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abstract 

This paper focuses on the use of lidar (Light Detection and Ranging) data for the study of rural land-

scapes in the context of regional archaeological analyses. In particular, we concentrate on using lidar to 

highlight the importance of activities other than habitation, as well as the use of areas outside the modern 

ploughzone. It has frequently been said that one of the major challenges to archaeological landscape sur-

vey is the incorporation of uplands, marshes, forests and other areas we term ‘outside the ploughzone’. 

Such areas are normally surveyed primarily through fieldwalking, but we suggest that lidar may make a 

significant contribution, although there are serious practical and methodological problems to overcome. 

Further, we argue that including these areas will alter the overall picture of rural landscapes in unexpect-

ed ways. The potential and challenges of integrating these areas and activities into landscape and region-

al scale research are sketched in this paper. We use a recent lidar survey as a case study to explore these 

issues. The project was funded by the Regional Council of the Franche-Comté for the lieppec project, led 

by the USR 3124 and LEA ModeLTER, and is based in the hinterland of Besançon, Doubs, France. 

	 The area surrounding Besançon is now largely forested, resulting in a dependence on the interpre-

tation of the lidar model to guide field prospection. This paper provides some early results from the 

Forêt de Chailluz, north of Besançon; we use lidar to refocus the picture from one dominated by ques-

tions of settlement, settlement patterns and agriculture to one incorporating questions about complex 

networks of sites and activities, distributed across a wider range of landscape contexts. Using these initial 

results, we reflect on how lidar survey fits into the dynamic area of survey, landscape and regional ar-

chaeology.
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introduction: lidar survey in regional and landscape research 

The archaeological study of local and regional long-term landscape change can be approached from many 

perspectives. Survey Archaeology, Regional Analysis and Landscape Archaeology are three major, inter-

dependent approaches to this subject, employed to study how people exploited and experienced their sur-

roundings, addressing questions including: How did natural and social resources and contexts influence 

the creation and development of settlement? Conversely, how did past societies manage and develop their 

surroundings to reshape the landscape? How are the cumulative results of these actions reflected in the 

modern landscape?

	 Based on a case study at Besançon (Doubs, France) (fig.1), for which we present some preliminary 

results, this paper attempts to illustrate some ways in which lidar survey can be used to address these 

questions. We open by situating our research in the context of fieldwalking and aerial survey archaeology, 

Figure 1. The location of the Besançon 
LiDAR survey. Image: R. Opitz, Lieppec / 
MSHE C.N. Ledoux
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and Landscape and Regional Studies. We then focus on evidence, identified through the lidar survey, 

from the modern Forêt de Chailluz. This evidence provides new information on the development of the 

local rural economy, the organisation of the landscape, and the shifting boundaries of the forest. Based 

on these results, we discuss key methodological points on the use of lidar survey in micro-regional con-

texts, and note other areas where lidar can contribute.

research context

Many recent projects combine ‘a landscape approach with traditional spatial and temporal systematics, 

to incorporate the dynamic scale of landscape analysis with the fine-scaled spatial and temporal analysis 

of patterns characteristic of traditional archaeological practice,’ (Anschuetz et al. 2001, 191-192; Kantner 

2008 for an overview) in producing regional studies. Within this framework, it is possible to ask a wide 

variety of questions. Regardless of the specific questions at hand, the biases of fieldwalking surveys and 

aerial photographic surveys will strongly influence the conclusions reached, because the vast majority 

of our systematically collected data on the settlement and, more broadly, on the organisation of the rural 

world comes from these surveys. The result is that many projects focus on patterns of habitation and ag-

riculture, the two activities most often represented in survey data. In contrast, small features represent-

ing other, complementary aspects of the economy (e.g. surface mines, limekilns, charcoal platforms, and 

small quarries) are often under-represented. Far from a lack of interest in activities beyond settlement 

and the agriculture at the micro-regional and regional scale, the problem is the lack of data. Features 

and sites representing activities other than settlement and agriculture, although included in thematic 

studies and interpretations, are not identified in large enough quantities to be used in the type of formal 

spatial analysis widely employed in micro-regional and regional survey analyses. The bulk of the data de-

scribes settlements, while some local and larger studies include agriculture by incorporating information 

on field systems in addition to data on settlements (e.g. Favory 1988; Boyer et al. 2003) and off-site records 

such as ceramic scatters linked to agricultural practices, most commonly manuring (e.g. Wilkinson 1994, 

2004; Nuninger 2003; Bintliff et al. 2007; Poirier et al. 2008; Bertoncello & Nuninger 2010). It is unusual 

to find a study which integrates all the structures which represent the many activities found in the rural 

landscape. 

	 Secondly, systematic fieldwalking surveys usually try to sample across all landscape zones, but the 

majority of the data produced is concentrated in the modern agricultural landscape, where archaeologi-

cal visibility is good (fig.2) but which represents only a small subset of past landscape zones. While aerial 

photography is effective in a broader range of landscape areas, its capabilities are significantly dimin-

ished in forests. This is particularly problematic for regions like the Franche-Comté in France where 45% 

of the surface is wooded, or Tuscany in Italy and Karst in Slovenia, where upwards of 60% of the area is 

under forest. Researchers have developed specific methodologies for uplands (e.g. Walsh & Richer 2006; 

Walsh et al. 2009; Riera et al. 2010 for examples), for wooded and scrub areas (e.g. Bommeljé & Doorn 

1987; Doyen et al. 2004; Dupouey et al. 2007; Pautrat 2003), and at the other extreme for undersea areas 

(Gaffney et al. 2007). While the amount of research on ‘marginal’ parts of the landscape has greatly in-

creased, projects focused on the ploughzone and different ‘marginal’ parts of the landscape are usually 

conducted separately and the two are not always well integrated. 
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The problematic implications of the lack of synthetic work incorporating both lowlands and uplands and 

other marginal zones have been noted many times (e.g. Cambi 2000; Bintliff & Kuna 2000; Bintliff 1994 

and critically reiterated by R. Benton in his review of the Populus series; Benton 2001, 628-629). This dis-

junction calls for techniques that can be used to produce data on a large scale, analogous to those cre-

ated through systematic fieldwalking, and so improve the integration of ‘other’ landscape areas – outside 

the ploughzone – into survey and subsequently regional analyses, while (ideally) opening up avenues for 

thinking more broadly about interactions between people and place and landscape beyond a collection of 

sites in an environmental background.

 	 lidar (also known as light detection and ranging or airborne laser scanning) is a relatively new 

survey tool, increasingly used by archaeologists since 2004 (Sittler 2004). lidar is a technology that pro-

duces accurate and dense topographic data, similar to that recorded with a GPS or total station, by scan-

ning the surface of any object with a laser and recording aspects of the returned waveform. lidar survey 

creates a very accurate and detailed model of the terrain in all unbuilt areas, including those obscured 

by forest or scrub, because some laser pulses will penetrate the vegetation canopy. It is particularly effec-

tive in areas outside the modern agricultural landscape, including uplands and other so-called marginal 

zones, because topographic remains are generally well preserved in these areas outside the ploughzone. 

lidar can be used for detailed planning of monumental remains or individual sites (e.g. Devereux et al. 

2005; Corns & Shaw 2009), but it also can be used to systematically identify and characterise many small 

sites and features across the landscape. In this way it can vastly increase the amount of data we have on 

past human activities in the rural milieu (e.g. Sittler et al. 2007; Crutchley 2009). 

	 We suggest that lidar can play a role, alongside fieldwalking data, in bringing these ‘marginal’ 

landscape areas more fully into the regional picture. At the same time, the continuous nature and de-

tailed characterisation of the physical form of the terrain provide multiple avenues for getting off-site 

and exploring the physicality and experience of places. These applications are illustrated using examples 

from an ongoing study of the area around Besançon.

Figure 2. Dense vegetation in both Mediterranean (left) and Continental (right) European 
landscapes poses serious problems for fieldwalkers wishing to survey outside the ploughzone. 
Image: R. Opitz, P. Mosca Lieppec / MSHE C.N. Ledoux
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modern land use and research history at besançon

The area surrounding the town of Besançon (Roman Vesontio) in eastern France (fig.3) is a heavily wooded 

karstic landscape, dominated by a large forest to the north of the town and a marsh and further woodland 

to the south. Besançon has been an urban centre since the first Iron Age and, after becoming Vesontio in 

the Roman period, continued as a regional centre, remaining an important town throughout the Late An-

tique, Medieval and Modern periods. 

	 The city of Besançon itself is well studied, thanks to extensive rescue excavations. In contrast, lit-

tle is known about the archaeology of the surrounding area. A lidar survey commissioned in April 

2009 has revealed the remains of previously unknown buildings, almost 200 limekilns, more than 2,000 

charcoal burning platforms, dozens of quarries of various types and networks of field boundaries in the 

Figure 3. (left) The hillshaded bare earth DTM of the study area. (right) 
Air Photo mosiac of the study area. The LiDAR survey for Besançon 
covers an area of 140 km2 and includes the Marais Saone to the south 
and the Forêt de Chailluz to the north of the urban centre. The discrete 
return LiDAR data was collected at a nominal resolution of 0.5m (8pts/
m2), with up to 4 returns per pulse. The data was initially processed by 
the providers (AeroData France), and reclassified by the authors using 
Terrascan and Terramodeler to generate improved bare earth models. 
Multiple hillshades were produced for visual inspection, in parallel with 
visualisation of the point clouds for individual areas. Image: R. Opitz, L. 
Nuninger, Lieppec / MSHE C.N. Ledoux



woods. These sites and features now represent the majority of archaeological information about the lo-

cal rural area. The lidar survey is the basis for an ongoing campaign of fieldwork, concentrated on the 

Forêt de Chailluz and its adjacent pastures and meadows. The importance of the lidar dataset in this 

study area forces us to think seriously about the potential role of topographic data, the physical forms of 

past landscape elements encapsulated in the modern landscape, and the relationship between lidar and 

field survey. 

	 It is widely agreed that one of the advantages of remote sensing survey, including lidar, is its rapid-

ity compared to any other form of extensive survey. A further advantage is the significant increase in the 

number of features recorded in the area studied: often by as much as 50% outside areas heavily degraded 

by modern land use (Nuninger et al. 2008). However, systematic surface survey is needed to confirm and 

correct the interpretation of the lidar data and to provide chronological evidence (e.g. Risbol et al. 2006; 

Georges-Leroy et al. 2008a, b). The following sections present some initial results for part of the Forêt de 

Chailluz and outline two of the main challenges in the interpretation of combined lidar and surface 

surveys.

outside the ploughzone: examples from the besançon survey

Field clearance in the Forêt de Chailluz
The Forêt de Chailluz is 1,673 ha in its present-day extent. Systematic inspection of the lidar data shows 

that evidence of clearance and the establishment of field systems is concentrated in a 400 ha area in its 

northwest corner (fig.4). While this area is well within the modern and medieval forest and is now very 

much outside the ploughzone, it probably once formed part of the agricultural landscape. Through study-

Figure 4. Areas with concentrations of stone piles and 
the remains of stone, rock-cut, or ditch and mound 
field boundaries in the forest are outlined in red. Almost 
a quarter of the modern forest contains evidence of 
organised field systems predating the current, and long 
established, system of parcels. Image: R. Opitz, C. Fruchart, 
Lieppec / MSHE C.N. Ledoux. See also the full colour section in 
this book
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ing the evidence for clearance, we pursue a more detailed understanding of the changing character and 

shifting boundaries of the forest. 

	 The lidar model reveals evidence for several phases of activity in the north-west area, including 

at least three separate field systems (fig.5). One extensive field system is characterised by a combination 

of broad, linear concentrations of regular width formed by seemingly unworked or heavily eroded stones 

and natural topographic features, possibly recut for emphasis, to define individual fields. A second dis-

tinct system has smaller, discontinuous fields bounded by narrow, linear earth and stone mounds. A third 

has a regular grid of long, narrow fields. Stone piles of various constructions, sizes and distributions ap-

pear throughout the field systems, and occasionally outside of them. This diversity suggests several dis-

tinct phases of activity, and clearance for different purposes. Field boundaries and stone piles are much 

less common in the rest of the forest, except for one small area close to the village of Braillans, which 

probably corresponds to activity surrounding that village. The absence of features representing clearance 

in the central part of the forest suggests that this area remained wooded.		

	 Outside the forest within a mixed meadow and woodland area, known as L’Ermitage, we find a fos-

silised system of small fields, with further underlying linear field boundaries. The same pattern of small 

fields and occasional underlying linear boundaries can be found in the recently forested Les Vallieres, 

nearby. At this point any link between these areas and the remains in the Forêt de Chailluz is uncertain. 

Figure 5. Traces of at 
least three field systems 
have been identified 
in the north-west 
part of the Forêt de 
Chailluz. (a) Field system 
characterised by broad 
linear boundaries and 
recut bedrock. (b) Field 
system characterised 
by narrow stone and 
earth mounds and small 
fields. (c) Field system 
characterised by long 
narrow fields. (d) Stone 
piles typical of those 
appearing throughout 
the field systems. Image: 
R. Opitz, C. Fruchart, 
Lieppec / MSHE C.N. 
Ledouxa



However, the possibility that the underlying linear boundaries are related to the broad linear field bound-

aries seen in the Forêt de Chailluz, and that they cross the border of the modern forest, is suggested based 

on their size and alignment. The marked difference in their appearances can be explained by the differ-

ences in later land use and preservation conditions inside and outside the forest. Studying these field 

systems through the lidar survey presents remains inside and outside the forest together in a single 

dataset, highlighting possible links and alignments across land use zones.

Habitation in the forêt de chailluz
Within the north-west area, the lidar survey has also revealed the remains of a collection of buildings, 

paths, associated enclosures and other features, shown in Figure 6. Concentrations of stone mounds in 

this area, if they belong to the same phase as the buildings, may represent either burial monuments or 

field clearance. These features, originally identified in the lidar model, were further characterised on 

the basis of fieldwalking evidence and are interpreted as delimiting buildings and enclosures. Identifi-

cations of the buildings were made on the basis of findings of numerous nails and metal objects, small 

quantities of ceramics retrieved through test pitting, and areas of rich dark earth, distinct from the typi-

cal clay soils in this area.

	 The chronology of these buildings and enclosures has not yet been established, and will likely re-

quire excavation and scientific dating. Based on the present evidence we can draw a few preliminary con-

clusions. This group of structures is cut by the pre-17th-century Chatillon-Besançon border trench (fig. 

7). Further, these buildings and enclosures can be supposed to pre-date the 14th century as they are not 

mentioned in historical texts or maps, which provide fairly detailed records from the middle of the 14th 

century. The metal-detected and surface ceramic finds within these features suggest activity here in the 

late La Tene or Gallo-Roman period. Many of the lime kilns in this area cut the field boundaries and enclo-

sures, and are probably later. These features are probably prior to the 17th century, as from that period the 

area was reserved for the supply of wood for buildings, as attested by archival evidence and a mid-18th-

century map. 

Figure 6. The buildings and enclosures shown here appear to belong to a separate 
phase than the extensive field system characterised by broad linear mounds. 
Surface and metal detecting finds suggest a late La Tene or Gallo-Roman date for 
these features. The main enclosures are indicated by arrows. Image: R. Opitz, Lieppec 
/ MSHE C.N. Ledoux

Figure 7. A limekiln (a) cuts a field boundary 
(b) which in turn cuts the remains of 
a building (c) in Bois de la Lave, in the 
northwest part of the Forêt de Chailluz. 
This type of series of features can be used to 
establish relative dates. Image: R. Opitz , C. 
Fruchart, Lieppec / MSHE C.N. Ledoux
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The possible presence of settlement in this area during the late La Tene or Gallo-Roman period, indicating 

the forest had been cleared (or not yet developed) at this time, would fit well with larger regional trends. 

This group of buildings can be compared with two other groups of small buildings from the local area, 

one excavated during the construction of the LGV (the new high-speed railway line) (Goy 2009) and dat-

ing to the Gallo-Roman period and the other with extensive Gallo-Roman surface finds, interpreted as a 

sanctuary or temple. The sites are located respectively 3.5 and 1.5 km further north along the road leaving 

Besançon for the north-west. Taken together, these sites begin to form a picture of suburban residences 

and religious sites along the main road outside an important town. 

Focus on special purpose sites: limekilns, small quarries, clay pits and charcoal burning platforms
In addition to the buildings and field systems described above, that seem to indicate settlement and agri-

cultural or pastoral activity within what is now forest, the lidar survey provides evidence for other eco-

nomic activities which are likely to have been carried out in or near a forested environment. Notably, a 

large number of limekilns, quarries, charcoal burning platforms and claypits have been recorded. These 

features seem to broadly follow two organisational schemes. In one, a single feature of each type appears, 

creating a set of features that would allow the complete process of lime production to take place in a sin-

gle locale. This ‘feature set’ arrangement is frequently found inside dolines, the broad natural basins typi-

cal of karstic terrain and found throughout the forest (fig. 8). In this process we can suppose that stone is 

cut from the side of the doline and broken into small pieces. The kiln is constructed, partly dug into the 

sloping ground. Clay to cover the layers of burning stone is dug just opposite the kiln, creating a depres-

sion which may also be used to store water. A space is cleared and levelled and wood is burned to create 

charcoal as a parallel activity, or to fuel the kiln. 

Figure 8. The ‘feature set’ of limekiln, quarry, claypit 
and charcoal burning platform, grouped together 
inside a doline, occurs frequently in the Forêt de 
Chailluz. a: limekiln; b: claypit; c: charcoal burning 
platform; d: quarry. Image: R. Opitz, C. Fruchart, 
Lieppec / MSHE C.N. Ledoux. See also the full colour 
section in this book
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While there is a remarkable concentration of ‘feature sets’ in the Bois de la Lave in the north-west part of 

the Chailluz forest and another concentration in its centre, there does not appear to be any internal or-

ganisation of the groups of features. Based on their shape and small size (4-5m), the kilns were probably 

built for one-time use, individual-scale production. This differs from what has been observed in Forêt de 

Haye (Lorraine, France) or in Karst (Slovenia), where bigger kilns with a different shape were more likely 

dedicated to production for the whole community (personal communication with M. Leroy, A. Marsetic). 

The dense concentration of kilns suggests the sporadic or continuous use of this area for lime production, 

possibly over a long period. The unorganised yet concentrated character of the distribution may point to 

a combination of collective rules or practices and individual actions. 

	 The clearly organised pattern of many of the charcoal platforms, and their distinctive half-cut half-

built construction, using semi-circular dry-stone walls used to create small terraces on the hillslope, in-

dicates a strong collective framework which organised production, possibly linked to the management of 

the forest. The regularity of the structures and their distribution suggests a short period for this activity, 

and may point to regional production (see Beyrie et al. 2003 for a metallurgy example), rather than purely 

local industry. Further archival and field research is needed to provide confirmation for these interpreta-

tions.

	 The limekilns and charcoal platforms represent a substantial effort invested in non-agricultural 

production over an extended period or several discrete periods. The forest, which could easily remain 

largely blank on a survey-based map, is shown through the lidar survey to be an important production 

zone. This example illustrates that activities in the forest need to be understood to create a complete pic-

ture of the rural economy around Besançon. 

challenges in integration and interpretation

Systematic fieldwalking surveys have had a major impact on how we study the rural world (For an over-

view, see Ammerman 1981; Cherry 1983, 2003; Banning 2002; Athanassopoulos & Wandsnider 2004.) To 

analyse and interpret the findings from lidar surveys in the context of broader research on landscape 

change or regional development, they must be integrated with fieldwalking survey data. Perhaps a use-

ful analogy for how this might be accomplished is the integration of off-site material within archaeologi-

cal surveys and regional studies. Like records of manuring scatters, lidar survey provides data for areas 

that were previously empty and for non-habitation aspects of past landscapes. One way of integrating the 

two at the analytical level is the treatment of the different types of evidence as related distributions (e.g. 

Bertoncello & Nuninger 2010; Poirier et al. 2008), or the evidence could be combined during the final in-

terpretation. However, there are two basic problems specific to the integration of lidar survey: first, the 

absence of good chronological information for many features detected through the lidar survey and 

second, the lack of overlap between lidar and fieldwalking survey distributions.

Chronologically-challenged features
While the data from the lidar survey permits the study of the overall intensity of the use of ‘marginal’ 

areas for various activities, a detailed chronology must be established for these features to truly integrate 

the results of lidar and fieldwalking surveys. While it is possible to study in some detail the purpose of 
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these features, based on close observation of their forms and comparison with excavated or otherwise 

well known examples, lidar models have a somewhat difficult relationship with chronology. As with 

any remote sensing or cartographic method, we can build relative chronologies based on the superposi-

tion of features, such as the lime kiln cut into a field boundary which in turn cuts the remains of a build-

ing, shown in Figure 7. The current fieldwork campaign combines surface prospection, GPS mapping, 

metal detection and test pitting, targeting locations where features have been identified in the lidar 

model. Experience shows that most features have few or no reliably datable surface ceramic or metal re-

mains, so to obtain absolute dates further test trenching or coring and absolute dating are needed. An ex-

ploratory project has been established to date several lime kilns, using C14, in order to estimate a terminus 

post quem for the otherwise difficult to date structures cut by the kilns. 

	  Despite difficulties in establishing a strong chronology for individual features in the Forêt de Chail-

luz, it has been possible to identify some broad trends based on spatial distributions, overlaps and rela-

tive positioning. For now, based on the relative chronology established by superimposed features and the 

limited dating evidence available, this local landscape can be studied within the overall picture, analys-

ing relationships (proximity, accessibility, purpose) of features to the antique and medieval agglomera-

tions, the existing road networks and religious landscapes. However, to integrate features found through 

lidar into phase-by-phase distributions widely used to interpret survey data at the micro-regional and 

regional scales, dates for individual features must be established.

Mutually exclusive distributions
We have noted that lidar data is almost inversely biased to fieldwalking data – it performs best outside 

the ploughzone (fig. 9). At the same time, lidar survey reveals a very different collection of features from 

those usually produced by fieldwalking survey; many lime kilns, quarries for stone and lime, charcoal 

burning platforms, field boundaries, drainage ditches and terraces (fig. 10) have been found. 

Figure 9. Earthworks in the ploughzone (left), while still visible, have been substantially flattened 
and details of the feature are not clear. Contrast this with the details visible in the well preserved 
remains in the forest (right). Image: R. Opitz, Lieppec / MSHE C.N. Ledoux



406  ·  landscape archaeology between art and science

The identification of a wide variety of feature types recalls a point raised by Alcock and Rempel (2006): 

How does (and perhaps more importantly, how should) survey archaeology deal with sites and features 

that do not fall nicely into a settlement-centric classification – the ‘special-purpose sites’ and practices 

other than habitation – the Laconia Survey’s (Cavanagh et al. 2002) ‘other forms of human activity’? In 

their case there are not enough of these sites to develop strong spatial or chronological trends, but their 

presence undeniably adds texture to the landscape and they provide an impetus for thinking beyond 

spacio-chronological trends. They conclude that work on these sites, the ‘wells, threshing floors, buri-

al mounds, kilns, bridges, mills, knapping debris, drainage ditches, pathways, caves, quarries, terraces, 

Figure 10. Examples of the appearance of common types of features 
identified through the LiDAR survey. None of these feature classes are 
common in survey datasets based on fieldwalking. This poses certain 
complications in terms of integration and comparison. a: charcoal 
burning platform, b: limekiln; c: limestone quarry; d: gypsum or slate 
quarry; e: viniculture terraces; f: field clearance cairns; g: field boundary. 
Image: R. Opitz, Lieppec / MSHE C.N. Ledoux. 
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shrines and dumps,’ (Alcock & Rempel 2006, 42) is both worthwhile and necessary as, ‘without the nu-

ance they provide, the questions we can ask of our regional data become unnecessarily limited, reverting 

largely to the purely economic, the demographic, the functional,’ (Alcock & Rempel 2006, 42). 

	 The preliminary results of the Besançon survey show that lidar effectively resolves the problem of 

not having enough data on some types of special-purpose sites. Rapid detection provides an abundance 

of evidence, allowing us to consider the distribution of these features on the micro-regional scale. The 

result is a more nuanced understanding of the use of the landscape and of micro-regional development. 

In future work, there is the potential to include these features in spatial analyses, for example estimating 

the overall intensity of the use of marginal zones (as illustrated in Georges-Leroy et al. 2008b; Poirier et 

al. 2008). 

	 In spite of the difficulties of integration, the development of survey-style distributions of sites and 

features outside the ploughzone will have a significant, enriching impact on our knowledge and under-

standing of the rural world as a whole. Beyond adding many new sites and features to the record and pop-

ulating previously empty landscape zones, the lidar model can be used to explore and strengthen links 

between feature, site, distribution and landscape by taking advantage of the spatial continuity of the data 

to work across multiple scales, an approach we introduce in the next section.

measured and experienced scales

A tension exists between theoretical conceptualisations of scale and the treatment of scale within GIS-

based spatial analyses (Gaffney & Gaffney 2006; Lock 2009; Kvamme 1999). GIS tend to be used, perhaps 

because of their database quality, to work on large-scale trends and patterns, such as site distributions and 

the changing impact of geology or slope as seen over large areas (e.g. Ebert et al. 1996; Allen et al. 1990; 

Boos et al. 2007). On the other hand, the lived or experienced scale (as conceived in the phenomenologi-

cal sense, e.g. Tilley 1994; David & Thomas 2008; Ashmore & Knapp 1999) at which people encounter 

the landscape is of great interest to those invested in individual behaviours, and should not be neglected. 

Bringing the two together, being multiscale, is easier said than done. To explore how very high resolution 

topographic models derived from lidar might contribute to modelling this relationship we return to the 

example of lime production.

 	 People working at lime burning sometimes took advantage of the sides of the dolines, treating them 

as open-faced quarries for easy stone extraction, siting the kiln conveniently in the base of the doline. The 

location in the landscape for any particular kiln may, on the larger scale, have been chosen to be close to 

a number of other kilns. Following this decision this kiln becomes part of the process of the creation of a 

cluster, making the area more attractive for future lime production. It is both the result of and a partici-

pant in the process of creating the final pattern. The landscape becomes characterised in part by the sites 

it attracted.

	  On another scale, being inside the doline simultaneously takes advantage of and reshapes the natu-

ral physical form of the depression. The quarrying, as it provides stone for the kiln, reinforces the steep-

sidedness of the doline. The quarrying generally follows the natural contours of the doline, although 

some squaring off occurs. The form of the doline today is both the attractor for as well as the result of 

these activities. 
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This tight-knit connection between feature and context on several scales is partly because when looking 

at lidar, one naturally moves across scales, closely inspecting the physical form of a feature, trying to 

characterise it, zooming out to look at it from a distance, seeing it together with other features, looking 

at how it fits with or seems to have altered the terrain. The process is one of simultaneously examining 

linked displays showing the site and its context in plan, usually as a hillshaded dtm, at a 3D point cloud 

(fig. 11), and at statistical graphs, adding or removing layers, trying different visualisations to gain an 

overall understanding of how the place works. In this way, exploiting the connection across scales and 

visualisations can play an important role in the exploitation and interpretation of the terrain models cre-

ated with lidar data. 

Figure 11. Multiple 
visualisations of the same 
data are used to explore 
relationships between 
feature, site, landscape and 
distribution. (a) Air photo 
of the forested location of 
the limekiln. (b) Hillshaded 
DTM of the limekiln. (c) 
Photo of the remains of 
the limekiln taken from 
about 4M away. (d) Yellow 
dots show the distribution 
of lime kilns in the local 
area. (e) The limekiln’s 
appearance in the point 
cloud, with points coloured 
by elevation. (f) A profile 
section through a limekiln 
situated in the bottom of 
a doline. Image: R. Opitz, C. 
Fruchart, Lieppec / MSHE C.N. 
Ledoux. See also the full colour 
section in this book
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conclusions: lidar as contextual topography

Topographic data, increasingly acquired in great detail and over large areas through lidar survey, can 

and should be more than just another source of new sites and features or an environmental backdrop. 

Working with these massive topographic datasets gives us an opportunity to rethink our approach to the 

rural landscape, taking into account more diverse areas and activities. The Besançon surveys have shown 

lidar and fieldwalking to be both interdependent and complementary. The lidar survey is also essen-

tial as a source of data on the micro-regional scale for forested or otherwise ‘marginal’ parts of the land-

scape. The broader implication of having lidar data, if it can be well integrated with (micro-) regional 

surveys, is that it can help bridge the gaps between historical descriptions of the rural world, especially 

the rural economy, which include a wide range of ‘special-purpose sites’ and what is commonly found 

through fieldwalking surveys or through rescue excavation. (For contrasting perspectives see among oth-

ers Brun 2005; Greene 1991, especially chapter 5; Snodgrass 1991; Witcher 2006; Duncan-Jones 1990; Ke-

hoe 2007.) It also encourages us to work flexibly across scales, thinking continually about sites and their 

surroundings together. 

	 Thinking across scales, linking an individual feature to a distribution or group of features to long-

term changes in the form of the landscape leverages the fluidity of scale and uniformity of the data we 

have in lidar-based terrain models, leading to a more contextualising approach. Hyper-realistic model-

ling, employing the level of detail and flexibility of visualisation provided through lidar models, may 

be the crux between the statistical and computational, database-centric world of GIS-based analyses, 

and the experiential, lived-scale, phenomenological approaches to landscape (as suggested by Gaffney & 

Gaffney 2006, and by the work of Gillings & Goodrick 1996; Gillings 2004; and esp. Cripps, Earl & Wheat-

ley 2006). If so, lidar data may play an important role by providing lived-scale data across landscape-

scale areas, and the means to move fluidly between these scales. 

references

Alcock, S. & Rempel, J. 2006.The More Unusual Dots on the Map: ‘Special-Purpose’ Sites and the Texture of 
Landscape. In P. Guldager Bilde & V. Stolba (eds.), Surveying the Greek Chora. The Black Sea Region in a Compara-
tive Perspective, BSS 4, 27-46. Aarhus, Aarhus University Press.

Allen, K., Green, S. & Zubrow, E. (eds.) 1990. Interpreting Space: GIS and Archaeology. London, Taylor and Francis.
Anschuetz, K., Wilshusen, R. & Scheick, C. 2001. An Archaeology of Landscapes: Perspectives and Directions. Journal 

of Archaeological Research 9 (2), 157-211.
Ashmore, W. & Knapp, B. (eds.) 1999. Archaeologies of Landscape: Contemporary Perspectives. Maldenn, MA, Blackwell.
Athanassopoulos, E. & Wandsnider, L. 2004. Mediterranean Landscape Archaeology Past and Present. In E. Atha-

nassopoulos & L. Wandsnider (eds.), Mediterranean archaeological landscapes. Current issues, 1-14. Philadelphia, 
University Museum of Pennsylvania.

Banning, E. 2002. Archaeological Survey. New York, Kluwer.
Benton, R. 2001. Mediterranean Myopia. Antiquity 75 (289), 627–629. 
Bertoncello, F. & Nuninger, L. in press. From archeological sherds to qualitative information for settlement pattern 

studies. In Beyond the artifact, digital interpretation of the past. Proceedings of the CAA Conference 2004, Prato, 13-17 
Feb. 2004, xx-xx. 



410  ·  landscape archaeology between art and science

Bintliff, J. 1994. The History of the Greek Countryside: As the Wave Breaks. Prospects for Future Research. Structures 
Rurales et Societes Antiques, Annales littéraires de l’Université de Besançon 126, 7-15.

Bintliff, J. & Kuna, M. (eds.) 2000. The Future of Archaeological Field Survey in Europe. Sheffield, Sheffield Academic 
Press.

Bintliff, J., Howard, P. & Snodgrass, A. 2007. Testing the Hinterland: The Work of the Boeotia Survey (1989-1991) in the 
Southern Approaches to the City of Thespiai. Cambridge, McDonald Institute Monographs.

Bommeljé, S. & Doorn, P. (eds.) 1987. Aetolia and the Actolians. Utrecht, Parnassus Press.
Boos, S., Hornung, S. Jung, P., & Muller, U. 2007. GIS as a tool for processing hybrid prospection data in landscape 

archaeology. International Journal of Humanities and Arts Computing 1 (2), 137-149.
Boyer, O., Favory, F. & Tourneux F.P. 2003. Morphologie agraire et réseaux d’établissements: de l’analyse relationnelle 

à la définition de liens. L’exemple de la Vaunage gallo-romaine. In F. Favory & A. Vignot (eds.), Actualités de la 
recherche en Histoire et Archéologie agraires, Actes du Colloque AGER V, 19-20 septembre 2000 à Besançon, 325-337. 
Besançon, Presses Universitaires Franc-Comtoises.

Brun J.-P. 2005. Archéologie du vin et de l’huile en Gaule romaine. Paris, Errance.
Cambi, F. 2000. Quando i campi hanno pochi significati da estrarre: visibilità archeologica, storia istituzionale, multi-

stage work. In R. Francovich, H. Patterson & G. Barker (eds.), Extracting meaning from ploughsoil assemblages, 
72-76. Oxford, Oxbow Books.

Cavanagh, W., Crouwel, J., Catling, R. & Shipley, G. 2002. Continuity and Change in a Greek Rural Landscape: The Laconia 
Survey. Vol. 1: Results and Interpretation. London, British School at Athens.

Cherry, J. 1983. Frogs round the Pond: Perspectives on Current Archaeological Survey Projects in the Mediterranean 
Region. In D. Keller & D. Rupp (eds.), Archaeological Survey in the Mediterranean Area , 375-416. British Archaeo-
logical Reports International Series 155. Oxford, ArchaeoPress.

Cherry, J. 2003. Archaeology beyond the site: regional survey and its future. In J. Papadopoulos & R. Leventhal (eds.), 
Theory and Practice in Mediterranean Archaeology: Old World and New World Perspectives, 137-160. Los Angeles, 
Cotsen Institute, University of California at Los Angeles.

Corns, A. & Shaw, R. 2009. High resolution 3-dimensional documentation of archaeological monuments & land-
scapes using airborne LiDAR. Journal of Cultural Heritage 10 (1), 72-77.

Cripps, P., Earl, G. & Wheatley, D. 2006. A dwelling place in bits. Journal of Iberian Archaeology 8, 25-39.
Crutchely, S. 2009. Ancient and modern: Combining different remote sensing techniques to interpret historic land-

scapes. Journal of Cultural Heritage 10 (1), 65-71.
David, B. & Thomas, J. (eds.) 2008. Handbook of Landscape Archaeology. World Archaeological Congress Research 

Handbooks in Archaeology. Walnut Creek, Left Coast Press.
Devereux, B.J. et al. 2005. The potential of airborne LiDAR for detection of archaeological features under woodland 

canopies. Antiquity 79 (305), 648-660.
Doyen, B. Decocq, G. & Thuillier, P. 2004. Archéologie des milieux boisés en Picardie. Revue archéologique de Picardie 1 

(1), 149-164.
Duncan-Jones, R. 1990. Structure and Scale in the Roman Economy. Cambridge, Cambridge University Press.
Dupouey, J.-L., Dambrine, E., Dardignac , C. & Georges-Leroy, M. (eds.) 2007. La mémoire des forêts. Actes du colloque 

Forêt, Archéologie et Environnement. 14 au 16 décembre 2004. Paris, ONF – INRA – DRAC de Lorraine.
Ebert, J.I., Camilli, E.L. & Berman, M.J. 1996. GIS in the analysis of distributional archaeological data. In H. Maschner 

(ed.), New Methods, Old Problems: Geographic Information Systems in Modern Archaeological Research, 25-37. 
Occassional Paper 23. Carbondale, Southern Illinois University Press.

Favory, F. 1988. Le site de Lattes et son environnement (France, Hérault), d’après les images aériennes et les 
documents planimétriques. In Mélanges d’Histoire et d’Archéologie lattoise, 15-56. Lattara, 1. Lattes, Association 
pour la recherche archéologique en Languedoc oriental.

Gaffney, C. & Gaffney, V. 2006. No further territorial demands: on the importance of scale and visualisation within 
archaeological remote sensing. In From Artefacts to Anomalies: Papers inspired by the contribution of Arnold 
Aspinall. University of Bradford 1-2 December 2006. Available from http://www.brad.ac.uk/archsci/conferences/
aspinall/ and http://www.brad.ac.uk/archsci/conferences/aspinall/presentations/Gaffney&Gaffney.pdf.



5.7	 thinking topographically about the landscape around besançon (doubs, france)  ·  411

Gaffney, V., Thomson, K. & Fitch, S. 2007. Mapping Doggerland: The Mesolithic landscapes of the Southern North Sea. 
Oxford, ArchaeoPress.

Georges-Leroy, M., Bock, J., Dambrine, E., Dupouey, J.-L. 2008a. L’apport du laser scanneur aéroporté à l’étude des 
parcellaires gallo-romains du massif forestier de Haye (Meurthe-et-Moselle). AGER 18, 8-11.

Georges-Leroy, M., Tolle, F. & Nouvel, P. 2008b. Analysis of the intensity of agrarian exploitation by spatial analysis of 
ancient field systems preserved by forest cover. In A. Poluschny, K. Lambers & I. Herzog (eds.), Layers of percep-
tion. Proceedings of the 35th International Conference on Computer Applications and Quantitative Methods in Archae-
ology (CAA). Berlin, Germany, April 2-6, 2007, 281 and on CD-Rom. Bonn, Habelt.

Gillings, M. & Goodrick, G. T. 1996. Sensuous and Reflexive GIS: Exploring Visualisation and VRML. Internet Archae-
ology 1. http://intarch.ac.uk/journal/issue1/gillings_index.html.

Gillings, M. 2004. The Real, the Virtually Real and the Hyperreal: The Role of VR in Archaeology. In S. Moser and S. 
Smiles (eds.), Envisioning the Past, 223-239. Oxford, Blackwell.

Goy, C. 2009. Geneuille (Doubs) Un petit établissement rural de l’Antiquité in Archéologie en Franche-Comté. In 
DRAC (ed.), Fouilles archéologiques de la LGV Rhin-Rhône: les résultats . Besançon, DRAC.

Greene, K. 1991. The Archaeology of the Roman Economy. Berkeley/Los Angeles, University of California Press.
Kantner, J. 2008. The Archaeology of Regions: From Discrete Analytical Toolkit to Ubiquitous Spatial Perspective. 

Journal of Archaeological Research 16, 37-81.
Kehoe, D. 2007. Law and the Rural Economy in the Roman Empire. Ann Arbor, University of Michigan Press.
Kvamme, K. 1999. Recent directions and developments in geographical information systems. Journal of Archaeological 

Research 7, 153-201.
Lock, G. 2009. Archaeological computing then and now: theory and practice, intentions and tensions. Archeologia e 

Calcolatori 20, 75-84.
Nuninger, L. 2003. Exploitation et spatialisation des indices protohistoriques épars en Vaunage (Gard), VIIème-Ier 

siècles av. J.-C. In F. Favory & A. Vignot (eds.), Actualité de la recherche en Histoire et Archéologie agraires. Actes du 
colloque AGER V (Besançon 2003), 365–375. Besançon, PUFC. 

Nuninger, L., Bertoncello, F., Fovet, E., Gandini, C. & Trément, F. 2008. The spatio-temporal dynamics of settlement 
patterns from 800 BC to 800 AD, in Central and Southern Gaul, in 7 millennia of territorial dynamics : settlement 
pattern, production and trades from Neolithic to Middle Ages: closing colloquium of The ArchaeDyn program (‘Spatial 
dynamics of settlement patterns and natural resources: towards an integrated analysis over a long term, from Prehis-
tory to the Middle Ages’). Dijon, France.

Pautrat, Y. 2003. Archéologie en forêt: Un patrimoine peu à peu exploré. Les Dossiers d’archéologie 284, 18-23.
Poirier, N., Georges-Leroy, M., Tolle, F., & Fovet, E. 2008. “The time-space dynamics of agricultural areas from 

Antiquity to Modern times.” In 7 millenia of territorial dynamics: settlement pattern, production and trades from 
Neolithic to Middle Ages, ARCHAEDYN ACI “Spaces and territories” 2005-2007 Final conference - Dijon, 23-25 June 
2008, pre-proceedings, edited by C. Gandini, F. Favory and L. Nuninger, 81-94.

Riera, S., Palet, J.M., Ejarque, A., Orengo, H. Miras, Y. Euba, I. & Julià, R. 2010. The Long-Term Shaping of a High 
Mountain Cultural Landdscape in the Eastern Pyrenees (Madriu-Perafita-Claror Valleys, Andorra and Cadì 
range, Catalonia): an Integrated Research Program. Oral Presentation: Landscape Archaeological Conference 
LAC2010, 26-29 January 2010, Amsterdam.

Risbøl O., Gjertsen A. & Skare K. 2006. Airborne laser scanning of cultural remains in forests: some preliminary 
results from a Norwegian project. In S. Campana & M. Forte (eds.), From Space to Place. 2nd International Confer-
ence on Remote Sensing in Archaeology, edited by , 107-112. BAR International Series 1568. Oxford, Archaeopress.

Sittler, B. 2004. Revealing historical landscapes by using airborne laser scanning. A 3-D model of ridge and furrow in 
forests near Rastatt (Germany). International Archives of Photogrammetry. ISPRS 26, 258-261.

Sittler, B., Weinacker, H., Gütlinger, M. & Koupaliantz, L. 2007. The potential of LiDAR assessing elements of cultural 
hidden under forests. In Z. Bochenek (ed.), New Developments in Remote Sensing, 539-548. Rotterdam, Millpress.

Snodgrass, A. 1991. The Place and Role of the Annales School in the Approach to the Roman Rural Economy. In J. 
Bintliff (ed.), The Annales School and Archaeology, 77-103. Leicester, Leicester University Press.

Tilley, C. 1994. A Phenomenology of Landscape. Paths, Places, Monuments. Oxford, Berg.



412  ·  landscape archaeology between art and science

Walsh, K. & Richer, S. 2006. Attitudes to altitude: changing meanings and perceptions within a ‘marginal’ Alpine 
landscape – the integration of palaeoecological and archaeological data in a high altitude landscape in the 
French Alps. World Archaeology 38 (3), 436-454.

Walsh, K., Mocci, F., S. Richer, M. Court-Picon, B. Talon, S. Tzortzis, J. M. Palet-Martinez & C. Bressy 2009. Archéol-
ogie et paléoenvironnement dans les Alpes méridionales françaises. Hauts massifs de l’’Argentiérois, du 
Champsaur et de l’Ubaye (Hautes-Alpes et Alpes de Haute Provence) (Néolithique final – début de l’Antiquité). 
Cahiers de Paléoenvironnement 6, 235-254.

Witcher, R.E. 2006. Agrarian spaces in Roman Italy: society, economy and Mediterranean agriculture. Arqueología 
espacial (Paisajes agrarios) 26, 341-359.

Wilkinson, T.J. 1994. The Structure and Dynamics of Dry-Farming States in Upper Mesopotamia. Current Anthropology 
35, 483-520.

Wilkinson, T.J. 2004. Off-site archaeology in the area of Mashkan-Shapir. In E. Stone & P. Zimansky (eds.), The 
Anatomy of a Mesopotamian City: Surveys and Soundings at Mashkan-shapir, 402-415.Winona Lake, IN, Eisen-
brauns.


