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1. Introduction

‘There is more to seeing than meets the eyeball’ [8:5].
Over the last decade, the rise in popularity of GIS-based approaches to the analysis and exploration of past landscapes has been dramatic. If one unique characteristic can be identified in this process it has been the application of visibility and viewshed analyses. These have become the most frequently cited response to those who question whether GIS represents a true methodological advance, or simply increased efficiency in the spreading of dots across maps. The suggestion is that it is through viewshed analysis that the GIS makes its most unique and valuable contribution to landscape study.

It is important to acknowledge that visibility-based approaches have a long pedigree in archaeology and are not exclusive to GIS. A considerable body of analyses had been undertaken long before the appearance of GIS, varying from the observations of antiquarians, to the rigorous quantitative methodologies proposed by researchers such as Renfrew, Davidson, and Fraser [46]; [19]. More recently, the importance of vision – in the sense of visual perception – has been fore-grounded within cognitive archaeology [47] and in theoretical debates concerning the relationship between bodily experience and understanding, in which the role of vision has been has been re-examined in the context of narrative and framing devices. Whilst GIS-based approaches to visibility have been highlighted as a dramatic methodological advancement, it should be acknowledged that the solution offered by the GIS as to the problem of how to quantify and represent visibility mirrors precisely that adopted by archaeologists in the early 1970’s. Like GIS-based solutions, these were based on the measurement and analysis of line-of-sight (intervisibility) and field of view (viewshed) elements. In drawing attention to this heritage, the aim is not to deny the utility of such analyses or dilute their impact. Rather, it is to emphasise that the GIS-based analyses of visibility currently being developed are not  ‘new’ in any theoretical sense, and that the explosion of interest in visibility, sparked by the widespread adoption of GIS, has not taken place in a disciplinary vacuum. 

A considerable body of criticism and issues arose in response to these earlier studies, all of which have equal validity to the more recent GIS-based work. What is intriguing is that there has been a marked lack of interest in building upon these pioneering studies or addressing the (often substantial) bodies of criticism which grew up with respect to them. Instead the relative ease with which such analyses can be undertaken within the GIS has led to a familiar sense of push-button functionality with no underlying archaeological purpose, as ever more papers become choked with ever more viewsheds.
We firmly believe that rather than simply repeating or routinising earlier methodologies, GIS-based approaches to the study of vision do have the potential to revolutionise our understandings of past landscapes. To realise this we must regard generic GIS routines as stepping-stones towards the development of enriched, and specifically archaeological approaches to the study of visibility: approaches that acknowledge and consider the varied critiques that have arisen in response to attempts to explore the role of visibility in the past. As a result the aims of this paper are twofold. First we offer a thorough review of the varied critiques and issues which have arisen in response to attempts to integrate visibility-based approaches into archaeological research. Secondly we suggest how we may begin to address and constructively incorporate these factors into the creation of enriched visibility studies. The second section is not intended to address all of the issues raised in the first, but instead to offer a single example of how such new approaches must stem from archaeological theories and questions.

2. Issues in GIS-based Visibility-Viewshed Analyses

As intimated earlier, a considerable body of critique and criticism has developed over the years, as concerted efforts have been made to incorporate visual phenomenon into archaeological analyses. Some of these criticisms are undoubtedly debatable, others largely intractable, whilst some are easily remedied. In various combinations they comprise the raw materials from which the more ill-informed, disingenuous, and generally unpublished, criticisms (for example ‘why bother to use a GIS when you can go and look yourself’) have been assembled. For the purposes of discussion, we class these issues into three groups, though it should be noted that considerable overlap exists between them. We will term these categories pragmatic, procedural and theoretical. Pragmatic concerns are those that arise when discussing visibility itself and are consequently equally applicable to GIS and non-GIS studies. These often date back to the earliest attempts to explore the phenomenon of visibility in a quantifiable way. In contrast, procedural issues refer to those additional concerns that arise as a product of operationalising the analysis of vision within GIS. The final category, theoretical, arises from debates both in archaeology and neighbouring disciplines such as humanistic geography and the philosophy of science. Some of these have already been isolated and discussed by the authors in a broader exploration of the historical relationship between archaeology, visibility and GIS [26]. Whilst not claiming to be exhaustive, the present discussion seeks to elaborate and expand upon these points through a more thorough review of the issues that have been raised. Taken as a block, these form a formidable body of critical considerations that must be considered carefully if GIS-based visibility studies are to develop and proceed.

3. What is visibility?

Like many terms in routine archaeological usage, ‘visibility’ has a variety of meanings, and it is important to clarify precisely what we are referring to in the context of the present discussion. Here the term visibility refers to past cognitive/perceptual acts that served to not only inform, structure and organise the location and form of cultural features, but also to choreograph practice within and around them. In keeping with the principal focus of existing investigations into the heuristic utility of visibility-based approaches, the spatial context is that of the inhabited landscape1. This serves to distinguish it directly from any use of the term to indicate survival into the present within the archaeological record. Less directly, it is also to distinguish it from visual observations whose immediacy and relevance is solely to our contemporary experience. The latter ambiguity derives from an acceptance of the complex interplay and inevitable interpretative relationship that exists between such visual perceptions in the present and those we seek to identify and explain in the past [53:49]. 

The visual organisation and structuring engendered by these past acts of seeing and looking can be with respect to (i) other contemporaneous or pre-existing sites and monuments (ii) natural components of the environment (iii) the positions of heavenly bodies and astronomical phenomenon or (iv) all of the above. It can be manifested in any number of ways, from a suggested emphasis towards visually prominent locations, for example the construction of a monument on a hilltop or crest, to an explicit concern with the referencing of other features whether individually or as part of a complex schema of visual cues and pathways. Examples of the latter may include the siting of a watchtower so as to provide a link in a chain of similar structures or deliberate visual association sought between monuments, themselves perhaps hidden from view, and highly visible natural formations such as rock outcrops. The key factor is that such visual phenomena had meaning to the societies responsible for the construction of landscape features, and incorporation of existing natural and cultural features into their conceptual schema. In this sense our interest is as much with what has been termed the ‘will to visibility’ exhibited by social groups as with the raw physical location of individual features. Here the effectiveness of a given social act is determined to a degree by its visual impact. It has been claimed that such a will to visibility manifests itself through a number of ‘strategies of visibility’ such as monument construction and the ascription of meaning to natural places, as outlined above [10]. 

At this point it is interesting to look at how visibility has been operationalised within mainstream and GIS-based archaeological research. In the pioneering quantification work undertaken in the 1970’s, visibility was portrayed as an attribute of the environment. Particular topographical configurations yielded large and impressive view-fields, other less so. Visibility was an essentially environmental variable. A second strand in debates concerning the role of visibility in archaeological research emerged as a result of developments in archaeological theory in the late 1980’s and early 1990’s, broadly termed post-structuralist. Central to these theoretical debates was a growing appreciation of the role of past peoples as active, purposeful agents situated within a meaningful world. In such formulations, emphasis was given over to experience on the human scale. Visibility was seen as a fundamentally experiential variable, a component of perception which was bodily centred and culturally embedded. As a result the choices appear to be rather stark: visibility as an abstract consequence of the environment; or visibility as a human perceptual act. What is interesting is that the same fundamental techniques, field-of-view (Viewshed) and line-of-sight (inter-visibility) have been applied to each of these contexts – compare Fraser’s use of inter-visibility patterns [19:381] with, for example, that of Tilley [54:156]. 

We argue that general or formal methods for analysis of visibility must take account of both of these and, in doing so, we would point to the work of the psychologist James J Gibson [22]; [23]; [24]. Gibson rejected traditional theories of visual perception which assume that the brain processes static, two-dimensional retinal images into a three-dimensional  model of the world – ‘computational’ theories of vision that draw on image processing and computer-based image analysis for analogies. Instead, Gibson proposed that visual perception does not proceed from the interpretation of a static retinal image but begins with the situation of the perceiver (human or animal) at the centre of an ambient optical array [23]. This is composed of the entire array of ambient light arriving at a particular observer after structuring by the surfaces and objects in the world. For Gibson, the optical array contains higher-order invariant information, and the observer actively samples the optical array to detect this information2. A full discussion of the implications of Gibson’s theories of perception to archaeology is beyond the scope of this text, but two factors at least are of immediate concern to us in the construction of methods for the analysis of archaeological visibility.

Firstly, Gibson’s view of visual perception is far more holistic than traditional approaches. He rejects the use of simplified schematic images to elucidate responses as irrelevant to human understanding. Instead of starting from simplified pictures which can, for example, fool an observer into perceiving a small object nearby in the same way as a large object far away, he pointed out that observers are situated in complex textural arrays and are almost never presented with such a problem.3 Moreover, Gibson recognised that visual perception cannot be understood unless we also take account of movement. Movement of the observer, surfaces or objects is manifested in the ways that textural elements flow through the optical array. Rather than converting this into the differences that would be evident between two static images, he saw these flows as primal to the way in which the observer obtains information about the world. Observer movement is so central to Gibson’s theories that he uses the term ‘perceptual systems’ [24:53] in preference to ‘senses’ to indicate that sense organs cannot be properly understood if they are separated from the moving, active observer.

Secondly, Gibson considers that the information within the optical array presents affordances to observers. Thus, to a human actor, a chair presents the affordance of being available to be sat on. It does not necessarily present the same affordances to other observers (consider a horse, an insect or a wheelchair user, for example). A key aspect of affordance is that it is dependent on both the perceiver and on the environment. Objects in the world only afford properties in the context of practical action. To illustrate with an example, it is undoubtedly true that certain topographical configurations afford more or less panoramic, directionally constrained etc. views. However, they only afford these properties in the context of practical action ― the selection of such locales and acts of seeing and looking that take place at these locations are essentially human perceptual acts, driven by a will to make visible [54:204]. Such an integrated conceptualisation is already implicit within a series of recent studies regarding the landscape context of rock-art (e.g. the recent work of Bradley [6]). 

With these general points in mind, we now turn to a consideration of some of the criticisms that have been aimed at Archaeological visibility analysis, with the hope of suggesting some of the ways in which we might develop enriched forms of analysis that address both the specific issues, and our wider theoretical concerns.

4. Pragmatic Critiques and Issues

As mentioned earlier, pragmatic critiques are those which apply equally to GIS and non-GIS based visibility studies. They comprise some of the more frequently cited factors in any consideration of visibility based analyses and we consider each of them in turn.

Pragmatic Issues:


Palaeoenvironment/palaeovegetation


Object-Background clarity


Mobility


Temporal and Cyclical dynamics


View reciprocity 


Simplification

4.1 Palaeoenvironment/palaeovegetation

 “It is simply impossible to know exactly where the trees and bushes were in relation to sites and monuments, where the flowers bloomed and the rushes sighed in the wind.” [54:73].

One group of criticisms raised in connection with visibility analyses hinge on the fact that analyses are based upon modern landscape topography and take little or no account of palaeovegetation. Analysis invariably begins with the topography that is recorded on the detailed modern base-maps that underlie much traditional work and provide the foundational data layers in the GIS. It must be acknowledged that the landscape form may have been very different in antiquity. To give a crude example, if you are interested in quantifying the visual prospect of a number of suggested Mesolithic coastal foraging sites, it is important to establish whether the coastline of the Mesolithic bore any relation to that visible today. Although the issue has been discussed within a number of GIS-based studies it has rarely featured in debates concerning viewsheds (for a rare discussion in the context of viewsheds see Lock and Harris [38:217-221]). 

The issue of intervening vegetation, what Wheatley has recently referred to as the ‘tree factor’, is one of the most established critiques within visibility studies (e.g. [49]). Stated simply, past patterns in the presence and absence of trees and other vegetation could have had a dramatic effect on patterns of visibility and invisibility. The DEM is a smooth surface and although techniques exist for the introduction of blocking features, such as stands of woodland, the analyst is faced with the problem of determining the extent and height of vegetation cover in antiquity ([38:221-2]; [41:8]; [59:97-8]). The most oft-cited solution is based around the careful examination of palaeo-environmental evidence (e.g. Fraser [19]) though this is often difficult to obtain with sufficient spatial resolution. 

Rather than a problem, we see these issues as opportunities to refocus the analysis of visibility in more interesting directions. It is entirely obvious that individual, calculated lines-of-sight in prehistoric landscapes cannot be assumed to be actual lines of sight in prehistory. Thus, instead of building interpretations from individual observations we must be specific in the meaning ascribed to line-of-sight maps – often that they represent a possible line of sight and turn instead to the stochastic patterns of visibility and intervisibility that are produced through the accumulation of these effects. Additionally, it must be noted that the effects of vegetation are often seasonal, with the permeability of vegetation to vision changing over time, so that even if accurate maps of vegetation were obtained they might add little to our interpretative method. Taken together these factors serve to introduce a critical temporal dynamic into the patterns of visibility/invisibility for a certain locale. One final, rather contingent scenario where this limitation can be seen as a strength is in the use of the GIS to strip away modern tree obstructions enabling views to be assessed for which modern observation is impossible [40:111]. 

4.2 Object-background Clarity

‘Sheppey (n.) Measure of distance (equal to approximately seven eighths of a mile), defined as the closest distance at which sheep remain picturesque’ [1:122].

Being theoretically able to see something is very different from actually being able to recognise what it is that you are looking at. Assumptions of 20:20 vision in antiquity are implicit in the majority of visibility studies. This was a point noted by Fraser when exploring the intervisibility of prehistoric cairns between the islands of Orkney. He noted that long sightlines, whilst eminently feasible, often required some degree of prior knowledge as to the existence and location of the target point, unless marked by a highly visible feature such as a beacon [19]. In the context of rock-art studies, it is often the case that visibility factors are calculated for features which are themselves visually elusive [20: 55]. 

This issue of clarity is important, as a number of archaeologists are beginning to note the deliberately enhanced visual characteristics of certain structures. For example, in a recent study of an Iron Age pit alignment, Taylor noted that it was only as one got to within 200 metres of what appeared to be a single, impermeable barrier, that the individual components of the alignment would make themselves clear and the permeable nature of the structure become apparent [51:197]. Another good example can be seen in the clean chalk and gravel banks of many Prehistoric monumental structures, which one researcher has likened to acting as a form of prehistoric neon [11:84]. That such an enhanced visual impact would have been long lived has been suggested by experimental work [4]. The issue of object-background clarity and the artificiality of the ‘infinite’ view has been commented on by a number of GIS-based researchers (e.g. Wheatley [59]) with a possible solution suggested in the field of fuzzy viewsheds [50:142], where clarity decreases with increased distance [13]; [15]; [16]. Though often cited such approaches have yet to be applied in the archaeological context. 

4.3 Mobility

“I should note in passing that horizons, since they are relative to a place and move as people move, do not cut the land into pieces. Hence they mark the limits of perception, but they do not enclose...” [32:31].

A fundamental implication which comes with the acceptance of visibility as an embodied perceptual act, is the issue of mobility. We have already drawn attention to the Gibsonian view of perception that holds movement to be a central component of the ‘perceptual system’ and it is clear that views can change dramatically as a viewer moves through their environment [54:74]. In all archaeological visibility studies the viewpoint taken has been static. Despite the fact that care is often taken to ensure that the viewpoint is taken from the height of an optimum adult (usually between 1.6 and 1.75 metres) in defining the viewshed that adult is set spinning around a rigidly fixed point. It is important to accept that any vista is dependant upon bodily facing and our physiologically constrained field-of-view.

Attempts to address the issue of mobility have so far followed two distinct trajectories. The first is to generate multiple viewsheds or determine intervisibility indices for points on a pre-determined pathway. Once generated these can be integrated into a dynamic sequence [61]. The second is to integrate GIS with other technologies such as virtual reality modelling [25] which enable a degree of mobility and interaction within the study area, although at present the link in such studies between quantitative GIS and qualitative VR is at best tenuous. 

4.4 Temporal and cyclical dynamics

As well as observer movement, changes to the ambient optical array are effected by diurnal cycles, seasonal cycles, climate and weather. As a result, the places that are visible from (and the affordances presented by) a given place change in a partly predictable, partly random way through time. The predictable element of temporal change to visibility might be modelled as a series of cycles, beginning with the daily round in which the following effects recur:

night (none) ( morning (haze) ( noon (ideal visibility) ( evening (low sun)

This is nested within other rhythms such as the annual, seasonal cycle in which summer typically provides better visibility, while autumn and then winter provide less ideal conditions. Overlain on these more-or-less predictable cyclic variations will also be the less predictable effects of weather. 

One possible prototype for such a model might be the regionalised variable theory of Matheron [42], which models spatial variables in terms of a combination of three components: (i) a structural component, described by a function m(x) (ii) a random component that is spatially correlated with this called ('(x) and a random noise or residual error not spatially correlated with (i) called ("(x). A mathematical description of the changes in visibility through time might likewise be composed of three components: (i) one or more structural functions that describe diurnal and seasonal variations (ii) stochastic components that are correlated to these just as ('(x) is correlated with m(x) and (iii) a residual noise similar to Matheron’s ("(x). 

The parameters for such a model would have to derive from field observations or consultation of meteorological records, and carry assumptions about projecting these backwards. Nevertheless, it is possible that this kind of exercise would make patterns of changing visibility from archaeological sites amenable to more substantive analysis just as regionalised variable theory permits geostatistics using variograms and Kriging.

4.5 Views-to and Views from

Analyses tend to assume perfect reciprocity between a viewpoint and what is viewed, i.e. all points in a viewshed are equally able to see the viewpoint. This is particularly acute in the case of GIS-based studies which derive intervisibility uncritically from viewsheds. That this is not the case has been elegantly demonstrated by Fisher [17:1298] and was noted archaeologically as early as 1983 by Fraser in his pioneering work on Orkney. In the archaeological-GIS context, Loots has stressed this differentiation through the use of two distinct terms to describe a given viewshed: projective (views-from) and reflective (views-to) [39]. 

This failure to explicitly differentiate not only serves to raise questions regarding the validity of many existing GIS-based intervisibility studies, but has important implications for studies where issues of reciprocity are a significant factor. For example, the deliberate location of prehistoric tomb sites amidst trees and natural rocks which have a hidden quality, “sites from which one could view but not be viewed” [53:69]. It could equally apply to potential hunting sites, where the desire to observe without being observed is paramount. Confusion between ‘views-to’ and ‘views-from’ abound in the archaeological-GIS literature (e.g. [59:88]; [36:619]. This is compounded by the lack of many popular commercial GIS packages to differentiate [18:35-6].

Although this is a valid criticism, it is also true that the difference between projective and reflective viewsheds becomes rapidly less as the distance of view increases as a proportion to the viewer height. Where the viewer height is negligible with respect to the distance of the calculation then reciprocity may be an acceptable assumption. In general, though, we see this issue not as a problem but as another opportunity to develop enriched methods of analysis. For example, the difference between projective and reflective views from a given location may itself prove to be a valuable and interesting analytical product.

4.6 Reduction and Simplification

This criticism concerns the implicit assumption of temporal concordance, and the tendency to group monuments together on broad typological grounds for the purposes of viewshed and intervisibility study. The result is often a collection of features, spanning many centuries, which are investigated for visual patterning as if designed and executed according to a single, coherent plan. This can lead to complex, diachronic landscapes being reduced to simple synchronic layers. Although monuments undoubtedly persist as significant landscape and social features, such assumptions must be tested rather than accepted uncritically. Whilst such questions have been raised in the GIS literature [38:220] few attempts have been made to give adequate consideration as to their implications [59:84]; [36:614].

To some extent, of course, this is a reflection of a wider problem within archaeology: how to explain large-scale spatial and temporal patterns and processes without divorcing them from the smaller-scale actions that created them. We might also draw attention to Wheatley [59] to illustrate how an apparently synchronic, and reductionist method can be used to develop diachronic and historical forms of analysis. This is because, in developing a method for inferring intervisibility among groups of archaeological sites, the general pattern is recognised to be the result of individual choices of location for the long barrows. The method chooses to analyse the compound effects of choice of monument location over many centuries with the aim of making clear how individual choices were made: no attempt is made to offer an explanation of the pattern itself, rather the interpretation is of the individuals and groups who constructed each monument. Also, while being superficially synchronic, the analysis is implicitly diachronic because it stems from an assumption that the monuments represent a sequence of construction. Choice of location for monument construction is understood to have been influenced by existing monuments within the landscape. Although no specific sequence is proposed, the method is meaningless unless a sequence existed. What this shows, is that methods must be firmly grounded in theory. Simplification is necessary and inevitable in the analysis of archaeological materials because we rarely find evidence for single actions, and are compelled to interpret these from the (often unintended) consequences of multiple actions over time and space. At the risk of sounding repetitive, this should be seen not as a problem but as an opportunity for GIS-based studies to contribute to general archaeological theorising.

5. Procedural Critiques and Issues

Within disciplines such as Geography, Cartography and Geomatics, a considerable body of critical work has developed which is exclusive to studies of visibility undertaken in a digital environment. The key areas for discussion are as follows:

Procedural Issues:


The Digital elevation model (DEM) 


Algorithms used to calculate line of site and viewshed


The undifferentiated nature of the viewshed


Quantitative rigour


Robustness and sensitivity


Edge effects

5.1 The DEM

Any formal analysis of visibility undertaken in a GIS is predicated upon the prior existence of a Digital Elevation Model (DEM) or Digital Terrain Model (DTM). It is important to realise that in each case we are dealing with a formal model of a terrain prototype. With the DEM, by far the most common model type used in archaeological visibility studies, this takes the form of a raster grid (altitude matrix) in which the values of the individual cells represent regularly spaced samples taken from the prototype terrain. A DTM differs insofar as it incorporates an explicit representation of the form of the landscape, e.g. cliffs and ridge lines. The most common form of DTM is the Triangulated Irregular Network (TIN). This is a vector representation of elevation that models the prototype in the form of triangular faces derived from the Delauney triangulation of spot-heights or survey points. The point to emphasise here is that the formal analysis of visibility within a GIS comprises the analysis of a model rather than a prototype. In the vast majority of archaeological studies this is a DEM. As a result, the quality and accuracy of the elevation model is a critical concern in deriving reliable, quantified estimates about the visibility and intervisibility of archaeological sites. Uncertainties in the DEM are a function of the inherent limitations of the model used coupled with the quality of the data used in its construction [60: 21]. 

The issue of DEM error, its representation and propagation has been explored in detail within the general GIS literature [12]; [43]; [60]. The more specific effects of errors and uncertainty on the derivation of viewsheds have been discussed in a number of important papers by Fisher [15]; [16]. To give an example of some of the issues that arise, Woods has pointed out that the DEM is a set of discrete measurements of elevation taken from a continuous surface. As a result, concordance between model and prototype is dependant upon the resolution of the DEM and roughness of the prototype surface [60:9]. As the prototype will always contain detail finer than the resolution of the DEM, the latter serves to model topography at a certain scale [ibid]. That changing the resolution of a given DEM has an important impact upon the form of a viewshed determined from it has been illustrated in studies undertaken by Fisher [17].  

It is important to acknowledge that the accuracy of the elevation model is not related in any simple way to the accuracy of visibility predictions. This is for two reasons. Firstly, small variations in topography near to the viewer are far more likely to have large effects than similar variations further away. Secondly, hilltops and crests are far more important in the determination of visibility than valley bottoms or the sides of hills. This has implications both for the choice of elevation model and the methods used to process it. There is a clear need to ensure that the elevation values recorded in a given model are particularly accurate at hill crests and this, in turn, implies that mean-filtering of elevation matrices to reduce noise is highly undesirable when visibility analysis is to be undertaken. Although the attenuation of ‘noise’ in an interpolated terrain model is beneficial in many situations (derivation of aspect, for example) most noise attenuators (including mean filters) have the effect of attenuating the areas that most characterise hillcrests. Put simply, mean filtering elevation matrices tends to lower the tops of hills and raise the bottoms of valleys – precisely the worst possible outcome for inferences about visibility.

For visibility analysis, it has been suggested by a number of researchers that the TIN should be preferred over an altitude matrix (e.g. [34]). The TIN allows the forms of crests and hilltops to be more faithfully represented and allows the sample density (number of facets and points) to be increased in regions of high topographic variation. Despite this, published archaeological examples of visibility analysis have almost invariably used altitude matrices and raster-based GIS for analysis. This is unfortunate, but probably inevitable, given that raster-based GIS (such as GRASS and IDRISI) are more widely available than vector-based systems with the capability to work with TINs (the most notable of these being Arc/Info and Arcview). 

5.2 The Algorithms used to delineate viewsheds

As well as factors related to the choice of surface model, Fisher has shown that variations in the algorithm chosen to derive a given Viewshed can result in significant differences in the final form of the mapped field-of-view. In a study of the algorithms implemented within different GIS packages, Fisher found variations of up to 50% in the area of a given viewshed, caused by differences in the way in which different implementations determined  factors such as the method used to infer elevation for the DEM , how viewer and target locations are specified and treated, and how elevations are compared between locations on the DEM [14]. The importance of accurate and comprehensive metadata accompanying any visibility study cannot be emphasised enough.

5.3 The undifferentiated nature of the viewshed

The traditional result of a viewshed analysis is a simple binary data layer, coded ‘1’ for areas in-view and ‘0’ for those out-of-view. The result is extreme and emphatic and the cut-off between the two zones is clearly demarcated: you can either see a portion of the land surface or not. In the viewshed there appears to be no room for ambiguity and uncertainty. 

Following on from our discussion of DEM and algorithm issues, the one factor that should be clear is that there are potentially enormous levels of uncertainty inherent in any viewshed calculation. As a result, Fisher has suggested that the simple binary viewshed should be replaced with what he has termed a ‘probable’ viewshed [16]. The probable viewshed is based upon the summation of repeated viewshed calculations taken from the same viewpoint. These are based upon versions of the DEM which utilise a monte-carlo simulation approach to incorporate errors taken from the overall error range resulting from the DEM creation process. The probable viewshed technique offers a methodology for accommodating and representing the errors inherent in the DEM creation process directly within the viewshed itself. 

A further weakness of the traditional, binary viewshed is that it fails to take into consideration more perceptual aspects of visibility, such as the observed fall-off in object-background clarity that occurs with increased distance. One solution has been to incorporate fuzzy set theory into the representation of a given viewshed [15]. Rather than a clear cut edge, values at the interface between ‘in-view’ and ‘out-of-view’ are graded between 1 and 0 depending upon distance from the viewpoint. As Fisher has pointed out, by combining both the probable and fuzzy Viewshed a much more satisfactory product can be obtained than that offered by the traditional binary product. 
It is fair to say that the time constraints involved in the generation of the multiple viewsheds required for such representations would, in the past, have limited the routine applicability of such techniques. However, increasing processing power coupled with optimised techniques for the rapid calculation of viewsheds (e.g. [33]), are serving to increase greatly the accessibility of such representations. As a result, applications of the probable viewshed are beginning to appear in the specialist archaeological literature [44] 4.

5.4 The lack of quantitative rigour

In highlighting this, it is not our intention to denigrate the more qualitative use of viewsheds as heuristic devices. It is merely to point out that in GIS-based archaeological studies purporting to be analytical, little quantitative rigour is exercised in assessing the validity of claims based upon the study of viewsheds. As Aldenderfer has pointed out, the study of multiple viewsheds ‘could’ be seen as a form of exploratory data analysis, but more often ‘the calculation of viewsheds can be used in lieu of thinking about the problem’ [2: 16]. An exception has been the work of Wheatley on the analysis of cumulative viewsheds. These summed viewsheds can be treated as a statistical population of the number of visible sites of all of the cell locations in the study area, and the individual sites samples of this population. As a result one-sample statistical tests can be undertaken comparing the site intervisibility data against a background standard. In practice the Kolmogorov Smirnoff goodness of fit test has been utilised [58]. 

5.5 Robustness and sensitivity

This concerns the need to repeat visibility analyses to investigate the effect of factors such as changes in viewer and target heights and intervening vegetation. For example, if the aim was to investigate the issue of intervisibility between supposed signal stations, given uncertainties as to the height of the original structures and role of factors such as smoke, it would be prudent to repeat the analysis for a range of viewer and target heights. The importance of this factor was noted by Lock and Harris in their detailed study of visibility patterns in the Danebury region of Southern England [38].

5.6 Edge effects

This important factor in the interpretation of viewshed and visibility patterns has been noted by Martijn van Leusen. Since viewsheds are generally large relative to the study region, they tend to ‘fall off the edge’ of the study area. Conversely, viewsheds of sites lying outside the region will fall partly within the study area, but those sites are not part of the analysis so their viewsheds are never calculated. As a result, a degree of caution must be exercised in the interpretation of apparent visibility patterns (for a detailed discussion see van Leusen [55]. Edge effects are particularly important where cumulative or multiple viewsheds are generated, and they can be mitigated in a number of ways. The most obvious solution is to exclude the edge of a study region from the formal statistical analysis: in other words to generate a ‘buffer’ around the actual area of interest that ensures minimal edge impact within the area under consideration. Of course, in situations where the entire archaeological populations are available – such as islands or discrete spatial groups of monuments – then the impact of edge effects is minimal.

6. Theoretical Critiques and Issues

“The eyes have been used to signify a perverse capacity – honed to perfection in the history of science tied to militarism, capitalism, colonialism and male supremacy – to distance the knowing subject from everybody and everything in the interests of unfettered power” [28:188].

Discussion in this section concentrates upon the more general critiques raised in the context of post-structuralist developments in archaeological theory, themselves arising from wider debates in the humanities as a whole. Although widely discussed within the context of archaeological theory, such issues have rarely been fore-grounded and explored within GIS-based studies (for a notable exception see Llobera [36]). As will quickly be appreciated, although three groupings have been identified for the purposes of discussion, considerable overlap exists between them:

Theoretical Issues:


Meta-critique of technological determinism


Occularism, visualism and the nature of perception


The map perspective and the viewing platform

6.1 Meta-critique of technological determinism

‘Multiple viewshed analysis is more the product of the methodological possibilities of a GIS than of archaeological theory’ [56:61]. 

This comprises a series of well rehearsed critiques regarding the theoretical impoverishment of GIS and the primacy afforded to certain theoretical perspectives over others. This can be attributed to the push-button functionality of GIS and the notion that the GIS is little more than a neutral, atheoretical tool. Taken together these factors can result in the inherent strengths and weaknesses of the GIS exerting a strong influence upon the lines of enquiry followed. A subset of this can be seen in the debates concerning environmental determinism that dominated discussion in the mid 1990’s. 

Although this is now largely the province of unhelpful polemic and rhetoric, a number of researchers have pointed out that in the case of viewsheds there does seem to be a tendency to regard the only limiting factor as being the time it takes to generate them. Coupled to this is a sense that if you throw enough accumulated viewsheds at a problem it is bound to go away. One of the aims of this paper and recent discussions regarding the historical development of visibility analyses [26] is to establish a constructive framework for addressing precisely this issue. 

6.2 Ocularism and Visualism and the nature of Perception

The prioritisation of vision, its separation from and privileging over the other senses, can be detected in other areas of life, substantiating the claim that we live in a ‘specular civilisation’ [52:22].

Drawing on Gibson’s ideas, we have already commented on the limitations of a traditional view of visual perception. However, another critique that can be made of visibility analysis concerns the primacy placed upon vision over and above the other senses. This, it is argued, is more a legacy of enlightenment ideals and a Renaissance reformulation of perception away from the other senses and towards vision, than any a priori hierarchical ordering of the senses. The question posed is whether in claiming to explore visual phenomenon in the past we are instead projecting a particular type of visual understanding peculiar to the present? Why, for example, is it assumed that a modern appreciation of panoramic and dramatic vistas was shared by the past communities under study. In such critiques, far from depicting vision as a timeless and neutral act, the act of looking in the Neolithic being the same as looking today, it is depicted instead as being highly contingent, imbued with power and deeply political [52]; [31:15-20]. Returning to Gibson, we cannot assume that the ambient optical (or haptic, or auditory) array presents the same affordances to us as it did to prehistoric inhabitants.

It can also be argued that a notion of perception based solely upon what can and cannot be seen, is a gross and inadequate simplification. A number of researchers have argued that perception is better conceptualised as a synergistic relationship between visual (sight), auditory (sound), olfactory (smell) and haptic (touch) phenomena (e.g. Rodaway, [48]). Reliance upon vision at the expense of the other senses, or perhaps more importantly believing that there is a reliance upon the visual, can be termed 'visualism'. As has been noted, this notion of vision as the dominant mode of perception is situated both culturally and historically within contemporary society. What has to be emphasised is that even when a single sense is claimed as somehow dominant or primary, for example sound to the forest-dwelling Umeda of New Guinea [21] or vision to modern western Europeans, it never functions independently of the other senses, nor is it in any way objective [5].

6.3 The Map perspective and the viewing platform

“Distance therefore is not a line endwise to the eye… To think so is to confuse abstract geometrical space with the living space of the environment. It is to confuse the z-axis of a cartesian coordinate system with the number of paces along the ground to a fixed object” [24:117]
Building upon the above, having noted the unique nature of modern visual perception, many researchers have gone on to highlight a concern that the representational schema chosen to represent and depict the world, serve to enforce and legitimate very particular ways of seeing. Such critiques are principally focused upon the map, but given its reliance upon the map interface, have begun recently to explicitly target GIS. Central to these critiques is the idea that a de-corporealisation of vision is enshrined and perpetuated by such techniques [27:65]. In studies of visual phenomena, and in particular those reliant upon GIS, the perceptual act is reduced to the delineation of a viewshed, which is in turn presented as an aseptic zone on a flat projected mapsheet. It has been argued that the adoption of such a perspective serves to enforce a rigid removal of the observer from the frame. They become a hovering voyeur, able to see everything from nowhere in particular and in no way taking part. Such a perspective has been referred to by a number of writers as a “God-Trick” [28:189]. 

In addition, the objective nature of mapsheets has been brought into question by a number of authors (e.g. Harley [29]; Pickles [45]. In an archaeological context this can be illustrated by the problems facing landscape archaeologists in Poland during the 1970’s and 1980’s. As a result of the pervasive climate of cold-war paranoia, the basic map coverage of the country was full of deliberate distortions, such as artificially steepened slopes and the addition of fictional areas of land  [3]. 

7. Developing enriched approaches to the study of viewsheds

The aim of the previous section has been to highlight and assemble the principal issues, limitations and criticisms that have emerged as concerted efforts have been made to incorporate visual phenomenon into archaeological analyses. Taken as a block they form a formidable body of critical considerations that must be addressed if GIS-based visibility studies are to develop and proceed. Whilst not all are applicable to each and  every analysis, we feel strongly that all should be considered before embarking upon a GIS-based visibility study.

So far so good, but at this point it could be argued that whilst critique is undoubtedly useful, on its own it is only of limited use. If visibility is to be adequately incorporated into archaeological studies, and GIS is to provide the ideal mechanism within which to develop such approaches, then the critiques listed above must be fore-grounded, confronted and/or embraced. In short, archaeologists must be encouraged to ask whether undifferentiated viewsheds and calculations of intervisibility are adequate to explore visibility. If the answer is no then they must be willing to work towards the development of new approaches. 

This process is not new within archaeology. Both Evans and Fraser proposed the use of distance classes and visual ranges to break down the undifferentiated field-of-view, and suggested techniques for exploring networks of intervisibility [11]; [19]. Looking specifically at the GIS, researchers have not been slow in suggesting ways in which to elaborate and differentiate the Viewshed. This has been through techniques such as cumulative viewshed analysis and the gradient viewshed [58]; [36]. 

Although developments are currently taking place, for example the pioneering work of Llobera in his analyses of the innate affordances of landscape configurations towards visibility through the study of factors such as prominence and hiding [37], it is in a rather ad-hoc fashion. What is lacking is any clear and coherent conceptual framework within which to situate such developments. In the remainder of this paper we seek to identify precisely such a framework through an introduction to the work of the landscape planner Tadahiko Higuchi. Using the work of Higuchi as a base, we would also like to take the first steps towards addressing some of the issues highlighted above, through the introduction of a series of enhancement to traditional viewshed analysis. The aim is to replace the undifferentiated viewshed with a field-of-view calculation that is structured around a number of quantifiable view-distance classes. In so doing, we hope to address aspects of the criticism of the undifferentiated nature of the binary viewshed highlighted earlier. In addition, we would like to further investigate structure within a given viewshed through a simple technique for quantifying any inherent directionality.

In each case an important consideration has been that of accessibility. Both of the techniques rely upon the application of straightforward map algebra, and techniques present in the generic GIS toolbox. Development was undertaken using the relatively low-cost raster system, Idrisi.

7.1 The Higuchi Viewshed

In his study of the prehistoric monuments of Orkney, Fraser offered a series of distance classes that could be used to decompose a given field-of-view into bands related to the fall off of visual clarity with distance [19]. Although his technique has found application in a number of studies of rock-art [7] this has been to an extent uncritical, as the distance criteria used by Fraser were purely qualitative and specific to the island environment of Orkney. 

In seeking to establish a series of distance classes for the decomposition of the binary viewshed, our aim has been to identify a more objective measure for the classification of a viewshed into visual ranges. One that can be applied reliably in any environmental context. Our solution builds directly upon the work of the Japanese landscape planner Tadahiko Higuchi in his pioneering work on the visual and spatial structure of landscapes. Higuchi was concerned with the visual structure of landscapes, i.e. the factors affecting the appearance of a scene from a freely chosen point of observation. His aim was to establish a series of indexes that could be used to quantify and characterise a given visual environment. In practice 8 indexes were identified [30: 4], these are listed as follows:

The Visual Indexes proposed by Higuchi

1.
Visibility/Invisibility

2.
Distance

3.
Angle of incidence

4.
Depth of invisibility

5.
Angle of depression

6.
Angle of elevation

7.
Depth and 3-Dimensionality

8.
Light

It can be argued that a number of these indexes have already been investigated in the context of GIS. For example, the issue of visibility/invisibility, arguably the simplest index, is already being addressed by the binary viewshed. In addition, the work of Fisher on horizon, reverse and offset viewsheds, coupled with Llobera’s studies of prominence and hiding, have begun to explore what Higuchi identified as indexes 4 and 7. In this paper we intend to concentrate on the second of Higuchi’s indexes, that of distance, elaborating Higuchi’s description to also incorporate direction.

Higuchi acknowledged that the way in which a view unfolds and the quality or texture of the object viewed varies with (and depends upon) distance from the observer. Rather than attempt to evaluate this phenomenon on wholly arbitrary or contingent grounds, Higuchi sought to determine a standard index that quantified and communicated this effect of longer/shorter distances. One of the major problems faced was in the selection of a standard object for observation, i.e. an object whose behaviour in a given view could be used to quantitatively establish a series of classes. Prior to Higuchi’s work, formal studies of distance had been concentrated within the built environment, where distance was commonly restricted by structures and buildings. These studies had tended to use aspects of the human body as a scale, for example the distance at which a human face is recognisable. 

As Higuchi acknowledged, natural landscapes are much more complex as they extend much farther and engage a host of additional complicating factors such as haziness and object background clarity. As a result, the standard objects used in urban contexts could not be applied uncritically to non-urban situations. In response to this, Higuchi selected the tree as his standard object.

In practice a given view is divided into 3 components short-distance view (foreground); middle-distance view (middle ground) and long-distance view (background) [30:13-14]. 

In the short-distance range trees are recognised as individual entities with discrete leaves and  branches. You can hear the wind blowing through them and see the fluttering leaves. Objects in the short-distance view are perceived as being immediate and close to the viewer, engaging all of their senses. In quantitative terms the maximum distance at which visibility can be regarded as short-distance is equivalent to a horizontal angle of steady gaze of 1 degree, or approximately 60 times the size of the dominant tree species for the area.
The middle-distance range is that which we most commonly associate with a pictorial landscape. The outline of treetops are visible but not the details of individual trees. All sense impressions other than vision play no part. To quote Higuchi “One does not feel but merely views, and the variations in the shape of the terrain become important compositional elements. We see the forest rather than the trees” [ibid: 12]. The juxtaposition of topographical patterns in the middle-distance serves to give it a strong sense of depth and the effects of factors such as mist and haze also begin play a part in what is seen. 

At a horizontal angle of gaze of 3 minutes, equal to a distance of 1,100 times the size of the tree, we move into the long-distance range. Here a viewer can tell that an area is wooded but little more. The contours of the treetops cannot be perceived, but the overall texture is uniform and colour only functions as lighter or darker patches in an overall blur. One of the most important factors is the horizon. There is no longer a sense of depth. What is viewed acts as a vertical backdrop. 

It is important to emphasise that the precise distances involved in distinguishing between the ranges are dictated by the typical tree size for the area under study. As a result the extent of the ranges will change depending upon the precise location and prevailing environmental conditions. 

7.2 A recipe: How to generate an Higuchi viewshed

Generation of an Higuchi viewshed is a very straightforward operation. The stages are summarised below. Rather than a full case-study, a sample data set has been used to develop the Higuchi viewshed. This comprises a section of the route of the prehistoric track known as the Ridgeway, as it runs along the Wiltshire downs of Southern England (Figure 1). In practice a series of viewsheds have been generated at points along the track where it shows clear changes in direction.

Stages in the Generation of an Higuchi Viewshed

1.
Calculate binary viewshed for viewpoint

2.
Calculate a distance layer from the viewpoint

3.
Reclassify the distance layer according to the Higuchi class criteria (determined by the typical tree height for the area and period under study)

4.
Overlay the binary viewshed upon the distance layer to extract the distance range values which fall within the in-view zone
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Figure 1 – The Ridgeway study area. The viewpoints used n the evaluation are shown numbered. Also marked is the location of the World Heritage Site of Avebury (A)

The first stage in the process is to generate a simple binary viewshed from the viewpoint of interest. A distance layer is then created from the observation point. The latter encodes each cell in the raster grid with a value equal to its distance away from the viewpoint. This distance layer is then reclassified into short, middle and long-distance zones based on the values calculated for the typical tree-height in the area for the period under study.

The final stage is to use an overlay operation treating the binary viewshed as a mask, or ‘cookie-cutter’, to extract the relevant information from the distance layer, i.e. the distance bands falling within the in-view areas of the original Viewshed. The process is summarised in Figure 2.
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	The binary viewshed generated for viewpoint 3


	The distance layer generated with respect to viewpoint 3
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	The distance layer re-classified into the Higuchi distance ranges


	The binary viewshed overlain upon the Higuchi distance ranges to yield the final Higuchi viewshed.




Figure 2 – Generating an Higuchi Viewshed

Depending upon the precise GIS being used to undertake the operation, a number of simple enhancements can be made to this basic process. For example, in situations where view reciprocity is deemed important, systems such as GRASS, ArcInfo and Arcview can be used to generate the initial viewshed. If you would like to emphasise the uncertainty involved in the calculation a probable viewshed can form the basis for the generation of the Higuchi viewshed, with fuzzy classificatory criteria used to create gradual zones of transition between each of the classes.

7.3 The archaeological uses of Higuchi viewshed

By decomposing the Viewshed we can now begin to examine the qualitative visual relationship between the viewpoint and the features and objects within the field-of-view. Features which are in the short-distance range can be thought of as integral and immediate to the everyday lives of the occupants of the viewpoint. In contrast, features in the middle-distance form what we might think of as the scenic landscape setting for a given viewpoint, replete with spatial and temporal depth and acting as both referent and context of meaning for a given locale. Features in the long-distance category are those which may be visible but are not readily identifiable, having lost any distinctive and individual identity. 

Let us illustrate these ideas through a brief example concerning the visual choreography of Bronze Age burial mounds in the siting of a later monument. If an emphasis upon a direct lineage is important a location may be selected so as to include a specific mound in the short-distance range. It may then be desirable to ensure that the burial mounds of the more general ancestors are prominent in the middle-range view, setting a broader temporal context for the monument. Acknowledgement of a deeper, mythical time, may take the form of much earlier long mounds punctuating the horizon of the long-distance backdrop.

The Higuchi Viewshed also enables locations at the transition points between the distance classes to be highlighted, enabling areas of possible liminality and transition to be identified. One challenge will be to incorporate the biasing effects of certain monuments and topographic configurations upon this simple clarity-distance based calculation. For example Evans’ notion of Neolithic and Bronze Age earthworks acting as a form of Prehistoric neon [11]. 

In quantitative terms, the Higuchi viewshed also enables a given viewshed to be characterised according to its overall character. Is it dominated by short, medium or long views and how do the relative proportions of each class relate? It also has the potential to provide a much more useful basis for comparison between views taken from different viewpoints than mere area.  

In practice we have quantified the proportions of each class in a given viewshed in terms of percentage-of-possible-view rather than absolute area. Assuming a tree height of 6 metres, the possible view in the short-distance range will always be pi x 0.36 km2, or 0.407 km2. The middle-range will then be pi x 6.60 km2 – 0.407 km2 and the long distance, assuming a maximum visible distance of 18 km, will correspond to pi x 18.00 km2 – the values for the short and middle distance bands. You are effectively expressing the proportion of each class as a percentage of a constant and the result can easily be summarised using a histogram. Sample Histograms for the Ridgeway viewsheds are given in Figure 3.


[image: image6.wmf]Higuchi Viewsheds for Ridgeway Viewpoints

0

20

40

60

80

100

1

2

3

4

5

6

7

8

9

Viewpoints

Percentage of Maximum 

possible Viewshed

Std-Short

Std-Middle

Std-Long


Figure 3 – Proportions of viewshed in each of the Higuchi bands at locations on the Ridgeway

This percentage method could also prove useful in minimising edge effects whereby the longer distance classes for a given viewpoint fall beyond the limits of the study area. In such cases the area-of-possible view would no longer be a constant, though some degree of caution should be exercised in determining the inferential value of the results generated.

One important consideration is that there will invariably be a higher percentage of view in the nearer than farther bands. Comparing, for example, 60% of possible terrain visible in the short-distance band with 60% in the long-distance as if that constituted an equality, would be problematic. A solution would be to generate (or estimate) the population parameters, i.e. generate a series of percentage-of-possible view values for every location (or a random sample of locations) to derive a ‘typical’ diagram for the study area. This can then be used to assess deviation in the archaeological viewsheds. The degree of deviation (statistical significance) can then be calculated using a one-sample test (in the case of a population) or two-sample test (for a sample of the population). 

7.4 Assessing Directionality in a Viewshed

As work progressed on the Ridgeway viewsheds it rapidly became clear that certain of the fields-of-view exhibited a very pronounced directionality (Figure 4). In an attempt to investigate this in a more quantitative fashion, we have developed a simple technique once again based upon the generic techniques available in any simple raster GIS. The various stages in the process are summarised below:

Assessing Directionality in a given Viewshed

1.
Generate a simple binary viewshed from the observation point of interest

2.
Calculate a distance layer from the viewpoint

3.
Reverse the distance layer so that cells record a decreasing value from the observation point

4.
Derive an Aspect layer from the reversed distance layer, treating it in effect as a cone-like DEM

5.
Reclassify the aspect layer into directional zones as required (e.g. N; NE; E; SE; S; SW; W; NW)

6.
Overlay the binary viewshed over the reclassified Aspect layer using it as a mask to extract the relevant information falling within the in-view area

7.
Produce a histogram or summary statistics for proportion of cells in the ‘in-view’ area which fall within each direction zone.

The first two stages are identical to those used in the generation of an Higuchi viewshed. A simple binary viewshed is calculated along with a distance layer centred upon the viewpoint location. The next stage is to reverse the distance layer. This was achieved in Idrisi by subtracting the maximum cell value (rounded up to a convenient integer) from the layer. The result was a series of negative values increasing as you move away from the viewpoint. By making the layer absolute (i.e. removing the negative sign) the result is an inverse of the original distance layer (i.e. cell values increase as you move closer to the viewpoint).

The next stage is to treat this layer as a DEM (in effect a cone with the viewpoint on top) and derive an aspect layer from it. Once generated, this aspect layer can be reclassified into the directional zones of interest. In the study of the Ridgeway viewsheds we reclassified the aspect layer into 8 zones corresponding to N; NE; E; SE; S; SW; W; and NW. The binary viewshed is once again used as a mask in a simple overlay operation to extract the relevant aspect information for the ‘in-view’ zones. The process is summarised in Figures 5a and 5b.

The final stage is to derive summary statistics or a histogram for the proportion of cells of the ‘in-view’ area which fall within each of the direction zones. The result is a quantitative summary of the directional trends inherent in the Viewshed that can be used in a qualitative or quantitative fashion (Figures 6a and 6b).
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Figure 4 – Viewsheds generated from selected viewpoints along the course of the Ridgeway
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	The binary viewshed for viewpoint 3.


	The distance layer for viewpoint 3.
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	The reversed distance layer (i.e. cell values increase as you approach the viewpoint).


	The Aspect layer calculated using the reverse distance layer as a surrogate DEM. The aspect layer has been re-classified into 8 zones: N; NE; E; SE; S; SW; W; NW




Figure 5a – Creating a Direction Viewshed
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	The binary viewshed is then overlain onto the aspect layer to yield the directional viewshed 




Figure 5b – Creating a Direction Viewshed
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	Histogram for the viewpoint 3 direction viewshed. The numeric scale along the X-axis corresponds to the following directional zones: N (1); NE (2); E (3); SE (4); S (5); SW (6); W (7); NW (8). As can be seen, the viewshed is heavily directional, biased towards the Southwest.




Figure 6a – Quantifying Directionality
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	The directional characteristics of selected viewpoints can be directly compared.




Figure 6b – Comparing viewsheds

8. Conclusions

It is clear that, if visibility is to be adequately incorporated into archaeological studies, then a number of developments must take place. Archaeologists must be encouraged to work towards the development of new approaches, geared around the specific requirements of archaeology. These can involve the design and implementation of novel new approaches (e.g. the work of Llobera, [36]; [37]) or the weaving together of techniques already present within the capabilities of the GIS (the approach followed here).  

The aims of the present discussion have been twofold. Firstly, the aim has been to offer a reasonably thorough critique of current, GIS-based viewshed applications. In doing so, we acknowledge that critique alone is of limited use. As a result, the spatial indexes proposed by Higuchi have been advocated as a framework for the further elaboration of the Viewshed function. The second aim has been to suggest some positive ways forward. As an accessible ‘first-step’ towards addressing some of the base criticisms of traditional binary viewshed analysis, the Higuchi and directional viewshed techniques have been offered. It is hoped that these will not only serve as a set of useful heuristics, but more importantly act as catalysts for further development.

Notes

1. It is not perhaps surprising that the majority of visual approaches are concerned with landscape archaeology given that a direct equation is often drawn between the concept of ‘landscape’ and that of ‘field-of-view’. This has much to do with the origin of the term ‘landscape’ within art, a topic much discussed by archaeologists and geographers (for a recent discussion see Lemaire [35]; Cosgrove [9]; Ingold [32]).

2. Note that, unlike Webster [57], we see that it might be possible to follow a Gibsonian view of visual perception without necessarily subscribing wholesale to his controversial, theory of direct perception. This was only one component of his ‘Ecological Approach to Visual Perception’ [24] and proposes that the information in the optical array evokes some kind of resonation in the animal, rather than being sampled from the optical array and then processed into meaningful information.

3. To illustrate the comedy value of an observer who actually could confuse these situations, we need only to consider the scene in Channel 4’s popular TV series ‘Father Ted’. When Father Dougal is confused by the view from a caravan window. Father Ted replies along the lines of ‘How many times to I have to tell you, Dougal. Big cows: nearby. Small cows: far away’.

4. Rather confusingly the authors refer to the technique as fuzzy viewshed analysis, though it should be acknowledged that Fisher himself confused the two in early discussions [16: footnote 1].
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