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Abstract
This research performs an analysis and modeling of migration movement of 
cultural areas with respect to both spatial as well as temporal aspects. Past 
research focused mainly on moving point objects, which may be satisfactory in 
most cases, but does not answer the questions posed in our thought experiment 
in the Amazon region.
Archaeologists assume that pre-colonial cultures migrated from the western part 
of South America along the Amazon River to its delta. When representing these 
cultures (or their influence areas) as polygons a movement or migration pattern 
should become visible based on different ages of excavated artifacts and 
language shifts. Using this particular example, I aim to analyze the movement of 
polygons across the landscape. Therefore the topography and geographical 
conditions are taken into account in order to categorize the type of spatial 
change.
When analyzing moving polygons a change of shape versus movement needs to 
be differentiated. An area can change its shape between time ti and time tj i.e., 
shrinking and expanding, or it can change its location i.e., moving, or both. In an 
initial approach a comparison of polygons in different time steps is being made, to 
narrow down the number of not clearly defined changes. Additionally the 
geographical context is going to be factored in the analysis of shape changes

Keywords: moving polygons, spatio-temporal analysis

1 Introduction

The focus of this research is on modeling and analysis of spatio-temporal data in an 
archaeological context.

Archaeologists assume that pre-colonial cultures migrated from the western part of South 
America along the Amazon River to its delta. Depending on the cultural habits different 
environmental conditions are required for the movement. To describe this the concept of 
affordances is used (Gibson, 1979) which characterizes the offers of the environment 
depending on the specific needs.
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To gain a better understanding of how the migration processes took place a spatio-temporal 
analysis is reasonable. A more detailed view bn "where" and "when" may lead to new 
knowledge concerning the movement behavior.

A lot of research focuses on moving points, which, in most cases may be satisfactory. "The 
majority of research into monitoring and analyzing movement behaviors focuses on moving 
point objects. Acknowledging that handling space-time is already difficult enough, moving 
entities are mostly treated as moving points even if they have spatial extent (as for example 
moving cyclones)." (Laube 2009, p2). For other approaches the use of points for representing 
moving objects is not adequate and further research has to be done.

Space-time statistics allow among other things the identification of clusters but "...provide 
no mechanism for exploring variations in the shape, orientation, size, or movement [...], or to 
map locations where there have been temporal changes in identified spatial patterns" 
(Robertson et al. 2007, p.208). Robertson et al. described spatial processes for polygons 
observed in several time steps. Therefore they present five new movement events to 
characterize the changes through time (see

Figure 1).

Start Event Ti within d 
becomes

T2 within d 
becomes

Generation Displacement 

o °

Generation 

o °

Disappearance Disappearance 
o

Displacement 
o °  '

Expansion Convergence Fragmentation 
o

Contraction Concentration 
o

Divergence ।

Figure 1 Types of movement based on polygon events involved in proximity relation. In each 
case, the unshaded polygons are T1 and shaded polygons are from T2 and the movement 

type is based on a polygon being within a threshold distance (d) of the start event. For other 
movement events, only the generation or disappearance events are reclassified as the new 

movement type (source: Robertson et al. 2007, p.212)
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These moving events are based on homogeneous regions that don't factor the geographical 
context.

Junghans and Gertz (2010) presented a method to model and forecast the development of 
moving regions. Their research is based on moving regions that can either be homogeneous 
or heterogeneous where isolines are used to describe the heterogeneity of region's interior. 
They put emphasize on the fact that research focusing on moving regions is has a certain 
relevance for broad range of applications.

Factoring the affordances and identifying from a change of the polygon weather or not a 
change also signifies a movement or if the change is due to the vagueness of the underlying 
data, or an actual shrinking/expansion of the influence area of a people is a topic this PhD 
thesis is dealing with.

2 Movement or Shape change?
The areas of settlement can shrink or expand, move, or both. Assuming an isotropic and 
homogenous space, the distinction between movement and changing shape may be difficult 
-  or even impossible. Incorporating geographical base data into the spatio-temporal analysis 
means that potential movement becomes constrained with respect to features in the base 
data, thus allowing to distinguish between potential movement and shape change.

A first approach for analyzing moving polygons is to describe a polygon for two or more time 
steps. Based on predefined assumptions a first characterization of the polygon's 
transformation is possible (see Figure 3). Let P be a set of polygons of the same entity in 
several time steps. If set Pti is equal to Ptj (D I) then neither change of shape nor movement 
has taken place.

DI: Pt, = Ptj: □  Vx (x e Pt □  y e Ptj)

If the intersection of Pti and Ptj is an empty set (D2) a movement process has taken place. A 
definite statement about the change of shape is not possible by only identifying that there is 
no overlap.

D2: Pt, n Ptj = 0

In many cases the intersection of Ptj and Ptj returns a non empty set (D3) that makes it 
difficult to detect movement or change of shape.

D3: Ptj n Ptj = -0
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Figure 2 Two possible constellations of a Polygon in three different time-steps. Left: 
Polygon Pt, is subset of Ptj and Ptj+i(D4), right: Movement between time step L  and time 

step tJ+i

Figure 3 Three possible constellations of a Polygon in two different time-steps.
Left: Polygon Pt, equals polygon Ptj (DI), middle: The intersection of Polygon PL and polygon 
Ptj returns an empty set (D2), right: The intersection of Polygon PL and polygon Ptj returns a 

non empty set (D3).

To provide more information about the moving polygons it is necessary to additionally 
compare some other characteristics of the polygons (i.e. center, standard distance, extent, 
or rotation). If at least one of these aspect changes during two time steps L and tj and the 
intersection returns a non empty set, a change of shape can be identified but a statement 
about movement is not possible. E.g. if a landowner purchases additional land properties the 
shape of the estate changes but does not imply movement.

By examining more than two time steps (if available), some of the ambiguous cases can be 
categorized. For instance let the intersection of PL and Ptj be a non empty set but the 
intersection of PL and PL« is an empty set (see Figure 3).
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In this case there has been movement but it's not clear if there has been a continuous 
movement process or not. When Pt, is a subset of a sequence of time steps Pt,, Pti+i ... Pt^x 
the polygon is probably expanding (D4).

D4: Pti c (P t i, Pti+1 ... Pti+X)

One current hypothesis is, that by clustering the different properties of polygon change, 
some more concrete statements are possible. The previous considerations are based on an 
isotropic and homogenous space and still don't cover every possible combination of change. 
Thus, the first goal of the thesis is to enumerate and categorize all possible polygon changes 
building on Robertson et al.

3 Enter Geography
A solution to further differentiate between moving and changing shape could be to factor 
the geographical context in the analysis of the shape change. For this, semantic categories 
need to be introduced such as stationary objects functioning as barriers (e.g. mountains), or 
facilitators of movement (e.g. rivers). In addition, field-like qualities such as soil condition or 
population density might be necessary. Topography is a critical determining factor for 
movement because it may have a restricting or a facilitating influence. The Amazon River e.g. 
can support as well as constrain movement. The described spatial influences on migration 
movement are also time dependent. For instance, the technical capabilities to overcome 
spatial obstacles depend, among other things, on the respective time period in which the 
culture lived. In order to identify e.g. the potential path area (PPA), knowledge about 
migration behavior (barriers and facilitators, speed, technical capabilities) is necessary. 
Therefore a combination of temporal as well as spatial knowledge is required to explore 
characteristics of the migration movement.

To clarify the idea explained above it shall be described using two examples:

3.1 Oil spill

Observing the extent of oil spill is another example for the spatio-temporal analysis of 
moving polygons (see Figure 4). The affordances oil requires to spread in water are different 
from those needed by cultures to move. E.g. the ocean current and wind speed and direction 
influence the change of the extent. Only comparing the characteristics of polygons in an 
isotropic and homogenous
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Figure 4 Trajectory Forecast Mississippi Canyon 252, left: estimate for 11.05.2010, right: 
estimate for 13.05.2010 (source: NOAA 2010)

Trajectory Forecast
Mississippi Canyon 252 ’wcDT.Mocday.s.i&io

space refuses the identification of whether a change of shape or a movement in several 
cases. This means the context in which the movement is going to be analyzed is necessarily 
needed.

3.2 Language groups

Curt Unkel Nimuendaju created a map containing the South American tribes, their spread 
and the language group they belonged to (see Figure 5). Some of the cultures seem to move 
along the Amazon River or its tributaries while others stayed at the coastline and therefore 
had to cross rivers several times. Nimuendajus map intensifies the presumption that at least 
the topography is an important factor for movement of indigenous tribes in South America. 
But the influence of the topography (and maybe other affordances) varies. To identify the 
potential facilitators or barriers for movement/migration is a difficult task because they are 
depending on the cultural habits, their technical capabilities, etc. The affordances of space 
(e.g., quality of soil, height of the land above floodplain, nearness to drinking water, 
potential for trade, accessibility, etc.) for the specific properties of the peoples (e.g., 
nomadic, sedentary) have to be taken into account.

It seems that the context (the affordance) is necessary to identify movement. It might be 
conceivable that the comparison of several polygons in two different time steps returns the 
same results but is movement in one case and no movement in the other.
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Figure 5 Small excerpt of a map showing the spread of tribes divided into language groups 
(source: Unkel Nimuendaju 1944)

4 Additional considerations
Challenge: no culture-chronological framework

Our knowledge of the pre-colonial period of the immense Amazon basin is disproportionate 
to its size. Traditionally, archaeological research in South-America still is dominated by the 
so-called High-cultures of the Andean region. While, based on a high quantity of detailed 
archaeological information and collected data, it is possible to make statements about, for 
example, culture-change, social systems, nutritional and subsistence habits of the Andean 
region, in the tropical lowlands archaeologists are still working on a culture-chronological 
framework for the few known pre-colonial cultures.

Challenge: different preservation rates of archeological artifacts

The difficulties of systematic archaeological research in the Amazon are not only related to 
theoretical questions and to geographical factors but also to preservation of material 
culture. The variety of archaeological artifacts is drastically reduced by the tropical climate 
conditions. In the pre-colonial sites of the more arid regions of Peru, besides ceramics, 
metal, human relicts, wood, leather, feather, cloth and fibers are preserved. In the Amazon 
area in the contrary, due to highly moist combined with high temperatures, only un-organic 
materials, such as ceramic and some stones and charred materials, can be found by 
archaeologists. (Hilbert & Hilbert 1979)
Challenge: Small number of excavations, potentially non-representative

This research is based on archaeological data obtained from excavations. For each 
excavation site, the data contains not only spatial information but also additional facts about 
the different cultures (horizons, traditions and phases) that had settled there as well as their 
chronological order. Due to the data source, the available information does not contain 
every settlement but only those that were excavated. That leads to the problem of data 
availability and reliability. The excavations up to date have been mostly done in so called 
Terra Preta terrain, above the floodplain along the river in relatively easily accessible places. 
However, several excavation sites in the middle of the forest have proven that there might
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be many more former settlements in the jungle than hitherto known. In addition it is not 

clear if the floodplain has ever been settled or if the settlement places were restricted to 
places outside of the floodplain. Another problem related to the data is that the materials 
used in earlier cultures cannot be preserved and thus found after centuries, if they are of an 

organic nature such as feathers and wood. This can lead to misinterpretation or over­
estimation of the influence of certain culture-traditions that used stone and ceramics instead 
of bones, wood and feathers.

Challenge: inherently vague data

Furthermore, archaeological data is inherently vague (geographically and temporally). The 
radiocarbon dating method to discover the age of artifacts is imprecise and produces a range 
of potential dates or an error margin. In addition, radiocarbon dating is only done for some 
artifacts because of its high costs. An additional problem lies in the fact that the dated 
artifact might even not be of that culture because of trade or marital customs.

The goal of this PhD thesis is to develop a procedure to analyze spatio-temporal movement 
behavior considering the archaeological data focusing on the characteristics of moving 
polygons.
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