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This paper  presents  results  from  a study  where  identification  and  documentation  of  geometric  changes
are  examined  from  a weathered  ancient  theatre  using  map  regression  methods.  Specifically,  a  comparison
is  made  between  a  topographic  map  created  in the 1960s  by the German  Archaeological  Institute  and  a
new map  of the  same  area  using  state-of-the-art  geodetic  and  terrestrial  laser  scanning  (TLS) techniques.
eywords:
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The  work  scale  of  the maps  is 1:100  and  can reveal changes  and  deformations  of  relevant  size to  the
scale  of  the  map  (over  1.5  cm).  The  process,  described  in detail,  entails  georeferencing,  planimetric  and
vertical comparison  and  assessment  of  the  changes.  The  study  demonstrates  the  importance  of  detecting
topographic  changes  in cultural  heritage  sites and can  be  applicable  to similar  analyses  over  a range  of
time  periods.

© 2016  Elsevier  Masson  SAS. All  rights  reserved.
. Introduction

The conservation, preservation, and documentation of cultural
eritage landscapes and sites have concerned conservationists, his-
orians, and scientists for many years. The conservation of a cultural
eritage site depends on the materials of which it is composed and
n complex processes such as ageing and environmental effects.
herefore, detecting and quantifying even small-scaled changes in
ultural heritage sites helps further understanding the deteriora-
ion process, particularly in relation to the underlying mechanisms
hich drive their evolution. Considering the large number of cul-

ural heritage sites, the monitoring methods must be reliable and
ccurate and capable of detecting and documenting changes on
arious scales.

Historic changes in cultural heritage sites can be quantified with
eospatial data from a number of techniques depending on the
pplication. These techniques vary from field topographic surveys

o advanced technologies of dense data collection by satellite, air-
orne imagery, laser detection ranging or terrestrial laser scanning
TLS). TLS is a favourable technique allowing complex sites to be
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rapidly surveyed at previously unattainable point densities. It also
provides the resolution and accuracy for cultural heritage applica-
tions requiring detection, characterization, and analysis of changes,
as well as large-scale deformations.

Often, it is possible to use data from historical maps to exam-
ine differences in heritage sites. In maps where accurate historical
topographic data are available, map regression techniques can be
implemented between recent and earlier maps of the same area
to determine changes or to locate past features [1]. Using mod-
ern maps to transcribe or reproject earlier maps can help to locate
these features with contemporary survey controls and techniques.
Map  regression is performed either by comparing individual fea-
tures between maps, or by reprojecting an entire map  so as to fit
another onto which it can then be superimposed. The process can
include resolving any differences in map  scale, projection, datum,
or format; and the interpretation of each map  in its meaning and
accuracy.

In map  regression, the comparison is made planimetrically and
vertically. The most common approach refers to the vertical com-
ponent and such comparisons are performed using digital surface
or elevation models (DEMs). The comparison is performed using
the DEM reconstruction from the historic map  with subsequent

DEMs from recent maps, which produce DEMs of difference. Exam-
ples include change detection in archaeological sites using satellite
imagery data or for predictive archaeological research [2–4]. The
use of DEMS derived from TLS for the detection of changes has
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een reported for landscape archaeology [5], as well as compar-
sons with other historic data in order to extract information about
rchaeological resources and landscape change [6–7].

This paper aims to present a methodology used for detecting
opographic changes for the archaeological site of the Kabeiroi in
hebes, Greece using map  regression by comparing an early topo-
raphic map  of the late 1960s created by the German Archaeological
nstitute [8] with a recent map  created using TLS data. Emphasis
s given on the ancient theatre of the sanctuary. Ancient theatres
ave always appealed more in the preservation and restoration of
istoric monuments, due to the increased interest of countries to
nhance the cultural activity of a region. Often, an ancient theatre
an be used for performances but the usage of an ancient theatre
or such purposes needs to be approached with particular attention
9]. The work presented in the paper is linked to the restoration of
he ancient theatre of the Kabireion sanctuary and involved survey-
ng measurements for the structural documentation of the theatre
o plan and optimize maintenance of the theatre. Over the years,
esearchers have monitored and studied changes in ancient the-
tres and their surrounding sites using either classical surveying
echniques for small scale phenomena, or aerial photogrammetry
or larger ones [10–12]. Related TLS research has expanded substan-
ially, delivering high-resolution elevation models and significantly
mproving the monitoring of degradation processes in ancient the-
tres [13–15].

In this work high accuracy geometric documentation techniques
re used (TLS and geodetic techniques) to create a 3D model and a
opographic map  of the ancient theatre. The comparison to identify
eometric changes is performed planimetrically and vertically. The
eoreferencing and integration of the data is performed within a
eographic information system (GIS) environment. Planimetrically,
he comparison is made through polygons and vertically, through
elected sections of the theatre. Finally, a statistical analysis is given
o identify whether the positional differences of well-identified
bjects in both maps represent real differences and not considered
rtefacts of the old map. The remainder of the paper is structured as
ollows. Some historic notes of the study area are given in section
. Section 3 provides a description of the 1960s topographic maps
nd the present data acquisition using TLS and geodetic techniques
or the documentation of the theatre. The methodological frame-
ork is outlined in section 4, followed by the data processing and

he results for the planimetric and vertical comparison between
he two maps. Also, a statistical analysis is given to assess the dif-
erences within a specified uncertainty. Finally, section 5 gives a
iscussion regarding the obtained results along with concluding
emarks.

. Historical notes on study site

The archaeological site of Kabeirion of Thebes in Greece has been
he target of a number of previous archaeological studies [16]. In
887 the Kabeirion was discovered due to a chance find of bronze
tatuettes. It was exclusively excavated in 1888-9 by the German
rchaeological Institute [17] and the excavation was continued by
runs between 1956 and 1966. A supplementary excavation took
lace in 1971 [8].

The most important monuments of the Kabireion sanctuary are
18]:

the temple: devoted to the gods called Kabeiroi. It is a rectangular
building the oldest remains of which are dated at the 6th century

B.C. onwards. The preserved foundations are from the end of the
4th century B.C. The temple was supplied with pronaos, cella and
a courtyard with two  rectangular sacrificial pits and was enclosed
by a circuit wall;
l Heritage 21 (2016) 860–868 861

• the theatre: built during the hellenistic period (3rd–1st centuries
B.C.) on the same axis as the temple. It had no front scene, but had
10 sectors in the cavea and an altar in the middle of the orchestra.
It was  used for the attendance of religious ceremonies concerning
the initiation of the pilgrims;

• the Stoa: built in the 1st century B.C. and is a long-narrow building
of 40 m length, on the south-east of the theatre;

• circular and elliptical buildings: found everywhere in the sanc-
tuary. They contained sacrificial pits and benches along the walls
for the practices of initiation. The largest one from the end of the
5th century B.C., between the temple and the stoa, was probably
a plain unroofed enclosure wall;

• the circuit wall: before 300 B.C. enclosed the temple and an open-
air area in front of it. In the 2nd century B.C. it extended to the
east in order to include the cavea of the theatre.

Over the years, wild vegetation and the shutdown of the ancient
drainage systems have caused damage while a large part of the
ancient buildings and constructions have been filled in by soil
embankments. To date, following excavation of the area several vis-
ible remains can be seen with the most important being the theatre
and the temple (Fig. 1a).

3. Data

In the following subsections, a presentation of the data (old
topographic data and up-to-date TLS data) collected for the
Kabireion theatre is given.

3.1. Topographic Maps of 1960s

The German cartographic presence in modern Greece started in
the 19th century with its origin in matters of archaeological and
historical interest. Its contribution to the topographic mapping of
several parts of Greece is extremely important [19]. The historic
material that was used in this work involves three maps:

• paper copy of a map at a scale of 1:1000, created in 1966 by von
W. Zick and revised in 1969 by W.  Heyder, showing the Kabeiroi
sanctuary and its environs (Fig. 1b);

• paper copy of a map  at a scale of 1:100, created in 1969 by W.  Hey-
der, showing the Kabeiroi theatre prior any excavations (Fig. 1c);

• paper copy of a map  at a scale of 1:65, created in 1969 by W.
Heyder, providing height levels of the Kabeiroi theatre prior any
excavations (Fig. 1d).

There is no firm information regarding the field surveying tech-
niques that were employed in the creation of the above maps. Based
on the surveying techniques employed at the time, it is certain that
angle observations were acquired using theodolites. The accurate
measurement of long distances is achieved using electronic dis-
tance measurement (EDM). However, it is certain that EDMs were
not used in the specific archaeological expedition, besides tape
measuring. The first EDM equipment by the early 1960s was  large
and cumbersome and it was not until the 1970s that EDMs came
into everyday topographical use. Towards the end of the 1950s,
photogrammetry was  introduced for the topographical mapping of
some German states but it is almost certain, from the above three
maps, that photogrammetric type data were not acquired for the
Kabireion sanctuary. Regarding height information, it is considered
that geodetic levelling was used to estimate height differences, this

being a mature technique in the 1960s.

Clearly, the challenge of using historic data from topographic
maps is dependent on the quality of source materials and
processing methods for their construction. For example, contour
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Fig. 1. a: the Kabireion theatre; b: topographic map of the Kabireion site by the German Archaeological Institute dated 1969 (scale 1:1000); c: topographic map of the
Kabireion theatre by the German Archaeological Institute dated 1969 (scale 1:100); d: height elevation map  of the Kabireion theatre by the German Archaeological Institute
dated  1969; e: selected vectorlines in the 1969 topographic map.
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ines on many early (i.e. pre 1940s) topographic maps were “artisti-
ally” drawn with little intervening field observations between field
easurements. However, it noted that the archaeological drawings

f the specific period, which is the 1960s map, were using simple
nd minimal lines without too many artistic elements following

 trend originated by the Danish architect Erik Hansen [20]. The
uality and confidence in the historical topographic data available
re usually the limiting factors in the accuracy of the resulting dif-
erences between the maps and the subsequent analysis. Before
sing the information contained in old maps for map  regression
urposes, its quality must be assessed. According to [21], three

ifferent aspects should be assessed. The first is the topographic
ccuracy that denotes the quantity and quality of information about
andscape objects, i.e., whether the map  depicts all features of a

Fig. 2. a: TLS data acquisition; b: point cloud of the Kabireion site; c: 
l Heritage 21 (2016) 860–868 863

certain class. The second aspect is the chronometric accuracy, i.e.
the dating of the information contained in the map. Dating the age
of map  information (i.e. when the data were acquired) is often dif-
ficult, as the production or the revision of a map  commonly took
several years. The third aspect is the planimetric completeness (or
geometric accuracy). The geodetic accuracy describes the accuracy
of the positioning of the map  in a global coordinate system (i.e. ref-
erence system, map  projection) and the planimetric accuracy refers
to the extent to which distances and bearings between identifiable
objects coincide with their true values. This can be achieved by
comparing the positions, distances, areas, and angles of features on

the map  and in reality.

Regarding the 1960s maps, topographic correspondence with
reality was  checked in situ (see section 4.2). It became evident

details of the rendered model of the theatre stairs and the wall.
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hat the 1960s theatre map  of scale 1:100 presents only the largest
rosions of the theatre which was constructed from soft-porous
tones. Many Greek theatres were constructed using marble where
racks due to flaking or other capillary cracks would be evident.

ith regards the second aspect, the data collection was performed
etween the late 1950s and early 1960s [8] with the revised map
ated in 1969. There is no information regarding the reference sys-
em and the map  projection. It is assumed that a local coordinate
ystem and a planar projection have been used. Various methods
xist for analyzing and visualizing the third aspect, planimetric
ccuracy in historical maps [22]. Almost all methods derive from
wo sets of corresponding points which define a vectorline, i.e. one
et in a modern reference map  and one in the old map. Each vector-
ine starts and ends at the points that are identified in both the old
ap  and the modern reference map. The distance and orientation of
he vectors between the two maps are compared to indicate outliers
hat are due to gross positional errors in the old map. In this work, a
otal of 30 vectors were examined which are indicated in Fig. 1e. The

Fig. 3. a: view of the TLS topographic map; b: detai
l Heritage 21 (2016) 860–868

same vectors were measured in both the field and the TLS derived
map. The maximum difference was at the ± 5 cm level and the RMS
of differences was  equal to 2.3 cm.  Whist it is recognised that early
maps may  present different levels of point and relational accuracy
in topography, the 20th century maps were constructed according
to cartographic standards and therefore it has been assumed that
the planimetric accuracy of the map  is in the order of 5 cm.

3.2. TLS maps

A topographic map  of the Kabireion sanctuary using state-
of-the-art surveying techniques was  created. Specifically, a
combination, of techniques utilising total station surveying, GNSS
surveying and TLS were implemented. Initially, a control network

of four points was  established outside the site to be used for doc-
umentation and monitoring purposes. The network was measured
by static GNSS surveying (Javad Triumph-1 geodetic receivers) and
was connected to the national survey network (realised in the Greek

l of the TLS map  showing part of the theatre.
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The comparison between the maps is concerned with topo-
graphic changes in both the horizontal and vertical. For the
horizontal comparison, the use of polygons was implemented
rather than comparing single point data [25,26]. The advantage of
V. Pagounis et al. / Journal of C

eodetic Reference System 1987, GGRS87) with an accuracy of
.007 m in the horizontal and 0.011 m in the vertical. The collection
f horizontal point coordinates for the surroundings of the theatre
as performed easily using network RTK surveying at an accuracy

f 2–5 cm.
The TLS data acquisition was performed using the Leica Scansta-

ion2 laser scanner (www.leicageosystems.com) from 37 different
ositions with known coordinates in order to fully capture the site
nd avoid occlusions (Fig. 2a). The positions of the 37 points were
rior estimated by static GNSS measurements at the precision of
he manufacturer (Javad Triumph-1 receivers with horizontal pre-
ision of 0.3 cm ±0.1 ppm × baseline length, www.javad.com). This
eans that direct georeferencing was used. In this way the scanner
as set up over a known point (and its height over the point mea-

ured), was centred, levelled and oriented towards another known
arget where a spherical reflective target was set up (backsight), like

 total station. The acquired scans taken from multiple scanner sta-
ions were already in the same reference system (GGRS87) and then
ere easily merged into one dataset. The spherical reflective targets
ere scanned with an accuracy of 1–2 mm and the RMS  error of the
irect georeferencing was 0.9 cm (in the horizontal) and 10 cm (in
he vertical). An effort was made to maintain short distances (up to
00 m)  between the scanner and the scanning objects and the scan
oint density was 3 × 3 mm and in some cases 6 × 6 mm.  The data
rocessing was performed using the commercial software packages
yclone and Geomagic. Prior to registration, suitable filtering was
pplied to remove noise, redundant points and outliers.

Fig. 2b gives a typical example of the registered point cloud,
hich in turn becomes a 3D model using appropriate software. The

D model was also rendered using texture mapping techniques.
ig. 2c and d give examples of the texture mapped 3D model of the
heatre. Texture mapping is intended as a method for adding colour
nformation to a 3D model derived from TLS data. This is usually
een accomplished by photogrammetry or using control points or
arks placed at the building or terrain [23]. In this model, a num-

er of digital colour images acquired from an external camera were
apped onto the 3D TLS model. Thus, full resolution colour tex-

ure is mapped inside every triangle of the reconstructed 3D model
nd not only at the vertex points. Therefore, a true orthophoto is
reated. However, the aim of this work was not only to create a
D model of the theatre but also 2D topographic maps and sec-
ions for the structural documentation of the monuments. The 2D
erived map  in the national grid (of the GGRS87) was used for a
irect comparison with the old topographic map  (Fig. 3a).

This was performed through the Cyclone CloudWorx for Auto-
ad (hds.leica-geosystems.com) software package. Within this
nvironment a number of cutplanes can be defined, representing
lices of elevations from different sides of the structure as well as a
orizontal slice resulting in a footprint of the structure. The thick-
ess of a slice can be changed based on the type of the geometry
hat is applicable. In this work, a “semi-automatic” line generation
rocess was used. Once the operator creates a “slice” a least squares
est-fit line on the points is generated based on the defined geom-
try (i.e. line, circle, etc.). Depending on the number of points in the
slice”, the RMS  of the residuals for the least squares best fit varied
rom 0.2–2 cm.  Line fitting for points of free geometry, like edges
nd corners, was performed manually. The 2D plan was  then made
y using the standard CAD drafting tools.

. Topographic comparison
The general procedure prior to any comparison between the two
aps is to perform a georeferencing transformation in order to have

 unique reference system, i.e. the same geometric framework. For
his task, two sets of corresponding points are used, one originating
l Heritage 21 (2016) 860–868 865

from the modern map  and assumed accurate while the second is
from the old map  and is considered inaccurate. A sequence of geo-
metric transformations is applied between the sets of points so that
to register the old map  with the coordinate system of the new map.
In this work, the map  of 1969 (Fig. 1c) after being manually digi-
tised, was  registered to the coordinate system of the GGRS87 in
order to coincide with the system of the TLS map  (Fig. 3a). An affine
transformation was  used to establish the one-to-one correspon-
dence between the old and the new map. This is coincident with a
linear transformation that includes a translation (shifting), a global
rotation and a scale change. The affine transformation gave an a
posteriori sigma of 0.106 m for about 20 control points with a reg-
ular distribution. The resultant sigma of 10 cm for this number of
points corroborates with relevant literature [24].

4.1. Methodology
Fig. 4. a: differences between the 1969 and the TLS maps for the theatre; b: example
of  geometric differences.

http://www.leicageosystems.com/
http://www.javad.com/
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olygon data over point data is that the former provide a more
ccurate representation of the size and shape of structures. In
rchaeology the use of polygons is often employed giving a more
omprehensive spatial distribution of archaeological resources
ithin a study area.

As discussed in section 3.2, the TLS map  was created using
olylines which define polygons in the same way as in the 1969
ectorised map. The polygons referred to each structural element
f the seats which in this case are the stones. The comparison
etween the two maps involved polygon site boundary locations,
hapes and areas by calculating the percentage of the polygon non-
verlap. Comparing the same polygon derived from each map, a
ifference �i = polygonTLS – polygonmap1969 is calculated. Regarding
he difference, the use of a critical threshold t (i.e., a null hypothe-
is) is implemented for screening the change, based on the ratio of
bserved changes to error. A significance level at 95% is used for t
alues to filter out changes that are not significantly different than
he errors. Assuming a Gaussian distribution, the Student’s t-test is
sed to standardise the differences by:

i = ıi − ı̄/�ı, i = 1, . . .n  (1)

here, n is the total number of polygons and ıi − ı̄ is the differ-
nces from the mean ı̄ with associated standard deviation of the
ifference ��. The t-value reflects the confidence that the change

s an actual change or difference (e):

i → [
∣
∣ti

∣
∣ ≥ t˛/2, n-2] (2)

.2. Planimetric comparison

The comparison of the two different topographic maps was  per-
ormed within a GIS environment (open access software QGIS).
he theatre was divided into a number of components following

he crunei. Each component comprises a number of polygons and
or every polygon an attribute table provides specific information
bout the size (i.e. perimeter) and the area of each polygon along
ith the differenced area between the polygons derived from the

ig. 5. a: selected area in the 1969 map  and identical area in the TLS map  for deriving sec
ap;  c: elevation differences for the steps of the 6th crunei.
l Heritage 21 (2016) 860–868

two topographic maps. The GIS software creates the difference as
a new feature based on the area of the input layer that is not over-
lapped by the clipping or compared layer.

Fig. 4a shows the comparison between the digitised map of 1969
and the TLS map. The area differences between the two  maps for the
cavea (or koilon) are shown in dark colour. This has been created
by superimposing the TLS map  onto the 1969 map. Thus, the dark
areas in Fig. 4a are missing to date. Fig. 4b illustrates a zoomed part,
whereby the differences of the topographic maps indicate clearly
the weathered stone elements of the theatre which is also verified
by the recent photographs.

The majority of the lost material is seen in the middle sections of
seats (kerkides) and the retaining walls. The stone material of the
theatre is soft-poros, which is found locally near Thebes. It is brittle
and tends to disintegrate when weathered. Thus the damage suf-
fered has been mainly from erosion, and the growing of plants. The
orchestra area was covered by a deposit of earth and was  found
by the Regional Archaeological Service to have had an increasing
depth. In fact, the earth deposit was  washed in an easterly-westerly
direction, i.e. towards the orchestra area. On the other hand, the
earth deposit has preserved the theatre and this is mainly the rea-
son that there is less damage than might be expected. In [27] the
geology of the area of Thebes in historic times is described as being
composed of a group of plains covered with deep top soil, unusually
fertile for Greece.

4.3. Vertical comparison

The vertical comparison was  more difficult to execute as it was
not possible to register both maps in the same vertical datum. The
1969 map  refers to a local height system (Fig. 1d) whereby sections
were taken based on step elevations varying from 27 to 41 m. On

the other hand, the height information of the discrete points of the
TLS map  refers to the mean sea level. Therefore, it was decided
to examine height differences rather than absolute elevations.
For this reason, cross sections of the point cloud at appropriate

tions (6th crunei); b: typical example of a section derived from the TLS topographic
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evels were made, at exactly the same points shown at the 1969
ap. Fig. 5a shows an example from the 1969 map  depicting six

oints of known elevations at the local height datum and the equiv-
lent part in the TLS map, with the height information referred to
he mean sea level. Its respective section is given in Fig. 5b with
he height values shown on each step. The elevation differences
etween the two sections are given in Fig. 5c which vary from
–4 cm.  However, this difference is not considered significant sta-
istically as it is within the data error noise of the ground survey.
he same procedure was followed for all the sections of the theatre.

.4. Statistical analysis

The analysis for assessing the geometric changes between the
wo maps was based in the quantification of uncertainty in each
ndividual polygon for the two maps, the propagation of these
ncertainties into the differenced polygon, and finally the assess-
ent of the significance of the propagated uncertainty. These steps
ere followed for all the produced polygons derived from each
ap. This is because it is important to recognize and minimize

ncertainties in data that are particularly elusive with early topo-
raphic data. The uncertainty in the topographic data from which
he maps and thus the polygons are derived has already been dis-
ussed in section 3 (in the order of 5.7 cm). The final step refers to
ow a probabilistic thresholding can be carried out with a user-
efined confidence interval (Eq. (2)). A two-tail hypothesis testing
with t = 0.71527) was formulated to check for differences between
he polygons that are significant at the 95% confidence limit (i.e.

 = 0.05). For a number of 305 polygons, 8.5% were identified to
ave statistically significant differences at the 95% confidence level
P-value = 0.475), thus rejecting the null hypothesis. Fig. 6a gives
he frequency distribution of the standardised polygon differences
cf. Eq. (1)) and Fig. 6b represents the volumetric distribution of
he differences. In all three graphs of Fig. 6, the x-axis represents
he class frequencies with the x-values indicating the midpoints.
he volumetric distributions look very similar as the area distribu-
ion towards lower magnitude changes. Generally, the volumetric
istribution is often considered better for resolving signatures of
hange.

Similarly in the vertical comparison, for a sample of 50 ele-
ation differences, their standardised values were checked upon

 two-tailed t-test at the 95% confidence interval (i.e.  ̨ = 0.05)
nd a critical value of t = 0.720. The frequency distribution for the
levation differences (Fig. 6c) identified 16% to have statistically
ignificant differences at the 95% confidence level (P-value = 0.473),
hus rejecting the null hypothesis. At a closer look, the specific dif-
erences could not be attributed to actual changes such as ground
levation or subsidence. The large differences were attributed to
rroneous estimation of heights. Indeed, the remaining 94% of
oints follow an almost normal distribution with differences not
xceeding the ± 1 cm.  Therefore, it can be said that between the
969 and 2015 topographic maps, the theatre structure does not
ppear to have any elevation changes.

The difference of polygons was implemented in this work to
xtract quantitative planimetric and vertical differences between
he two maps The above results have shown that changes of 8.5%
lanimetrically (over ± 5 cm)  and 15% vertically (over ± 4 cm)  were
tatistically significant at the 95% confidence level. Regarding the
ertical component, the elevation changes are mainly due to erro-
eous height determination and the difficulty in comparing the two
aps because of the different height datums. Considering that the
ncertainties in historical cartographic data tend to be larger the
ethod is best suited for large magnitude topographic changes (e.g.

ubsidence). Creation of such datasets has a broad base of appli-
ation in archaeological studies and heritage management as it
Fig. 6. Frequency distribution of the standardised (a) area differences, (b) volumet-
ric  differences, (c) elevation differences.

provides a basis for both two and three-dimensional geometrical
change through time analyses.

5. Concluding remarks
The continuous development of new sensors, data cap-
ture methodologies, multi-resolution 3D representations and the
improvement of existing 3D recording methods significantly con-
tribute to the documentation, conservation and presentation of
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[26] M.W.  Mehrer, L. Konnie (Eds.), GIS and archaeological site location modelling,
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eritage information and to the growth of research in the her-
tage field. It has been shown in this paper that topographic change
etection using TLS techniques, coupled with surveying methods
rovides much of the necessary information needed to identify geo-
etric changes at the scale presented herein, in order to help for
anagement decisions.
The principles of detecting topographic changes as shown above

or cultural heritage monuments documented by repeat topo-
raphic surveys can be applicable to similar analyses over a wide
ange of time periods. It is emphasised that the topographic changes
etected in this work refer to scales in the order of 1:100. The same
aps cannot be used to highlight erosion changes at a detailed

cale (e.g. 1:25 and below). This is because first, the 1960s map
efines the reference scale of the comparison and second, it may
ave potential errors of omission as well as accuracy limitations of
he data.

The planimetric differences in the theatre found between the
wo maps refer to structural changes over time. Although the same
ata collection principles used in this work to create the new survey
lan of the theatre apply to create a map  for comprehensive con-
ervation documentation, the comparison performed in this work
s not valid for this type of task because of the limitations of the old

ap.
Whereas the topographic change results presented herein

rovide the highest available level of geometric change detec-
ion, additional work in combining these results with site-specific
ata on geomorphology, hydrology, etc. will provide a more thor-
ugh understanding of the causes of the documented topographic
hanges on these time scales. This information should provide
rchaeologists with an improved basis for making management
ecisions regarding the archaeological resources in the Kabireion
anctuary.

Finally, this work represents one of the many examples seen
or the digital documentation of archaeological sites. Despite some
otable exceptions in a few countries, many archaeological data
ecords are still not accessible because the traditional approach
f protecting the intellectual property rights of researchers often
eaves the primary data from excavations unpublished for decades.
ccess to data and data sharing is important for a sustainable
ocumentation in archaeology and for the successful application
f the techniques described in this paper.
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