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Priloga 40: Kolmogorov-Smirnov test distribucije evidentnih rimskih naselbin glede na model
oson! enosti znotraj obmo! ja analize.

Naklon O nas. Del. obm. E nas. O - E (O - E)2 (O - E)2/E
1 160 0.504 104.8 55.2 3047.04 29.075
2 39 0.234 48.7 -9.7 94.09 1.932
3 8 0.191 39.7 -31.7 1004.89 25.312
4 1 0.063 13.1 -12.1 146.41 11.176
5 0 0.008 1.7 -1.7 2.89 1.7

208 1 208
c2= 69.195

O nas. - opazovano ! t. naselbin
E nas. - pri" akovano ! t. naselbin

N = 208
d. f. = 4
Kriti" na vrednost (a) za 1 % je 13,3.

Priloga 38: Distribucija evidentnih rimskih naselbin glede na klasificirane razrede naklona s sta-
tisti" nim testom ujemanja c2.
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Site-Catchment Analysis: 70s 

Vita-Finzi et al 1970 

Site catchement/ 
najdiščno zajetje



GIS-based site-catchment analysis (mid 90s) 

Hunt 1992 

Gaffney and Stancic 1991 



GIS-based site-catchment analysis (mid 90s) 

Hunt 1992 

Gaffney and Stancic 1991 



Continuation - the early adoption of 
archaeological GIS

BUT beware the ‘God-trick’ –
seeing everything from a position of nowhere



2. Research Objectives

First, develop a digital terrain model that enables an 
understanding of the energy required to transverse the 
varying sloped terrain of  Range Creek Canyon (Figure 
2). 

Second, use the developed digital terrain model to 
conduct a catchment analysis for a central location. The 
prediction here is that the catchment area will show the 
energy required to travel over a given distance in a flat 
terrain will be expended over a much shorter distance in 
a varied terrain. 

The goal is to use the catchment analysis to gain an  
understanding about how the extra energy required to 
travel within Range Creek Canyon would affect a central 
place forager’s mobility.

3. Method

ArcGIS software, a 5 meter resolution digital elevation 
model and an algorithm for movement across positive 
and negative slopes (8) were used to  generate the digital 
terrain model. 

The algorithm calculates movement at 1.34 m/s. It 
requires input of the forager body weight and carried 
load weight. Ethnographic and experimental data (1, 3, 4, 
5, 6, 7) suggested estimates of 50 kg and 10 kg, 
respectively. Given these values, the algorithm predicts 
that a forager operating on level terrain over a round trip 
distance of 20 km will expend about 1200 kcal. 

With the energy terrain model established, a central 
location was chosen from which the catchment analysis 
was conducted. A 10 km boundary was set up around 
that location to represent the distance ethnographic data 
(2, 4, 5) shows foragers will travel on flat terrain in 
search of resources from a central place during a given 
day. Finally, a cost distance layer was generated (Figure 
3) to represent a breakdown of energy required to 
transverse the terrain of Range Creek Canyon .

4. Results

The first two intervals of the cost distance layer were 
extracted to produce the catchment area (Figure 4), 
providing a visual of where the 1200 kcal boundary for 
the central location lies. This is predicted to be the area a 
forager would travel within, foraging for resources from 
that central location under the conditions of the varied 
terrain of Range Creek Canyon. 

With an energetic limit established on the distance that 
can be traveled across this difficult landscape, we may be 
able to anticipate an array of habitats and resources 
which would have been exploited within this catchment.
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1. Introduction

Ethnographic research shows that central place foragers 
commonly exploit catchments measuring up to 10 km 
from central locations in the course of collecting wild 
resources. Operating over larger areas on a daily basis is 
shown to be energetically inefficient. These constraints 
can help analysts predict the array of resources that may 
have been exploited from archaeological know central 
places in the distant past. However, application may be 
complicated in areas of high relief. 

Range Creek Canyon, located in central Utah, is one 
such location (Figure 1). Prehistoric residential sites are 
widely distributed across this complex landscape with 
extreme changes in elevation within a 10 km radius of 
sites. The relief of this canyon will alter the catchment 
area that is energetically profitable.

2. Research Objectives

First, develop a digital terrain model that enables an 
understanding of the energy required to transverse the 
varying sloped terrain of  Range Creek Canyon (Figure 
2). 

Second, use the developed digital terrain model to 
conduct a catchment analysis for a central location. The 
prediction here is that the catchment area will show the 
energy required to travel over a given distance in a flat 
terrain will be expended over a much shorter distance in 
a varied terrain. 

The goal is to use the catchment analysis to gain an  
understanding about how the extra energy required to 
travel within Range Creek Canyon would affect a central 
place forager’s mobility.

3. Method

ArcGIS software, a 5 meter resolution digital elevation 
model and an algorithm for movement across positive 
and negative slopes (8) were used to  generate the digital 
terrain model. 

The algorithm calculates movement at 1.34 m/s. It 
requires input of the forager body weight and carried 
load weight. Ethnographic and experimental data (1, 3, 4, 
5, 6, 7) suggested estimates of 50 kg and 10 kg, 
respectively. Given these values, the algorithm predicts 
that a forager operating on level terrain over a round trip 
distance of 20 km will expend about 1200 kcal. 

With the energy terrain model established, a central 
location was chosen from which the catchment analysis 
was conducted. A 10 km boundary was set up around 
that location to represent the distance ethnographic data 
(2, 4, 5) shows foragers will travel on flat terrain in 
search of resources from a central place during a given 
day. Finally, a cost distance layer was generated (Figure 
3) to represent a breakdown of energy required to 
transverse the terrain of Range Creek Canyon .

4. Results

The first two intervals of the cost distance layer were 
extracted to produce the catchment area (Figure 4), 
providing a visual of where the 1200 kcal boundary for 
the central location lies. This is predicted to be the area a 
forager would travel within, foraging for resources from 
that central location under the conditions of the varied 
terrain of Range Creek Canyon. 

With an energetic limit established on the distance that 
can be traveled across this difficult landscape, we may be 
able to anticipate an array of habitats and resources 
which would have been exploited within this catchment.
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1. Introduction

Ethnographic research shows that central place foragers 
commonly exploit catchments measuring up to 10 km 
from central locations in the course of collecting wild 
resources. Operating over larger areas on a daily basis is 
shown to be energetically inefficient. These constraints 
can help analysts predict the array of resources that may 
have been exploited from archaeological know central 
places in the distant past. However, application may be 
complicated in areas of high relief. 

Range Creek Canyon, located in central Utah, is one 
such location (Figure 1). Prehistoric residential sites are 
widely distributed across this complex landscape with 
extreme changes in elevation within a 10 km radius of 
sites. The relief of this canyon will alter the catchment 
area that is energetically profitable.

2. Research Objectives

First, develop a digital terrain model that enables an 
understanding of the energy required to transverse the 
varying sloped terrain of  Range Creek Canyon (Figure 
2). 

Second, use the developed digital terrain model to 
conduct a catchment analysis for a central location. The 
prediction here is that the catchment area will show the 
energy required to travel over a given distance in a flat 
terrain will be expended over a much shorter distance in 
a varied terrain. 

The goal is to use the catchment analysis to gain an  
understanding about how the extra energy required to 
travel within Range Creek Canyon would affect a central 
place forager’s mobility.

3. Method

ArcGIS software, a 5 meter resolution digital elevation 
model and an algorithm for movement across positive 
and negative slopes (8) were used to  generate the digital 
terrain model. 

The algorithm calculates movement at 1.34 m/s. It 
requires input of the forager body weight and carried 
load weight. Ethnographic and experimental data (1, 3, 4, 
5, 6, 7) suggested estimates of 50 kg and 10 kg, 
respectively. Given these values, the algorithm predicts 
that a forager operating on level terrain over a round trip 
distance of 20 km will expend about 1200 kcal. 

With the energy terrain model established, a central 
location was chosen from which the catchment analysis 
was conducted. A 10 km boundary was set up around 
that location to represent the distance ethnographic data 
(2, 4, 5) shows foragers will travel on flat terrain in 
search of resources from a central place during a given 
day. Finally, a cost distance layer was generated (Figure 
3) to represent a breakdown of energy required to 
transverse the terrain of Range Creek Canyon .

4. Results

The first two intervals of the cost distance layer were 
extracted to produce the catchment area (Figure 4), 
providing a visual of where the 1200 kcal boundary for 
the central location lies. This is predicted to be the area a 
forager would travel within, foraging for resources from 
that central location under the conditions of the varied 
terrain of Range Creek Canyon. 

With an energetic limit established on the distance that 
can be traveled across this difficult landscape, we may be 
able to anticipate an array of habitats and resources 
which would have been exploited within this catchment.
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1. Introduction

Ethnographic research shows that central place foragers 
commonly exploit catchments measuring up to 10 km 
from central locations in the course of collecting wild 
resources. Operating over larger areas on a daily basis is 
shown to be energetically inefficient. These constraints 
can help analysts predict the array of resources that may 
have been exploited from archaeological know central 
places in the distant past. However, application may be 
complicated in areas of high relief. 

Range Creek Canyon, located in central Utah, is one 
such location (Figure 1). Prehistoric residential sites are 
widely distributed across this complex landscape with 
extreme changes in elevation within a 10 km radius of 
sites. The relief of this canyon will alter the catchment 
area that is energetically profitable.

2. Research Objectives

First, develop a digital terrain model that enables an 
understanding of the energy required to transverse the 
varying sloped terrain of  Range Creek Canyon (Figure 
2). 

Second, use the developed digital terrain model to 
conduct a catchment analysis for a central location. The 
prediction here is that the catchment area will show the 
energy required to travel over a given distance in a flat 
terrain will be expended over a much shorter distance in 
a varied terrain. 

The goal is to use the catchment analysis to gain an  
understanding about how the extra energy required to 
travel within Range Creek Canyon would affect a central 
place forager’s mobility.

3. Method

ArcGIS software, a 5 meter resolution digital elevation 
model and an algorithm for movement across positive 
and negative slopes (8) were used to  generate the digital 
terrain model. 

The algorithm calculates movement at 1.34 m/s. It 
requires input of the forager body weight and carried 
load weight. Ethnographic and experimental data (1, 3, 4, 
5, 6, 7) suggested estimates of 50 kg and 10 kg, 
respectively. Given these values, the algorithm predicts 
that a forager operating on level terrain over a round trip 
distance of 20 km will expend about 1200 kcal. 

With the energy terrain model established, a central 
location was chosen from which the catchment analysis 
was conducted. A 10 km boundary was set up around 
that location to represent the distance ethnographic data 
(2, 4, 5) shows foragers will travel on flat terrain in 
search of resources from a central place during a given 
day. Finally, a cost distance layer was generated (Figure 
3) to represent a breakdown of energy required to 
transverse the terrain of Range Creek Canyon .

4. Results

The first two intervals of the cost distance layer were 
extracted to produce the catchment area (Figure 4), 
providing a visual of where the 1200 kcal boundary for 
the central location lies. This is predicted to be the area a 
forager would travel within, foraging for resources from 
that central location under the conditions of the varied 
terrain of Range Creek Canyon. 

With an energetic limit established on the distance that 
can be traveled across this difficult landscape, we may be 
able to anticipate an array of habitats and resources 
which would have been exploited within this catchment.
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1. Introduction

Ethnographic research shows that central place foragers 
commonly exploit catchments measuring up to 10 km 
from central locations in the course of collecting wild 
resources. Operating over larger areas on a daily basis is 
shown to be energetically inefficient. These constraints 
can help analysts predict the array of resources that may 
have been exploited from archaeological know central 
places in the distant past. However, application may be 
complicated in areas of high relief. 

Range Creek Canyon, located in central Utah, is one 
such location (Figure 1). Prehistoric residential sites are 
widely distributed across this complex landscape with 
extreme changes in elevation within a 10 km radius of 
sites. The relief of this canyon will alter the catchment 
area that is energetically profitable.

Najdiščno zajetje



Post-processual Critique 

Gaffney and Stancic 1991 



Settlement Archaeology 101 : Site-catchment 
Analysis 

• Understand the location and 
properties of a site, given the 
surrounding environment. 

• Very (perhaps too) simple idea, 
easy to implement with pencil and 
paper. 

• Theoretical and methodological 
debates, and often present/absent 
in other models of settlement 
pattern. 

Site catchment
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Figure 2:  Left: Layers used in the modeling of agricultural potential, from the top: rooting depth, drainage,
natural fertility, rainfall, gradient; Right: Spatial distribution of the agricultural potential and the archaeological
sites included into the preliminary SCA. For the site affiliations, see legend in Figure 1 (map: O. Seitsonen).



NYAME AKUMA No. 71 JUNE 2009

50

Figure 3:  Circular catchments (radius = 8 km) showing the agricultural potential around the LSA sites (map: O.
Seitsonen).
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'
Figure'5.'Iron'Age'I'sites'in'the'central'West'Bank'and'four'possible'firstYorder'covariates:'(a)'
elevation'(light'to'dark'ranges'from'135Y1010m'ASL),'(b)'average'annual'rainfall'(dark'to'light'

ranges'from'c.335Y720mm),'(c)'ridge'landforms'(darker'is'more'likely'to'be'
geomphorphometrically'classified'as'a'ridge),'(d)'topographic'wetness'index'summed'over'a'
local'neighbourhood'(darker'is'wetter),'and'(e)'a'prediction'surface'based'on'the'three'

significant'covariates'(darker'is'higher'point'intensity).'
'
A'quick'visual'inspection'of'figure'5a'suggests'informally'both'that'there'might'
be'a' firstYorder' trend'towards'slightly'greater'densities'of' settlement'at'higher'
elevations,'and'also'that'there'might'conceivably'some'regular'spacing'to'some'
of'the'settlements.'We'can'therefore'build'some'formal'point'process'models'to'
consider' whether' environmental' affordances' such' as' elevation' are' indeed'
significant,' and' above' and' beyond' this,'whether' there' is' yet' a' further' secondY
order' propensity' for' the' location' of' one' settlement' to' inhibit' the' location' of'
another' nearby.' We' begin' by' considering,' as' examples,' four' related'
environmental' affordances' –' elevation,' average' annual' rainfall,' ridgeYtop'
landforms,' and' topographic'wetness' in' a' local' catchment' (Figures' 5aYd).4'This'
''''''''''''''''''''''''''''''''''''''''''''''''''''''''
4'The'digital'elevation'model'(DEM)'used'here'is'NASA’s'90m'SRTM'dataset'(Jarvis'et'al.'2008).'
The'rainfall'data'has'interpolated'from'50mm'contours'of'average'annual'precipitation'(the'
original'contours'are'courtesy'of'the'GIS'Center,'Hebrew'University'of'Jerusalem).'RidgeYlike'
landforms'were'defined'from'the'DEM'via'a'fuzzy'feature'classification'across'focal'filter'scales'
from'3x3'to'11x11'cells'(Fisher'et'al.'2004).'CatchmentYbased'topographic'wetness'was'
calculated'via'focal'filtering'of'a'standard'topographic'wetness'index'surface'(itself'derived'from'
the'DEM)'in'a'way'that'summed'all'values'within'a'circular'neighbourhood'of'2.5km'radius'
(about'half'an'hour’s'walk'and'a'common'threshold'for'daily'travel'budgets).'
'
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Fig. 6.4 The friction surface used in this experiment depicting relative cost units in terms of energy 
expended. 

The cost distance rasters were created from the nodes selected in the morphometric analysis. They 
were produced taking into account the friction surface, and calculating the value of the accumulated 
least relative cost of getting from each specific cell to the nearest source (Figs. 6.5 and 6.6).  

 

Fig. 6.5 Cost (in relative units) expended to get to node no. 9 from any point of our study area. 
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Modeliranje gibanja
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Once the cost surfaces were obtained, the LCP analysis was conducted. For this, I used the same 
software (Arcgis 9.3), which carries out this operation implementing Dijkstra's algorithm (1959), 
which finds the shortest path from a source node to a target node. A total of 1476 paths were 
simulated (Fig. 6.8).  

 

Fig. 6.8 The LCP calculated.   

 

Once the LCP were calculated, two other analyses were carried out. As said before, the main idea of 
this experiment was to identify the areas that are most accessible by taking into account the 
topography of the terrain, i.e., where the least of the costs traversing the terrain has incurred. 
Following this logic, the most accessible areas would have to be those in which a higher number of 
paths can be identified. To identify these areas then, I created a grid of 1 km cells covering all the 
study area. The number of paths crossing each cell was counted creating a grid depicting the most 
accessible zones (Fig. 6.9). Additionally, a line density analysis was also performed. As its name says, 
this analysis calculates the density of linear features in the surrounding area of each raster cell, giving 
us very similar results as expected (Fig. 6.10). 



Modeling movement: Cost-weighted Distance 

Nielsen 2008 

Bevan in press 



“...current GIS can only make local decisions as to 
which neighbouring cell has the highest or lowest 
value – they incorporate no global knowledge of 
the landscape at all.” (van Leusen 1999, p.218).
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Fig. 6.24 Example of cost surfaces from different nodes depicting energetic cost of movement. 

 

 

Fig. 6.25 Cost surface of node 199. Cost of walking in Joules / (Kg m). 

A comparison of the historical routes with the LCP, allows assessing the degree of similarity between 
both. The correspondence between paths could be observed through a simple visual assessment. 
However, this does not allow a robust, and to some extent, objective evaluation of their 
correspondence.  
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Modeling Perception: Viewshed analysis 

http://mapaspects.org/colca/research/viewshed/what_is.html 

Winterbottom and Long 2006 

Karta vidnosti (viewshed)



Binarna karta vidnosti



Figure 3 - Example viewshed map generated from one long 
barrow of the Salisbury Plain group (shown as a black dot).

Figure 4 - Cumulative viewshed maps overlain on elevation to 
show the relationship. Top: Avebury area, Bottom: Salisbury 
Plain. Both diagrams show the entire 20km square area which 
was studied (see figure 3).

Kumulativne karte vidnosti



• Inter-visibility Network 
• Cumulative and Total 

Viewsheds 
• Horizon Analysis 
• Monte-Carlo Testing of 

observed data. 

Modeling Perception: Viewshed analysis 

http://digitalhumanities.soton.ac.uk/blog/1276 

Llobera et al 2004 

Medsebojna vidnost
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the tree as the standard object and he divided the given view in 3 ranges:  foreground, middle 
ground and background.  
 
In this index, Higuchi established that at a short distance range (or foreground) trees would 
have to be recognized as individual entities and the observer could, for instance, see clearly 
the leaves of the tree. At a middle distance, the detail would be lost and the trees would 
become part of the wider landscape. At this range the topography of the terrain becomes 
important and we are able to see the “forest” rather than the trees. Finally, in the case of the 
long distance (or background) range, the observer could identify a wooded area but nothing 
more, where the texture becomes uniform and there is no sense of depth (Higuchi, 1983: 12-
14) (Fig. 5.20).  

 

 

Fig. 5.20 Ranges established in the Higuchi viewshed. At short range, individual trees and details are 
recognizable, at middle range the forest is distinguished as a mass, and at long-distance range the forest 

becomes part of the background losing any distinctive identity. Photo by Chuck Szmurlo. 

 
Llobera’s work on visual landscapes took a similar theoretical approach, but taking into 
account archaeological evidence on prehistoric barrows as the point of reference rather than 
trees (Llobera, 2007b). As in Higuchi’s case, he also established foreground, middle ground 
and background ranges calculating distance from angles but based on the possible influence 
that the features (in this case the barrows), might have in relation to the amount they occupy 
in the field of view of a person (Llobera, 2007b: 58). In his research, this author has extended 
Wheatley’s (1995) work on visual patterns looking to understand not if intervisibility between 
archaeological elements was intentional or not, but to explore how visibility patterns emerge 
and operate in a given landscape (Llobera, 2007b: 57). The ranges defined by this author are 
based on the types of activities that can be associated with the barrows at various distances 
from them.  
 
Through the implementation of this kind of analysis the possible visual relationships between 
the viewpoint and other elements within its field of view can be examined (Wheatley and 

Higuchijevi indeksi
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Middle range: α from 0.08º to 0.3º . The monument can still be a reference point but is likely to 
appear more integrated into the wider landscape.  

Large range: α less than 0.08º. Although the monument can still be visible, it might start to fade with 
the surroundings. It will probably depend on the actual shape of the monument or its contrast to the 
surrounding landscape how easily is recognised.  

In this sense, the maximum distance in the short range will be of 478.01 m, in the case of the middle 
range it will be of 1,798.56m and the limit of the large range will be defined by the distance establish 
in the actual visibility analysis, which in this case is of 3,000 m.  

 

 

Fig. 6.42 Procedure to generate Higuchi viewshed. a) Binary viewshed; b) Calculation of Euclidean Distance; c) 
Reclassification to index established and d) Combination of both. 

 
 
6.4.II RESULTS: THE ROLE OF LANDSCAPE MARKERS IN TERRESTRIAL NAVIGATION DURING 

LATE PREHISTORY  
 
The results obtained from the statistical tests were very significant in terms of observable patterns. 
From the six tests conducted, to investigate whether megalithic monuments are randomly distributed 
with respect to their visibility from natural corridors, the null hypothesis was rejected in three cases at 
a significance level of 0.05. While the groups in this situation were Almadén de la Plata (Group 1) (25 



a. Higuchi bands b. Base viewshed c. Gumelniţa A1 
viewshed

d. Gumelniţa A2 
viewshed

e. Gumelniţa B1 
viewshed f. Modern viewshed

a. DEM of locale b. Basal viewshed 
overlaid

c. Gumelniţa A1 
overlaid

d. Gumelniţa A2 
overlaid

e. Gumelniţa B1 
overlaid f. Modern viewshed



 154 CHAPTER SIX 

  

  

 

Fig. 6.41 a) Simple binary viewshed; b) Calculation of Euclidean Direction; c) Reclassification of Euclidean 
Direction; d) Overlap of viewshed and Direction; e) Graphic showing the predominant direction of the 

viewshed. 

 

A table with the results of this analysis was created for each group in order to quantify the 
predominant directions of view of all monuments. Once the dominant direction for each megalith was 
identified it was examined whether a natural corridor passed through it or not. This was used to 
calculate the percentage of monuments whose main direction of view is oriented towards a natural 
corridor. In order to investigate whether the coincidence observed between them could be a matter of 
chance, a 1-sample Chi-square statistical test was also conducted. The purpose of this was to identify 
in a robust way any possible pattern of visual structuration that might indicate a preference for the 
location of the monuments in places that favoured visibility towards and/or from corridors. This test 

Usmerjena karta vidnosti
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FIG. 7. Histograms of the number of cells in fuzzy viewsheds of Point 2 having
fuzzy membership values from 0.05 to 1 and generated using variable RMSE.

TABLE 1. THE NUMBER OF CELLS THAT ARE WITHIN 1 KM OF THE
YIEWPOINT BUT HAVE 0 Fuzzy MEMBERSHIP OF BEING WITHIN THE

YIEWSHED
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FIG. 8. Fuzzy viewsheds from Point
1 with variable SA, (A) I = 0, (B) I
= 0.7, and (C) I = 0.9. Note that
Figure 8a is the same as Figure 4b.
Darker areas have higher fuzzy
memberships.

TABLE 2. THE NUMBERS OF GROUPS OF CONTIGUOUS CELLS IN THE
YIEWSHEDS OF POINTS 1 AND 2. GROUPS IN Fuzzy YIEWSHED WERE

FOUND FOR ALL NON-ZERO CELLS

viewsheds shadow the Boolean viewsheds (Figures 2b and 3b)
with variable memberships. In addition, with increasing RMSE
the fuzzy viewsheds break up into a greater number of separate
groups of contiguous cells (Table 2 and Figures 4 and 6).

Point 1 Point 2

6 12

4 9
5 11
7 11

11
5
3

5
5
2

1=0
1=0.7
I = 0.9

Number of Polygons

In Original Viewshed

RMSE = 2
RMSE = 7
RMSE = 10

In
Fuzzy
Viewsheds

The total number of cells certain to be outside the viewshed
(the number of cells with fuzzy membership 0) decreases with
RMSE (Table 1), although the number outside the viewshed of
Point 1 when RMSE is 7 is lower than when RMSE is 10. This
overall decrease swells the number of cells with low fuzzy mem-
bership that were not in the original viewsheds. The number
of cells that were within the original OEM, but have little pos-
sibility of being within the fuzzy viewsheds (membership 0),
increases from a for both points 1 and 2, to 5 and 31, respec-
tively, when RMSE = 10 (Figures 5 and 7).

Finally, it is of interest to note that, irrespective of the RMSE
or the viewpoint, the fuzzy membership of the cell most likely
to be within the viewshed, but which was not within the
viewshed of the original OEM, is between 0.65 and 0.75 in every
case and with no particular pattern (Figures 5 and 7). The over-
all effect of increasing the RMSE in the noise then is to make the
fuzzy viewsheds increasingly chaotic, and less certain.

Maps of the fuzzy viewsheds (Figures 4 and 6) show that in
the simulations with RMSE = 10 it is possible to identify core
areas of high membership which expand in those with RMSE =
7 and 2. In the case of both viewpoints 1 and 2, all fuzzy

-
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FIG. 5. Histograms of the number of cells in fuzzy viewsheds of Point 1 having
fuzzy membership values from 0.05 to 1 and generated using variable RMSE.

explores a possible method to generate a fuzzy viewshed, and
so is a novel aspect of GIS research. In the absence of other
fuzzy data layers, however, the fuzzy viewshed cannot readily
be used.

METHODS

STUDY AREA

A 200 by 200 subset of the Prentiss, North Carolina USGS
7.S-minute OEM was used in the current study. Two test view-
ing points were established and viewsheds were calculated to
1 kIn away from the point, with a viewing altitude of 2 m (ap-
proximately eye height) (Figure 1). This is all consistent with
the previously reported experiments (Fisher, in press), and the
1 kIn viewing distance is used because that is a close approxi-
mation to the foreground (Felleman, 1986).

SOFTWARE

As in previous work, the Idrisi Viewshed program was used
throughout the research reported here (Eastman, 1989). It had
been found to perform well in test situations, and the file format
for implementing the simulation algorithms was convenient.

RESULTS

Two sets of results are presented for each point. In one three
different values of the root-mean-squared error (RMSE) are used,
while the spatial autocorrelation (SA) is held constant at O. In
the second, the RMSE is held constant at the published value,
7, while three different values of the SA in the noise are used.
In selecting intervals for the three values of RMSE, the concern
was to span the published value, and 2, 7, and 10 were used.
Values of I = 0,0.7, and 0.9 were used for the SA in the noise,
again to give a spread of increasing SA, as might be expected
in the data. Both sets of three analyses are presented for the

FIG. 6. Fuzzy viewsheds from Point
2 with (A) RMSE = 2, (B) RMSE =
7, and (C) RMSE = 10. Note that
Figure 6b is the same as Figure 10a.
Darker areas have higher fuzzy
memberships.

two viewing locations. The results of varying the RMSE is pre-
sented first, followed by those for variable SA.

For comparison, the original local elevation models and the
Boolean viewsheds calculated in them are given in Figure 2 for
Point 1 and Figure 3 for Point 2. The results of all analyses are
presented as both grey-scale diagrams showing the fuzzy
viewsheds (Figures 4, 6, 8, and 10), and in histograms (Figures
5, 7, 9, and 11). For a particular RMSF/SA combination, the his-
tograms distinguish between cells which are in or out of the
viewshed in the original OEM.

VARIABLE RMSE

Figures 4 and 6 show the results for Points 1 and 2 where
RMSE is varied but SA is held constant at zero. Examination of
both histograms shows that, as the RMSE is varied from 2 to 7
and 10, the modal value of the frequencies moves from 1.0
when RMSE = 2 to 0.05 when RMSE = 10. Indeed, the number
of cells with fuzzy membership 0.05 reduces to only 8 when
RMSE = 7 and 10 for Point 2 (Table 2) and to 9 and 8 for Point
1 (Table 1). Eight is in fact the minimum value in this category,
because that is the number of immediate neighbors of the view-
point, and those are always visible.
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FIG. 4. Fuzzy viewsheds from Point
1 with (A) RMSE = 2, (B) RMSE =
7, and (C) RMSE = 10. Note that
Figure 4b is the same as Figure Sa.
Darker areas have higher fuzzy
memberships.

,

Point 2

BA

FIG. 1. A contour map of the general study area, showing the two
test viewing locations. The area depicted is 6 km on each side,
north is to the right, and elevation increases with lightness.

FIG. 2. (A) The DEM within 1 km from Point 1 (elevation increases with
darkness), and (B) the Boolean viewshed from Point 1.

(Zadeh, 1965; Kauffman, 1975; Leung, 1988). This is in contrast
with the usual Boolean set resulting from the usual viewshed
operation where

FIG. 3. (A) The DEM within 1 km from Point 2 (elevation increases with
darkness), and (B) the Boolean viewshed from Point 2.

A B

1
1:XEX

x = 0: X $ X. (4)

It follows that the full set of fuzzy operators (Leung, 1988) is
available to manipulate these resulting viewsheds as a part of
a fuzzy geographic database. Many researchers are working on
aspects of such a system. Robinson (1988) gives a general over-
view of the theory of fuzzy sets, and a minor example. Robinson
and Thongs (1975) and Wang (1989) argue that it is possible to
extract fuzzy land-cover information from Landsat imagery, and
Fisher and Pathirana (in press) have demonstrated that the val-
ues yielded by a fuzzy classifier may be related to the proportion
of a pixel covered by a particular land-cover type. Burrough
(1989) showed further handling of fuzzy spatial soil data, and
Wang et al. (1990) discuss the manipulation of fuzzy attributes
for land evaluation. Except for the remote sensing and soils
examples, however, there seem to have been few attempts to
define fuzzy spatial phenomena. The research reported here



 
Figure 2. Cumulative viewshed for the 24 long mounds shown. Values represent number 

of potential barrows visible, ranging from 0 (dark blue) to a maximum of 16 
(red). 

 
  

Figure 3. Total viewshed for the same region as in figure 2. Here, values represent the 
area from which a monument would be visible if built at each location. Lower 
values are in darker blue, with the highest values in red. 
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Conclusions

Monuments are purposefully positioned in specific parts of 
the landscape. !

Barrows seem to deliberately  change the visual 
configuration of landscape.



Conclusions

They all expressed the basic idea of belonging to the 
Poštela community. 



Conclusions

  Poštela landscape was polygon for expressing new 
ideas and messages. !

Respecting, relating to or changing the existing spatial 
order reproduced or subverted the existing  political 

configurations.



Zvočne krajine



Prediktivni modeli



Geostatistično modeliranje

Geostatistical Modeling 

• Given a set of sample locations, 
model an underlying continuous 
field. 

• Examples in soil study, 
geochemistry, etc. 

• But also on regional scales, using 
variables as time (Maya terminal 
dates, spread of agriculture, etc.) Premo 2004 

Bocquet-Appel et al 2009 

Geostatistical Modeling 

• Given a set of sample locations, 
model an underlying continuous 
field. 

• Examples in soil study, 
geochemistry, etc. 

• But also on regional scales, using 
variables as time (Maya terminal 
dates, spread of agriculture, etc.) Premo 2004 
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