available on the Apple Mac-
and practise. intosh as well as numerous programs avail-
able for MS-DOS-based computers. Among
3.2.3.2 Cartographic Data Available in  other potential uses, this allows MAP 1l gen-
Digital Format erated data to be subjected to analysis by sta-
As discussed above, digital GIS data coriistical software and included in written re-
forms to two broad formats: vector angorts with a minimum of tedious (and error
raster-based formats. The numerous Gi8one) manual re-entry of data.
software packages that are commercially
available save data in proprietary formatsA further type of cartographic data available
In the vector GIS market, a few companiefor GIS is available from satellite-based re-
have established a dominant position amomngote sensing devices such as the LANDSAT
GIS users, and as a consequence, the formrsatellite and the SPOT satellite. Both
by which they store their data has becomeANDSAT and SPOT data are commercially
something of an informal standard. Perhamssailable and may be directly imported into
the most popular of these formats is ARCMAP Il, and once interpreted can provide
INFO. current information concerning forest covey,
water resources, transportation routes
geological data, among others.




Cultural Heritage Resource Predictive Modelling Project Final Report — Volume 3

such purchase costs may be quite ‘afford-
3.2.3.3 Non-Cartographic Data Pub- able’. On the other hand, a considerable
lished as Literature amount of data can be obtained at little cost.
The information concerning the existingcor example, elevation and most
heritage resource base is primarily in thaydrographic data can be obtained from NTS
form of text-based reports. Very little of thatopographic maps at a cost of four to five
information exists in a cartographic formatollars per map sheet (plus the costs of hir-
aside from the spatial placement of sitemg data entry technicians). If data is to be
across the landscape. No cartographic heyenerated ‘in house’, then careful selection
itage information exists in a digital formatof a GIS with low training costs is very im-
which is directly usable by a GIS. Other inportant.
formation that may be necessary to update
wildlife habitats, new geological finds or3.2.5 Areal Coverage of Data
vegetation data also exist in printed literaMany large scale land development projects
ture and therefore may also be of use totake place in regions removed from heavily
project. populated areas of the country. There is of-

ten comparatively little spatial information
In the case of printed literature as potentia@bout these remote and sparsely populated
data, an understanding of the nature of theeas, and generally what data is available is
data must be effected. Also, the printed litguite out of date. Much of the extant data
erature will, at some point, have to be transvere gathered on a ‘project-oriented’ basis.
lated into cartographic form which will re-That is, data were gathered to provide infor-
sult in some generalization of the data beingpation about a specific project (i.e. mineral

considered. exploration, forest harvesting) in a specific
comparatively constrained area such as a
3.2.4 Data Accessibility river watershed or a highway right of way.

There are two major factors that may affedtvith the prominent exception of the federal
data accessibility. The first of these relatemnd provincial government topographic map-
to proprietary information. In many in-ping programs, very few data have been gath-
stances, government and private industry aeged on a regional basis. Therefore, if infor-
reluctant to release data for which they hav@ation is to be gathered about large areas
proprietary rights - especially if it is deemedi.e. thousands, or hundreds of thousands of
to be sensitive in any way. Obviously, suckquare kilometres), innumerable data sources
a lack of availability can compromise themust be brought together.
modelling effort. One might be forced to go
through the time and expense of re-acquiBince data coverage is not complete or at a
ing the data, or attempting the research witlzonsistent scale for many parts of northern
out access to important variables. Canada, decisions must be made concerning
how the necessary data uniformity is to be
A second major factor affecting data acceschieved. There are two options available.
sibility is cost. The purchase of proprietaryDne option is to collect more data. Clearly,
data and/or the purchase of commercial datiais option involves a considerable expendi-
(i.e. LANDSAT, SPOT) can be costly. Forture of time and money. While this may be
example, LANDSAT TM full scenes are apthe desired option, it may not always be fea-
proximately $3900 (US) and SPOT fullsible. A second option is to generalize de-
scenes are approximately $1800 (US). Whikailed data to the point that it matches the
the cost of purchasing data may initally apless detailed data. This involves making de-
pear prohibitive, the cost of generating itisions about which details should be rg-
‘within house’ or undertaking modelling moved from a map in order to match it to
without key information makes it clear thaless detailed map. In many cases, this
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eration can be done by computer which maglso serves to perpetuate the ‘spotty’ archaeo-
for example, “sample” out every fifth cell oflogical coverage, and also the underlying
information to achieve less detail. While thisssumptions about prehistoric land use pat-
option is less expensive in terms of time anerns.
money, there may be some loss of informa-
tion and data quality during the various stagé&us the development of predictive models
of generalization. of site location in many parts of northern
Canada requires extensive archaeological
Also, since projects will undoubtedly sparsurveys of test areas as part of the develop-
several years and perhaps longer, decisiomgent of preliminary predictive models. Fail-
must be made towards how to achieve dateie to generate this substantive and repre-
uniformity into the future. This is vitally sentative knowledge base may result in the
important when it is considered that the dataredictive model merely replicating contem-
might be used by several researchers fporary baises.
multiple purposes.

3.2.6 Density of Observations 3.3 DATA ENTRY

One stage in the development of a predic-

tive model involves the study and evaluaAs the current research project exclusively
tion of the existing archaeological database@ses the MAP Il geographic information sys-
This archaeological information is then utitem, the following discussion uses this soft-
lized to provide information about the spaware for illustrative purposes. However, it
tial distribution of sites, the range of site typesan also be treated as a generic discussion of
reported as well as their temporal distriburow GIS data can be collected and integrated
tion. for predictive modelling purposes.

As is the case with much of Canada, archaedhere are three means by which data may be
logical coverage of northern Ontario isentered into the MAP Il GIS: 1) data entry
‘spotty’. Much of the research and many oby scanning; 2) entry of existing digital in-
the surveys conducted have been the restdtmation and; 3) manual entry of data.
of development activities in the form of trans-
portation/utility development (i.e. roads an®.3.1 Data Entry by Scanning
hydroelectric dams). While some areas ddata that currently exist in a non-digital for-
northern Ontario have limited coverage, largmat must be transformed into a digital for-
portions of the region have received no amat for use in the MAP Il GIS. An effective
chaeological coverage. means of carrying out this transformation is
through the use of a flatbed scanner.
In the past, the shorelines of rivers and lakes
have been the primary focus of archaeologh flatbed scanner converts non-digital data
cal investigation. As noted eatrlier, thignto digital data in much the same way a
littorial bias is a function of both preconcepphotocopier copies paper documents. It does
tions about prehistoric human land use, argb by measuring the varying degrees of dark-
the contemporary reality of accessibility andiess and lightness on the original map. Many
site visibility in northern Ontario (Hamilton commercially available flatbed scanners
1990:3). Little or no systematic archaeologihave a glass surface approximately 8.5 x 14
cal reconnaisance has ever been conductedhes in size, and convert non-digital im-
in the upland regions removed from thesages into an 8-bit computer image. An 8-bit
shorelines. This inadequate knowledge bageage is capable of depicting an image us-
is also a function of the limited number ofng up to 256 shades of gray.
archaeologists working in the region. This
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An example of data entry using a flatbedtandard. Should the reduction or enlarge-
scanner is as follows. A map is placed oment capabilities of a scanner not be suffi-
the glass surface of the scanner. The scaent, a standard photocopy machine can be
ner is instructed, via computer software, tased to make a reduction/enlargement of a
take a ‘photocopy’ of the map surface andiven area. That photocopy may then be
the resulting image is sent to a computer @sanned by the scanner and entered into the
opposed to being printed on a piece of p&lS. Of course, with every photo-reproduc-
per. That image is saved in a format comntion of the original paper map, the degree of
patible with MAP Il importing capabilities distortion of the mapped data increases.
(TIFF) and is subsequently imported into
MAP II. 3.3.2 Entry of Existing Data in Dig-

ital Format
At this point, the scanned image is merelAs discussed above, data that are already
patterned represntation of the original magtored in digital form exist in a variety of
using a variety of shades of gray. In order tdifferent formats. Some of these formats are
render the image usable by MAP II, manuammediately compatible with MAP Il while
classification must be undertaken. For exathers will require translation in order to be
ample, if one seeks to isolate and define @mported into MAP Il. There are two cat-
evation contour lines, then each contour linegories into which digital data may be
must be ‘traced’ and assigned a legend valudassed: 1) data that require no intermediate
In this case, the legend value will likelytranslation and; 2) data that require interme-
corresond to the elevation value, but valuefiate translation.
can be arbitrarily assigned. In effect, the
process of classification involves assigning.3.2.1 Digital data that require no
an unique ‘attribute state’ name to map celimtermediate translation
that are to be treated as the same. In thMAP Il has the capability to directly import
way, the computer may then treat that mag number of different data formats without
category, in this case a given elevation, astlae need for any intermediate data transla-
separate variable, consisting of several attrition. These conform to a variety of standard
uted states, and isolate it for further manipunicrocomputer data formats.
lation.

One such format is the Tagged Image File
Past experience using flatbed scanners Emrmat (TIFF) available on both Macintosh
input data into MAP Il has proven to be quiteand DOS computers. The value of a TIFF
effective. Atremendous amount of informatmage is that it stores information concern-
tion can be quickly and accurately enterenhg the various levels of gray apparent in the
into the computer. Since one is essentialljcanned image. Another standard format is
‘tracing’ information, positional accuracy ofthe Interchange Format which includes files
data is of very high quality. In addition, sincesaved in ASCII format. This generic file for-
a scanned image of a topographic map withat exists on virtually all computer platforms
also include geopositioning data such ascluding DOS and Macintosh. Any type of
UTM gridlines, placement of additional datanformation can be saved in ASCII format
is greatly facilitated. including text and numerics. A third format

is the Symbolic Link (SYLK) format used
As most scanners have the capability to r@rimarily to store the relatively complex in-
duce or enlarge an image, one can arrive at@mation derived from computer
desired map scale with some ease. Furthepreadsheets. This format also exists on both
more, if working with several data sourceshe DOS and Macintosh platforms. T
rendered at different scales, map scales cBICT format exists only on the Macinto
be electronically adjusted to match a datalatform and is used primarily to store p;
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ture information, both black/white and col-
our. The importance of the PICT format idHowever, Dr. Micha Pazner at the Depart-
that it translates data, drawn as polygons ment of Geography (U. Western Ontario), the
various software packages, into rasterimagbesad of the Map Il development team, has
that are acceptible into MAP Il. This is ex-developed translation modules that enable
tremely useful if some maps have been drawdAP 1l to translate vector-based GIS
using computer aided design (CAD) softdata,(such as SPANS), into a format read-
ware. Finally, a translation module allow-able by MAP II.
ing the importation of SPANS data created
on the SPANS GIS platform has been adde313.3 Manual Data Entry
to the MAP Il package, adding to its flex-In any project involving the use of a GIS,
ibility. Thus, data that are created on virtuereating and editing data requires consider-
ally any microcomputer may potentially beable expenditures in time and money. If the
imported directly into MAP II. processes of data generation and editing can
be expedited, the project can realize substan-
In addition, the MAP Il Interchange Formattial savings. One of the powerful features of
allows for direct importing of commercially- the MAP Il geographic information system
available remote sensing data includings the ability to create or edit data directly on
LANDSAT MSS, LANDSAT TM, and the screen using the ‘screen tools’ available
SPOT. These data are stored upon tapes amithin the package. Using these screen tools,
therefore, must be downloaded to a micraspatial information ranging from individual
computer. This process can often barchaeological sites, to road networks, to for-
achieved via a mainframe. An alternate sest quality classifications can be entered di-
lution is the acquisition of a reel-to-reel tapeectly on the screen without the need for er-
drive with a microcomputer interface. ror prone digitizing tables or data translation
procedures.
The resolution of remote sensing data ranges
from low resolution MSS data (80m) to highWhile manual entry is possible for any of
resolution SPOT data (20m and 10m). Thesbke types of data, it is unrealistic for the large
data can greatly aid in the identification oolumes of data associated with geology,
current land use practises, and the spati@rest quality, hydrology, elevation, among
arrangement and extent of subtle geograplother variables to be entered in this manner.
cal features in poorly mapped areas. THae fact, the power of manual data entry comes
U.S. Geological Survey (USGS) Digital El-in adding, deleting, or revising data that were
evation format can be imported directly intentered via scanners or downloaded from
MAP Il. While USGS data may not be nectapes. A newly discovered archaeological
essary for some projects, the potential for itsite can be added to the database simply by
use allows MAP Il to be used for projects iropening the map layer associated with ar-
the United States as well as other parts ohaeological sites, selecting the appropriate

the world. screen tool, moving the tool to the location
of the site on the map and then clicking the

3.3.2.2 Digital data that require inter- mouse. The map cell associated with this

mediate translation site is identified and saved into the database.

While MAP Il has the capability to directly Thus, the necessary tasks of data revision and
import a number of different data formats, itreation are simplified through the use of
cannot currently import formats that are nagcreen tools available in MAP 11.

in raster format. Thus, GIS data created us-

ing vector-based systems, such as an ARC-

INFO system are not immediately usable by

MAP II.
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3.4 DATA MANIPULATION also be considered part of a carto-
graphic model (Tomlin 1990:4).

The major difference between geographic

information systems and other computerfhis method of manipulating map layers in-

based cartographic systems volves what Tomlin defines as ‘map alge-

...I1s the provision of capabilities for
transforming the original spatial data
in order to be able to answer particu-
lar queries...Geographic information
systems, however, provide a very
much larger range of analysis capa-
bilities that will be able to operate on
the topology or spatial aspects of the
geographical data, on the non-spatial
attributes of these data, or on
nonspatial and spatial attributes com-
bined. These analysis capabilities
will, in most geographic information
systems, be provided in such a way
that a user can work interactively in
order to perform the analyses and
syntheses required (Burrough
1986:81).

bra’. Since the average user has little train-
ing in computer programming, an approach
to spatial analysis that does not require a tech-
nical computer background facilitates re-
search by allowing non-GIS technicians to
apply GIS to their own research fields. The
average computer user will, however, have
a good general knowledge of mathematics
as well as more specific knowledge on the
subject which his/her project is focused. Map
algebra takes advantage of this knowledge
base by not assuming the user has a back-
ground in computer programming. Map al-
gebra enables spatial analysis and carto-
graphic modelling by utilizing natural lan-
guage commands. The utility of this ap-
proach is apparent in the discussion in Vol-
ume 4 of this report series.

In MAP II, each map layer has a distinct

MAP Il uses of a method of data manipulaname. For example, the map layer describ-
tion called cartographic modelling (Tomlining topographic relief might be called ‘El-
1990). A cartographic model can be envievation’. A second, different map layer
sioned as a bound collection of thematimight be called ‘Water’. The various spatial
maps, much like an atlas. However, it is analysis operations in MAP Il also have
collection of maps that are organized sucimatural’ names. For example, the operation
that each of these maps contain informatiomhich enables one map layer to be combined
pertaining to a common study area. with a second is called COMBINE. If one
wishes to combine the ‘elevation’ map with
the ‘water’ map, the necessary command se-
guence would be: COMBINE <Elevation>
with <Water>.

It is important to note that a carto-
graphic model conveys information
about its study area in both implicit
and explicit form. ...each of the lay-
ers of data within a cartographic
model will explicitly describe the

3.4.1 Advantages to Cartographic
Modelling

nature of each location in its study
area in terms of a stated characteris-
tic. ...a great deal of information that
is not explicitly recorded (at least not
at first) is nonetheless implicit in the
spatial and logical relationships
among those data that are recorded
and in the meanings attributed to
them. This implicit information must

Cartographic modelling using the ‘natural
language’ approach has a number of very
important advantages. First, because the user
IS communicating with the computer using
terms similar to everyday language, learn-
ing advances at a very quick pace. Novice
users can be taught sophisticated carto-
graphic modelling procedures in a matter of
weeks. For example, at the Departmen
Landscape Architecture (University of Ma
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toba), the author directed a studio projechanager requires the identification of areas
aimed at modelling Manitoba Provincial landf heritage value. In addition, the identifi-
use policies. In conjunction with provincialcation of areas that have little or no heritage
and rural township officials, a graduate stuvalue is also required. The clear delineation
dio used MAP Il to model thirteen rural landof this goal greatly simplifies the task of iden-
use policies in an effort to evaluate land avaitifying those areas. Once the goal is known,
able for rural residential development. Therimary data can be acquired. Flowcharts
students in the class were 1st and 2nd yeautlining the various map manipulations re-
graduate students with no experience usirguired to manipulate the data can be con-
MAP 1l and little experience using Macin-structed indicating the various procedures
tosh computers. necessary to identify high-value heritage ar-

eas. Various scenarios can be offered and
Within one month, all primary data had beenompared; ‘what if’ analyses may be con-
entered by the students and data manipulsttructed, and numerous solutions to poten-
tions were undertaken. The Provincial lantal difficulties can be identified and ad-
use policies included development restricdressed.
tions due to prime agricultural land reserve,
wildlife impact, water resource impacts, recThus, even before the computer is turned on,
reation impacts, industrial impacts, transpothe necessary data that need to be acquired
tation impacts among others. Within twaare identified; the data manipulations that are
months of the commencement of the projeatxpected to be performed are indicated; op-
a presentation was made to provincial anibns and alternatives are outlined; an ap-
township government officials. In this presproximation of time expenditures may be
entation, graphic and statistical data wenglotted and an expectation of goal achieve-
used to illustrate areas coming under devahent can be calculated. Such focused plan-
opment constraint as a result of land use polting offers significant savings in time and
cies. In addition, a map was generated illusaoney.
trating areas where rural residential devel-
opment could take place and, equally impoB.4.2 Disadvantages to Carto-
tant, areas where development could not takeaphic Modelling
place due to policy restrictions. There are two cautions regarding carto-

graphic modelling. One is based on the as-
In this exercise, students with little or nasumption that all the information contained
computer experience and no MAP Il softin the various data layers is error free. To
ware experience effected sophisticated analgissure that this assumption is valid, all data
ses in a very short time period. They mashould be carefully reviewed and corrected.
nipulated millions of pieces of data addressf errors persist in a data layer, they will be
ing sophisticated issues. Clearly, the cart@erpetuated throughout model construction.
graphic modelling approach utilized by theOf course, such error checking is necessary
MAP Il package greatly facilitated their taskno matter what GIS software is used. As each
The utility of such ‘user friendly’ data stage of modelling and data transformation
guerrying and manipulation by personngbrogresses, such errors and their cumulative
trained in heritage resource managemeaffect become more difficult to identify and
rather than GIS data management is obypurge from the model.
ous.

A second difficulty with cartographic mod-
A second advantage of the cartographic moe#ling is that the person doing the modelling
elling approach is that the analyst is forcethust have an intimate knowledge of the da-
to clearly define the modelling issue to béabase. That person must also understgad
addressed. For example, a cultural resourbew specific data manipulation operati
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modify the database. Failure to understarid a raster database, maps may be assigned a
the nature of these data manipulations caell resolution of any value. As noted ear-
easily result in the production of derived dather, a cell may be assigned a resolution of 1
layers that may be meaningless. Itis incunkm resulting in each cell on the map repre-
bent upon the cartographic ‘modeller’ to nosenting 1 square kilometre. Thus, the small-
only be cautious with the operations beingst feature on the map must be represented
performed, but also to ascribe the appropras being at least 1km x 1km in size. Small
ate meaning to the results of those transfostreams will be represented as being 1km
mations. wide. Roads and utility corridors will be
represented as being at least 1km wide. A
Thirdly, it is important that the user undersingle archaeological site is represented as
stand the subject matter and understand thet being smaller than 1 square kilometre.
logic behind the correclations. This is nec-
essary to ensure that that causative interpMth a cell resolution of 1km, a map 100 x
tations are made of the results, not spuriod®0 cells can depict an area of 10,000 square
correlations. kilometres. Furthermore, an area of that size
can be stored on a hard disk using very little
space. Because of the relatively small map
3.5 DATA RESOLUTION size, computations involving maps derived
from this database will take very little time,
In a project involving the use of geographiand spatial operations in MAP |l proceed
information systems, an extremely importantery rapidly.
consideration is data resolution. As discussed
earlier, raster data representation assumBgpending upon the needs of some projects,
that spatial information is treated as if it wer¢his coarse cell resolution may be quite ad-
a flat Cartesian surface. Each cell in the daquate. However, many topological features
tabase is then associated with a square pwil be grossly overrepresented. Inthe case
cel of land in reality. When entering dataf a project involving archaeological sites, a
into a digital database, one must consideell resolution of 1km is far too coarse - it
what scale to assign each cell. The size eadbes not represent ‘reality’ precisely enough.
cell represents in reality is called cell reso-
lution. Conversely, a map with a cell resolution of 1
metre permits the representation of cultural
Cell resolution is an issue that deserves coand natural landscape features at the preci-
siderable attention. It not only involves dission of 1 metre. Ideally, such precision would
cussion of how representative the databaserve archaeological predictive modelling
is of reality but also brings into consideraadmirably. Isolated find spots, such as the
tion pragmatic issues of file size and comlocation of a single projectile point could be
putation time. Cell resolution, file size andepresented with great accuracy. Topologi-
computation time are all discussed in moreal features could also be represented with

detalil. great accuracy, rendering a computer repre-
sentation of the landscape very credible.
3.5.1 Cell Resolution Such a cell resolution would be appropriate

Before any data is entered into a databasefax research projects that involve the analy-
decision must be made concerning cell reseis of individual sites and their immediate
lution. For example, when it is stated that anvirons.

map’s cell resolution is 25 metres, each cell

on the map represents 25m x 25m (625 sgowever, a map that was 100 x 100 cells yn
m.) on the ground. size would only represent an area of 10,
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square metres, or 1 hectare, albeit with greemporary computer capabilities. Further-
accuracy. However, such a fine data resolunore, 30 metre cell resolution is the same
tion is currently unrealistic for regional pre-resolution in which LANDSAT TM data is
dictive modelling encompassing thousandsbtained. While some geometric rectifica-
of square kilometres. Using such a cell resdion is necessary to correct the TM data to
lution to map even a few square kilometremap sheet datum references, once corrected
would become cumbersome to perform spdhe satellite data is immediately compatible
tial analysis and transformation. A projectvith project maps. This possibility provides
would become figuratively mired in a com-exciting possibilities. For example, the
putational swamp. Even the simplest operd-ANDSAT TM data could be overlaid with
tions would take hours; the more complicate®IS produced data to compare logged areas
might take days. with areas of predicted high heritage value.

In sum, cell resolution is not machine de3.5.2 Map Size and File Size
pendent, but rather, is project dependent. THéne issue of file size should not be confused
needs and goals of a project will guide theith map size. While they are related, they
selection of an appropriate cell resolutionare in fact two different subjects. Map size
Most cultural resource managers focus therefers to the number of rows and columns
concerns at the level of the archaeologicahaking up the actual map and, consequently,
sit, and in northern Canada an archaeologihe area covered by the map. File size refers
cal site can range from one stone chip ene the amount of storage space the map takes
compassing only a few centimetres to as largg on the computer hard disk.
as several hectares, encompassing multiple
occupations. While there is no such thing d& MAP II, the absolute maximum number
average archaeological site size, sites discost rows in any map is 64,000 and the abso-
ered to date tend to average smaller than 5daote maximum number of columns in any
x 50m in size. map is also 64,000 (Pazner et. al. 1989:4).
If one were to construct a map 64,000 x
Therefore, a cell resolution of 50m could64,000 cells in size with a cell resolution of
appropriately represent many archaeologic80m, the total area represented by the map
sites in northern Canada, although some siteould be 1920 km x 1920 km or 3,686,400
will be overrepresented. However, 50 mesquare kilometres.
tres might represent only the width of a sub-
stantial river, and while some highways maydowever, while the possibility exists to rep-
approach a width of 50 metres, most roadgsent a huge area using one map, such a map
in northern Ontario are considerably smallers presently unreasonably large to manipu-
late. One solution is to divide the large map
A cell resolution of 30 metres offers a reainto several smaller maps that together rep-
sonable compromise between over-generaliesent the large region. Again, the decision
zation and unwieldy file size and data redunconcerning map size is essentially project
dancy. Unavoidably, some data such as smakpendent, and must be evaluated on a case
creeks will be generalized to a small degredy case basis.

A 30 metre cell resolution is an attractive-ile size relates to the physical storage space
option for archaeological projects. Using & map file requires on a computer disk. A
resolution of 30m x 30m, a map 300 x 30@nap that is 600 x 400 cells in size with one
cells in size could represent an area of 8&gend entry takes up 285k on a disk. When
square kilometres. This is a substantial aretis considered that an 80 Mb hard disk cgn
to be represented electronically given constore up to 80,000k of data, 280 files at 2




each can be stored on one hard drive. 1t&6 SUMMARY
unrealistic to assume that all files will be
285k in size. An average file size of 400k ihe integration of geographic information
more realistic for comparison purposessystems into archaeological research has
Thus, a 80 Mb hard drive could store up toonsiderable benefits to archaeologists. First,
200 map files. The size of files already gera GIS allows a researcher to consider areas
erated by the Centre for Archaeological Renuch larger than could be done using more
source Prediction range between 1100k anditional, manual cartographic and database
284k. The majority of maps are less thamethods. Secondly, and specifically with
400K in size. respect to predictive modelling, analysis of
regions can be done uniformly over the en-
The number of legend entries depends upaine area.
the variety of data being displayed on one
map. MAP Il maps can contain a maximunT he introduction of computerized techniques
of 32,000 different legend entries (Pazner etesults in the consideration of many factors
al. 1989:4). Indeed, a legend of this size withat are not traditionally addressed by archae-
result in a file that is several megabytes inlogists. These issues include age and type
size. Perhaps the map layer that is the masdtdata, differing digital formats, means of
demanding in terms of legend entries is thentering, and exporting and presenting data.
elevation map, which may contain several
thousand different elevation categories. I®verall, the theoretical basis upon which
general, most maps will not exceed 25-3predictive modelling rests and the practical
legend entries while some may reach 100.considerations integral in the development
and application of a predictive model are
important in understanding, applying and
interpreting the prototype predictive model
presented in Volume 4 of this report series.
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