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1 Introduction 

This research is about the estimation of moving regions out of 

point data sets taking into account specific spatio-temporal 

relationships in the data. In concrete terms we mean to 

calculate area(s) of influence out of excavation data in the 

Amazon Region. 

A lot of research focuses on moving points, which, in most 

cases may be satisfactory [11]. For other approaches the use 

of points for the representation of moving objects is not 

adequate and further research is necessary, e.g. when 

analyzing the changes of areas between two or more time 

steps, especially, when geographical aspects should be 

factored into the analysis. 

This research focuses on the problem of deriving moving 

regions from temporal point data. This case study copes with 

very little point data sets and even missing values. The 

difficulties we had in establishing a time orientated movement 

patterns of the prehistoric indigenous cultures throughout the 

great Amazon area were, mainly related to the often missing 

radiocarbon dates. 

This work focuses on the macro level to understand the 

spatio-temporal processes and relations of cultures in the 

whole Amazon Region. 

In order to reduce the temporal uncertainty caused by the 

lack of radiocarbon data this research is based on the 

following hypothesis: 

• The first appearance of a new culture starts with 

settlements at strategically important sites which are 

big and used by more than one culture (so called multi 

phased excavation sites).  

• This is followed by a period of expansion and the 

foundation of new settlements. Next to the important 

multi phased sites there are several others (still big) 

which were only used by a specific culture (single 

phased). 

• The era of the culture ends with retreat, shrinking and 

smaller settlements. Which means that only small 

single phased excavation sites are factored. 

This distinction allows estimating three time intervals. The 

few given radiocarbon dates are used to specify the transition 

period. 

The rest of the paper is organized as follows: in the second 

chapter a brief over-view over the existing literature is given. 

Chapter three describes the method which is used to calculate 

the area(s) of interest. The case study is shown in chapter four 

and the conclusion and discussion are presented in chapter 

five. 

 

 

2 Background 

There is no coherent definition of archaeological cultural 

divisions. We understand tradition as a group of elements or 

techniques with temporal persistence at a larger scale, and 

culture as any material culture complex and features related in 

time and space at a more regional or site-related scale [15]. 

The idea of deriving regions from archaeological site patterns 

is not new and has been commented on before. 
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Abstract 

How can we derive the changing area of influence of specific cultures from only a few excavation sites in the Amazon region? The 

approach used for calculating areas of influence for several time intervals strongly depends on the kind of available input data and the 

examined issues. Our approach divides the input point data into different time intervals and calculates an area (or areas) of influence for 
each, factoring in spatial and temporal uncertainties inherent in the data. The computation is based on a cost surface, which is derived from 

the needs and capabilities of the analyzed prehistoric culture or tradition. To take into ac-count that archaeological data is inherently vague, 

the database is able to handle spatial uncertainties by applying varying maximum distances. Based on the cost raster and the maximum 
distance a maximum cost value is calculated which is used to derive the said area(s) of influence, which can then be analyzed for changes. 
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“The ability to establish territorial extents of political, 

religious or economic zones in a quantitative, formally correct 

way allows us to transfer hypotheses and knowledge from 

observations made at single archaeological sites to the 

landscape surrounding them – effectively moving from point 

to area-based descriptions.” ([4] p. 245). A “territory” is 

supposed to be explored by inhabitants of the settlements and 

its boundaries are defined by “low-cost” factors and by the 

maximum circumference people are willing to walk in order 

to get food or other resources [18]. In order describe the 

political influence (I), [16] presented the so-called Xtent 

model. It factors in the settlement sizes and distances between 

them. Two coefficients determine the weight of the 

parameters and therefor the balance between size and 

distance. 

[4] presented an enhanced version of the Xtent model, 

which allows the integration of topographic features. Both 

versions are highly dependent on the used coefficients due to 

the underlying formula invented by [16]. 

Another approach to model areas of influence is the site 

catchment analysis. It is based on the supposition that every 

settlement is surrounded by a catchment area understood as a 

zone of resources, domestic or wild, inside an easy travelling 

distance from the settlement. The further the resources from 

the site the more difficult their exploitation. Therefore the 

analysis needs specific knowledge about the excavation site 

and draws conclusions based on the findings. The size of the 

areas is determined by the sources of the materials (e.g. stones 

which don’t exist close to the Amazon River) or the maximum 

traveling distances to procure resources [18]. 

 

 

3 How to calculate an area of influence 

In our approach, a combination of the territory and site 

catchment analysis is being used to calculate the area of 

influence. The maximum territory is estimated using a 

maximum distance a culture is willing to walk. On the basis of 

this, the site catchment is calculated which factors in the 

distances to resources needed by the culture (e.g. stones).  

 

 

 Database 3.1

The core part (orange) holds the information about the 

excavation sites and their findings. Each excavation site is 

unique but it can contain several findings, which in turn can 

be assigned to different cultures and traditions. The thematic 

part on the lower right in figure 1 (red) stores the cultures and 

traditions and the relation between them. The part handling 

the information about the maximum spatial extent (and by that 

the importance of a certain excavation site for one tradition) 

and its spatial uncertainty is displayed on the upper right 

(green). Based on the fundamentals of fuzzy-logic a truth 

value alpha (α) is used to factor the spatial uncertainty. That 

means the higher the α-value, the more exact is the maximum 

distance for that specific excavation site and culture. The 

fourth part (brown) handles the temporal information and is 

basically one table which stores the radiocarbon data and its 

uncertainty interval (e.g. 450±45 BP). The last three tables 

(blue) are used to store metadata. Besides the already 

mentioned data, some meta-information about the 

archaeologist, the source of the data and the institute, which 

performed the radiocarbon dating, is being collected (see 

figure 1 for complete database schema).  

 

 

 Creation of Crast 3.2

The point data from the excavation sites form the basis for the 

analysis. Additionally, environmental data about rivers and 

the location of waterfalls is integrated. 

The needs and capabilities for each culture depend on 

environmental, social and economic circumstances. The soil 

quality or trading relations are only two variables, which may 

have an influence on the shape of the area.  

The carrying capacity of an area is understood as the 

number and density of people that any region can support [5]. 

The carrying capacity of an area can be altered by people 

manipulating their land by burning wood or producing fertile 

soil, planting trees and crops [2]. Therefore, a cost raster 

(Crast) is calculated, which provides the basis for the site 

catchment creation. The natural resources in the Amazon 

(besides water and its related occurrence of food) are quite 

similar, thus they are considered to be ubiquitous. 

As input for Crast several information sources may serve, 

which are relevant for settlement in the Amazon Region. 

Based on [3] settlements are usually close to rivers due to the 

need of water. Therefore, an inverse cost distance raster is 

calculated for the rivers. The blackwater rivers (less nutrients, 

fish, etc.) gradient increases faster than the nutritious 

whitewater rivers’s gradient. The flow direction of the 

Amazon River (not its tributaries) is included. In addition, the 

distance to the waterfalls is factored in, because this is the 

nearest location to get stones from.  

 

 

 Deriving the area(s) of influence 3.3

Crast serves as input for the calculation, which returns the 

cumulative costs between the input locations (the excavation 

sites) and every other cell. In the literature the maximum 

distance a culture can walk to procure resources varies a lot. 

In the Amazon Region some required goods (e.g. stones) are 

not available close to the Amazon but at the waterfalls in the 

inland. This extends the area of influence and it has been 

hypothesized that up to 25 kilometers are realistic for cultures 

in the Amazon Region [6, 10].  

A maximum distance value (Distmax) – which is provided by 

the database, and can be extended using a smaller α-value – is 

used to calculate the maximum cost distance value (CDmax) 

for each excavation site. That is done by: 

1. buffering each excavation site with its maximum 

distance value Distmax.  

2. calculating the least cost path between the 

excavation site and the outline of the buffer (see 

figure 2). The resulting accumulated least cost 

path value equals the value CDmax  
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3. creating the area(s) of influence on the basis of 

Crast. Therefore the cumulative cost value CDmax is 

used as maximum cost value.  

4. merging the resulting rasters to represent the 

connected area(s) of influence for one culture 

during one time interval (see figure 4). 

Based on the given data, a separation in three time intervals 

for each culture is being made (see above) which are defined 

as follows: 

• ti1: mp (multiphased) 

• ti2: sqm>=min(sqm(ti1)) 

• ti3: ￢mp&sqm<min(sqm(ti1)) 

with ti1 indicating the beginning of the settlement, ti2 

representing the interval with the widest spread (which also 

means a spatial overlap between ti1 and ti2) and ti3 showing 

the time of shrinking. With regard to Allen’s temporal 

relations [1], the time intervals defined above are not 

necessarily in a ti-
1 “meets” ti+

2 relation. The only mandatory 

condition is that ti1 starts before or at the same time than ti2 

and that it ends before or at the same time than ti2 (the same 

conditions are valid for the relation between ti2 and ti3). 

Besides “meets” also “equals”, “starts”, “finished-by” and 

“overlap” are possible relations.  

The chronological order of the time intervals is known, 

whereas the point of transition between the different time 

intervals is not known. The transition period (Septix_tix+1) 

between the time intervals can formally be described using 

radiocarbon data (see figure 3 with RC = radiocarbon, mp = 

multi phased, sp = single phased, LKD and HKD = 

least/highest known date, and sqm = squaremeter). 

To factor spatial uncertainty a range of Distmax values is 

defined. This is handled by the database in which predefined 

α-values and associated extended Distmax values are stored. 

The extended Distmax values can be set independently for each 

finding, which allows individual treatment of each finding and 

therefore a higher accuracy for the findings which are well 

known. This is similar to the fuzzy spatiotemporal 

information system for handling excavation data introduced 

by [19]. 

 

 

4 Case Study 

The case study focuses on a culture named Guarita which is 

classified as “Polychrome Painting” tradition and is known to 

have settled in the Amazon Region approximately between 

600 AD and 1300 AD [8]. 

The necessary data (excavation site size, coordinates, and 

number of traditions) are available for almost all excavation 

sites in our database, which makes them most suitable. 

Unfortunately, only very little radiocarbon data exists, 

therefore no temporal progress can be calculated. 

The area(s) of influence were calculated using three 

different α-values – 1, 0.8 and 0.5 – for each excavation site. 

The results can be seen in figure 4.  

Figure 1: Developed database schema for excavation site handling. 

 
 

Figure 2: Calculating the least cost path – and therefore 

CDmax – for an excavation site and a predefined Distmax 
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The culture is located in the confluence area between the 

Rio Negro, Rio Solimões, the Rio Madeira and the Amazon 

River, the distribution pattern of the pioneer settlements of the 

Guarita Culture show four separated clusters. The main 

habitation sites are located on top of the bluff zones of the 

“terra firme”, close to the fertile alluvial plains (várzea) and in 

contact with both river types. 

The second stage shows an almost explosive increase of 

new habitation sites, away from the primary areas and 

following up the Rio Negro (north west), as well as the 

Madeira River (south east). Although the first is a blackwater 

river and the second a whitewater river, there is apparently no 

variation in the strategy of occupation of these ecologically 

different regions. 

The third time interval is characterized by abandonment and 

retreat. All archaeological sites along the Madeira River were 

uninhabited, just like those located on the Lago Silves. Many 

sites at the mouth of the Rio Negro were abandoned as well.  

 

 

5 Conclusion 

The goal of this research is to determine the changes or 

movement of influence areas of precolonial cultures in the 

Amazon region using archaeological excavation data and 

assumption on the environmental conditions. One big problem 

to cope with when estimating an area of influence for pre-

colonial cultures is the lack of data. There are only very few 

(excavation) points and it can be assumed that the used set of 

points is incomplete. The shown approach creates estimated 

area(s) of influence derived from point data. Due to the 

inherently vague spatial and temporal data, the areas are 

derived on a basis of maximum costs a culture is willing to 

overcome for procuring resources. The results seem to 

confirm the assumptions that after a period of expansion there 

is a shrinking process and a retreat to the backlands. The 

database schema as well as the area of influence calculation is 

not necessarily connected to the data of the Amazon Region 

but can also be applied to other archaeological datasets. 

Spatial vagueness is factored in using different α-values, 

which have an influence on the selected buffer sizes for each 

excavation site. The temporal information is derived using 

specific properties of the sites. The results vary due to the 

chosen α-values: the higher the value, the more unsteady (but 

wider) are the calculated areas. By assigning the values for 

each excavation site the uncertainty can be reduced, because 

only the areas of the less known places extend. 

In the current stage of research, radiocarbon data is included 

for defining the separation interval between two time 

intervals. This is based on the problem that very few 

radiocarbon data is available for the examined cultures. Even 

though radiocarbon data is not exact (e.g. bias due to volcanic 

activity) it helps to specify the time and duration of the 

settlements.  

The database is in the process of being completed with 

(analog) data published in archaeological and ethnological 

research papers. This collection process will also increase the 

amount of available radiocarbon data, allowing for an analysis 

of temporal occurrences. Fuzzy zones of change can be 

derived, where the phase changes between two time intervals. 

Thus, a better knowledge about the chronological sequence 

and settlement behavior can be achieved. 

It must be assumed that the results will be distorted due to 

missing excavation sites. Some excavation sites with Konduri 

findings are not yet in the database due to missing additional 

information. They are located downstream of the Amazon 

River and were documented by Nimuendajú in 1937 [14]. 

The quality of the resulting areas is highly dependent on the 

used cost surface. As [9] claimed, the data must be collected 

carefully to assure a more realistic model of the factors, which 

determine the area. That means, the final output is only as 

Figure 4: Results for the Guarita culture. Time intervals 1, 2 and 3 (from left to right). The red and blue colors are 

indicating the extended areas of influence due to different Distmax values. 

 
 

Figure 3: Time line which shows the chronological order and 

formal description of the settlements. 
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good as the cost raster, which is also a matter of resolution. In 

addition, if some important resource or other input factor is 

unconsidered, the calculated area might not be convincing.  

The migration behavior of pre-colonial cultures in the 

Amazon Region is widely debated. The main question is if the 

Amazon Region is an environment of abundance and 

therefore appropriate for permanent settlement (model of 

abundance [7, 12, 17] or an environment of limited resources 

[13] Our current approach is based on the ‘model of 

abundance’ theory, while being aware of the fact that other 

movement behaviors might have been predominant. 

In the future, the method will be refined to cope with 

missing values and to derive more information about the 

connectivity between the settlements of one culture. One step 

leads to hypothesizing further (as yet unexcavated) sites by 

determining their suitability and assuming a settlement at the 

most suitable places. Another step is to use the calculated area 

of influence itself as a cost raster to calculate the least cost 

paths between the settlements to derive at a settlement 

network. This in turn could lead to a better estimation of costs 

because a directed graph can be used (faster movement on 

rivers but dependent on the flow direction etc.). Such a model 

can be extended to include other cultures, which existed at the 

same time interval, in order to analyze trading relations. 
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