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Abstract. This paper focuses on the potential of the latest generation of Airborne laser scanning (ALS) for the detection and the spatial characterization of microtopographic
relief linked to ancient landscapes and palaeoenvironmental features. ALS is an optical measurement technique for
obtaining high-precision information about the Earth’s surface including basic terrain mapping (Digital terrain model,
bathymetry, corridor mapping), vegetation cover (forest assessment and inventory), coastal, and urban areas. Recent
studies examined the possibility of using ALS in archaeological investigations to identify earthworks, although the ability
of ALS measurements in this context has not yet been studied
in detail.
In this study, the investigations based on ALS survey and
aerial photos were carried out for the natural protected area,
Bosco dell’Incoronata in the Apulia Region (Southern Italy).
The investigated area is an important site from the naturalistic, historic and archaeological point of view. It is an ancient
lowland forest, still present in the medieval time, which has
been characterized by a long and intensive human activity
from Neolithic to Middle Ages. The LiDAR based analysis allowed us to identify features not visible from ground
or from optical data set because hidden by forest canopy
and dense understory. The DTM enabled us to identify
some microtopographic relief linked to traces of past landscapes, as in the case of the Cervaro paleaoriverbed. It is
quite interesting to note that the river changed many times
from North to South side compared to the present stream,
and traces of past human activities can be still evident close
to the diverse paleaoriverbeds. Nevertheless, intensive and
systematic study of the ancient landscapes of the Bosco
dell’Incoronata is just beginning and so far questions tend
to be raised rather than answered.
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The current study emphasizes the potential of aerial LiDAR (Light Detection And Ranging) survey for detecting
surface discontinuities and microtopographic relief linked to
palaeoenvironmental features, even hidden by under dense
canopy and understory.

1

Introduction

Space and airborne remote sensing based on active and passive sensors can be fruitfully used for archaeological and
paleaoenvironmetal studies to search larger areas, to obtain
accurate quantitative information on ancient landscape and
to detect archaeological features in a more rapid manner
compared to traditional survey techniques (Lasaponara and
Masini, 2005, 2006, 2008; Giardino, 2008).
In particular, the advent of LiDAR technologies generally
known as ALS has completely revolutionized the area of topographic surveying and offers new data sources for a variety of promising applications, among them landscape studies
and archaeological investigations (Lasaponara et al., 2009;
Lasaponara et al., 2010) to depict micro-topographic earthworks in vegetated and non-vegetated areas.
ALS (Airborne Laser Scanning) is an active remote sensing technology, based on laser pulses, which measures properties of scattered light to find range and/or other information
of a distant target. The range to an object is determined by
measuring the time delay between transmission of a pulse
and detection of the reflected signal.
ALS can be mounted onboard an airplane or helicopter.
The acquisition system consists of the following individual
components: (i) laser ranging device, (ii) Inertial Measuring
Unit (IMU), (iii) onboard Global Positioning System (GPS)
positioning device, (iv) ground GPS data acquisition at the
same time as the LiDAR survey, (v) Digital Camera (Optional). While each of these components are operating independently, the integration of all of them that allows us
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to obtain measurements with a high level of accuracy. The
LiDAR technology exceeds other methods such as stereophotogrammetry or interferometric SAR particularly in vegetated areas due to the direct determination of elevation and
the penetration capabilities of the laser beam through gaps in
vegetation.
Through its efficient data sampling capabilities ALS has
completely revolutionized the area of bathymetric and topographic surveying, corridor mapping and coastal and urban
area monitoring. ALS data are used in land cover classification, to estimate forest tree height, to assess seasonal canopy
differences, to obtain forest inventories. The applications of
ALS have been increasing rapidly over recent years. Recent studies have examined the possibility of using LIDAR
in the management of archaeological monuments (Barnes,
2003), landscape studies and archaeological investigations to
depict micro-topographic earthworks in non-forested (Shell
and Roughley 2004; Challis 2006; Corns and Shaw 2008)
and forested areas (Devereux et al., 2005; Crutchley 2008;
Doneus et al., 2008).
The latest generation of ALS, now available, is the FullWaveform (FW) scanner which offers improved capabilities
especially in areas with complex morphology and/or dense
vegetation cover. Nowadays investigations based on the latest generation of ALS are still quite rare, the majority of published studies are based on data collected by conventional
ALS.
In this paper we present the results obtained from the analysis of FW-ASL survey for the natural protected area, Bosco
dell’Incoronata in the Apulia Region (Southern Italy). It is
an ancient lowland forest, still present in the medieval time,
which has been characterized by a long and intensive human activity from Neolithic to Middle Ages. The LiDAR
based analysis allowed us to identify features linked to ancient landscapes not visible from ground or from aerial photos because hidden by dense forest canopy and understory.

2
2.1

LiDAR data processing
DTM extraction

The workflow for processing airborne laser data (LiDAR)
and airborne images may be divided into five major steps:
(i) initial setup and data calibration, (ii) classifying points,
(iii) processing images, (iv) validating positioning, and (v)
creating delivery products.
The initial setup involves importing all the necessary raw
data into the processing software, applying coordinate transformations and calibration, which is based on the comparison
of the laser data produced by different flight passes which
overlap each other.
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Figure 1: workflow for DSM and DTM extraction

Fig. 1. Workflow for DSM and DTM extraction.
The initial setup involves importing all the necessary raw data into the processing software,
applying coordinate transformations and calibration, which is based on the comparison of the laser
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relief with an altimetrical resolution around 0.1m. To achieve this level of resolution, it is
Due to its efficient data sampling capabilities, FW-LIDAR
is capable of detecting microtopographic relief with an altimetrical resolution around 0.1 m. To achieve this level of
resolution, it is necessary to process the ALS point cloud
using appropriate numerical filters. For this case study, we
used the Gaussian Pulse Estimation (Shie Qian and Dapang
Chen, 1996) algorithm implemented in the commercial software Terra Scan (Terrasolid, www.terrasolid.fi).
TerraScan classification is based on a parametric approach
and develops according to an orderly sequence of stages decided by an operator (see Fig. 1). In this case study, the classification of laser data was performed using a strategy based
on a set of “filtrations of the filtrate”. Appropriate criteria
for the classification and filtering were set to gradually refine
the intermediate results. The data classification process starts
by including all the point cloud in to a single class, called
the default class, which becomes the reference for the next
processing. The elimination of outliers points is performed
through two classification algorithms: (i) “low point” and (ii)
“isolated points”. The first finds single points or groups of
data produced by different flight passes which overlap each other.
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at which the value of spatial autocorrelation crosses the expected value, indicates the range of the patch size or simply
the spatial range of the pattern.
Classic spatial autocorrelation statistics include a spatial
weights matrix that reflects the intensity of the geographic
relationship between observations in a neighbourhood. Such
spatial weights matrix indicate elements of computations that
are to be included or excluded. In this way it is possible to
define ad hoc weights to extract and emphasize specific pattern. In this study we used the statistics from Local Moran’s
I, Geary’s C, and Getis-Ord Local Gi index (see Anselin,
1995; Getis and Ord, 1992).
The use of classic spatial autocorrelation statistics such as
Moran’s I, Geary’s C, and Getis-Ord Local Gi index enables
the characterization of the spatial autocorrelation within a
user-defined distance. For each index, the output is a new
image which contains a measure of autocorrelation around
the given pixel. In particular:
Figure 2 Examples of multiple returns from Lidar

(i) the Local Moran’s I index identifies pixel clustering.
Positive values imply the presence of a cluster of similar values which means low variability between neighboring pixels, whereas negative values indicate the absence of clustering which means high variability between neighboring pixels.

Fig. 2. Examples of multiple returns from Lidar.
2.2. DTM data processing
DTM was processed using spatial autocorrelation statistics which measure and analyze the degree
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points”, i.e. the lowest point that will define a first ground
surface made up of very large triangles. A triangle of the primary mesh is progressively densified by adding a new vertex
to a point inside it.
The “Classification of points below surface” allows the
identification of points under the surface level, such as wells
or similar. The latest two classifications (v and vi) identify
and classify points according to a given class or heights, respectively. See as an example Fig. 2, which shows the different heights of vegetation cover Finally, the DTM was created
using TerraModeler on the basis of the classification of terrain and off terrain objects performed.
2.2

DTM data processing

DTM was processed using spatial autocorrelation statistics
which measure and analyze the degree of dependency among
features that have clusters of similar or dissimilar values.
Spatial autocorrelation is generally described through
some indices of covariance for a series of lag distances (or
distance classes) from each point. The plot of the given indices against the distance classes is called correlogram, that
illustrates autocorrelation at each lag distance. The distance
www.adv-geosci.net/24/125/2010/

(ii) the Getis-Ord Gi index permits the identification of areas characterized by very high or very low values (hot
spots) compared to those of neighboring pixels,
(iii) the Local Geary’s C index allows us to identify edges
and areas characterized by a high variability between a
pixel value and its neighboring pixels.
All of these indices are available as tools of commercial software for Geographical Information System (GIS) or image
processing such as ENVI.
3

Results

The study area is the natural park of Bosco dell’ Incoronata that has an extension of around 1060 ha, with 162 ha of
woodland (Quercus pubescens) and 115 ha of prairies. The
study area is located 12 km away from Foggia (see Fig. 3)
within the Tavoliere delle Puglie (Southern Italy). The investigated area is an important site from the naturalistic, historical and archaeological point of view. Bosco dell’Incoronata
is an ancient lowland forest that was still present in the medieval time, and has been characterized by a long and intensive human activity probably from Neolithic to Middle
Ages (Mazzei, 2003) as evident from archaeological remains
and historical documentation. As regards to the medieval
time, historical record attests (see for example Huillard and
Bréholles 1859; Caruso, 1952) that Frederick II of Hohenstaufen (26 December 1194–13 December 1250) used to
spend long periods in Foggia, which was a strategic position
Adv. Geosci., 24, 125–132, 2010
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Fig. 3. Location of the study area.

Figure 3 Location of the study area

to reign over a vast territory extended from German to Sicily.
During the Frederick’s kingdom two royal residences, the
“domus pantanii S. Laurencii” (palace of S. Lorenzo lake)
and the “Domus Coronate”, were specifically built or restored for the imperator, both of them were located very close
to Foggia.
They are mentioned in the list of castles and domus needing repairs included in Statutum de reparatione castrorum
(the regulations for repairing the castles), written in 1241–46
(Sthamer, 1914).
The “domus pantanii S. Laurencii” has been widely investigated and excavated, whereas very little is still known
about the domus Coronate which was probably within the
“medieval” forest area of Bosco dell’Incoronata, also known
as the Frederick’s woodland.
In this paper, our investigations have been mainly focused on the identification of traces of ancient landscapes and
paleaoenvironment features in order to improve knowledge
about the transformation of the territory, which is a crucial
point and an invaluable data source for performing detailed
archaeological investigations.
Satellite view and DTM, extracted from LiDAR survey, of
the investigated area are shown in Fig. 4. The satellite picture
shows an intensive agricultural activity with arable lands apAdv. Geosci., 24, 125–132, 2010

pearing everywhere in connection with major post-war land
reforms (around 1950). This modern land use is certainly
similar to the land use designed after the Second World War
(during Fifties). This long and intense agricultural activity,
along with the use of agricultural equipment and machinery
for production, has generally destroyed traces of past landscapes. Nevertheless, subtle microtopographic relief are still
preserved and visible from DTM extracted from the LiDAR
survey following data processing detailed in Sect. 2. Such a
DTM enable us to identify some paleaoriverbeds of the Cervaro river shown in Fig. 4 (bottom) by black arrows (1 to 3)
along with the actual stream of the Cervaro torrential river
enhanced by light blue arrows. It is quite interesting to note
that the river changed many times from North to South side
compared to the present stream. Traces of past human activities may be still evident close to these paleaoriverbeds and
they were identified from DTM mainly in the area within the
lack circles numbered from 1 to 3. Intensive study of the
ancient landscapes of this area of the Tavoliere of Foggia is
only just beginning and so far questions tend to be raised
rather than answered. At this stage of the investigations, it
seems evident that in the circled areas, numbered 1 and 2,
human settlements taken place more probably exploiting the
water closeness and availability. Paleaoriverbed number 1 is
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Figure 4: (up) ortophoto of the study area; (bottom) DTM from LiDAR, rectangle indicates the area
of ortophoto
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less visible that those indicates as 2 and 3 and this may suggest that it is the most ancient. Inside circle number 3, there
are some traces of roman centuriation which were not linked
to the presence of river. Such patterns are probably related to
early Roman times and suggest predominance of cultivation.
Certainly by the end of the Middle Ages, the area was much
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more involved in a highly specialized form of commercial
sheep as evident by the presence of a number of “tratturi”,
recently listed in the Unesco Heritage.
Figure. 5 shows results from spatial autocorrelation statistics, maps from Moran index (upper left), Geary’s (upper
left), Getis (lower left) and RGB of all the three indices. In
Adv. Geosci., 24, 125–132, 2010
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romana e medievale: l’indagine archeologica del 2006 nei siti
di San Lorenzo “in Carminiano” e di Masseria Pantano in Armando Gravina (a cura di), Atti del 27◦ Convegno Nazionale
sulla Preistoria-Protostoria-Storia della Daunia, San Severo 25–
26 Novembre 2006, 91–121, Italy, 2007.
Getis, A. and Ord, J. K.: The analysis of spatial association by use
of distance statistics, Geogr. Anal., 24, 189–206, 1992.
Giardino, M.: NASA activities in the field of Remote sensing of
archaeology in Advances in Remote Sensing for Archaeology
and Cultural Heritage Management, edited by: Lasaponara, R.
and Masini, N., Aracne, Roma, Italy, 103–106, 2008.
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