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ABSTRACT: A landscape archaeology study concerning the Lake Sevan southern region (Armenia) is being 
carried on with aim at investigating settlement location choices of the Urartian populations and of the pre-
existing communities. The research is based on the analysis of thematic maps generated by processing Digital 
Elevation Models (DEM); these DEMs have been created by interpolating isolines digitized from classical to-
pographic maps and by processing through interferometric techniques a couple of ERS-SAR scenes. A com-
parison between the two data sets has been, then, performed to highlight mutual differences and possible er-
rors in the two derived elevation distributions. Major height underestimation of the ERS based DEM with 
respect to the map derived one has been noticed; however, due to the more natural altitude distribution of the 
former data set, this one has been selected for subsequent analysis in areas where sites were located and still
reliable elevation values were present. The most significant by-products of DEM processing have been the 
shaded relief maps. These thematic data have been the basis to give insight to Urartian land control during 
their eastwards expansion, by applying also 3D analysis and computing the mutual distances among peculiar
fortresses. Pre-existing forts and fortresses have been, instead, studied to better define their organization, in
the territory, according to a hierarchical setting, by drawing elevation profile between an outstanding site and 
the other ones and by calculating a viewshed map starting from a peculiar fort. 

1 INTRODUCTION

The C.N.R. “Istituto di studi sulle civiltà dell'Egeo e 
del Vicino Oriente” (ISCEVO) has for years carried 
on an interdisciplinary “Urartu Project” aimed at re-
constructing the Urartian civilisation (IX-VII centu-
ries BC). The Urartian kingdom, at its maximum ex-
pansion, encompassed the present Eastern Turkey, 
Armenia and Iranian Azerbaijan (Fig. 1). 

Since 1994 the ISCEVO has been organizing 
campaigns in Armenia, in the region of Lake Sevan, 
as the north-eastern periphery of the Urartian state 
and fortified frontier against invasions of surround-
ing populations. The investigation has identified, ex-
amined and documented about 85 "sites", including 
fortresses, forts, settlements, necropolis (ranging 
from the Early Bronze Age to the Medieval period): 
for each site geographical co-ordinates have been re-
corded by means of a GPS. The archaeological in-
vestigation has highlighted the necessity of a land-
scape reconstruction addressed to better understand 
land use and control by ancient communities, also in 

relations to invasions. Urartian conquest caused 
withdrawing of pre-existing populations towards 
elevations greater than 2100 m a.s.l., while Urartian 
army settled mostly along the Lake Sevan plain up 
to the foothills (Fig. 2). On the field archaeological 
and geological data have been gathered within each 
surveyed site and for the whole study area, working 
along the pathway between the sites. Moreover, 
other data sets, such as topographic and geological 
maps, have been taken into account in order to ob-
tain a synoptic view of all the collected data. Most 
recent advancement of archaeology takes into ac-
count not only single sites or monuments, but is ad-
dressed to an integrated research including the sur-
rounding landscape. Therefore, new technologies, 
such as Remote Sensing and GIS, allows archaeolo-
gists to more easily explore the relationships be-
tween ancient communities and landscape, by utiliz-
ing not only the information derived from field work 
surveys, but also a series of georeferenced informa-
tion layers relative to different disciplines.
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In the case of the Lake Sevan region (Armenia) 
the CNR ISCEVO has cooperated with another CNR 
Institute, the IASF, developing a research project 
aimed at the historical reconstruction of landscape in 
areas interested by archaeological sites. The main 
purpose has been to implement techniques of digital 
data processing to give insight into the settlement 
location choices characterized by different environ-
mental settings. 

Figure. 1 Geographical location of the present countries  

 included within the Urartian kingdom.

Figure 2. Southern Lake Sevan region: geographical distribu-
tion of the Urartian (white circles) and Iron Age sites (black 
circles), overlapped to a shaded relief obtained from the Krass-
ERS-DEM.

2 PROCESSING OF THE DEM ON A  
MORPHOLOGICAL BASIS 

The setting of the Lake Sevan landscape, where the 
Urartian communities located their settlements, has 
been reconstructed by analyzing thematic maps de-
rived from DEMs, created considering as input both 
topographic maps and ERS SAR data. 

First utilized data set has been a mosaic of two 
contiguous topographic sheets on a 1:100,000 scale. 
Main contour lines, with 100 m step between 1900 m 
(Lake Sevan coast level) and 3900 m a.s.l., were 
manually digitized using a standard table, so obtain-
ing a set of vector data. These ones have been raster-
ized by applying classical interpolation techniques: 
thus, a preliminary elevation matrix (DEM) has been 
generated. This DEM has been georeferenced with 

respect to a UTM projection grid, by taking into ac-
count different GCPs (Ground Control Points), cho-
sen along the Lake Sevan coast line, mostly in corre-
spondence of rivers mouths, and at spot heights 
relative to peaks of volcanoes located in the study 
area. The final pixel resolution has been 50 m, useful 
for regional scale analysis (hereafter named as UTM-
map-DEM: Fig. 3). 

Another, 100x100 Km wide, DEM covering the 
southern part of the lake Sevan region was generated 
by processing an ERS-1/2 SAR tandem pair acquired 
on 23-24 August 1998. This ERS tandem pair, pro-
cessed as SLC (single look complex) product, al-
lowed to generate a very detailed DEM by applying 
interferometric techniques (Lichtenegger et al. 1999, 
Parmegiani et al. 1999). This DEM has been geo-
coded taking into account the Krassovsky ellipsoid 
(hereafter cited as Krass-ERS-DEM: Fig. 3) and so 
achieving a pixel spatial resolution of about 21 m in x
co-ordinates and 18 m in y co-ordinates.

Figure 3. Top: Grey shaded UTM-map-DEM; Bottom: Grey 
shaded Krass-ERS-DEM, encompassing southwards an area 
larger than that shown in picture at the top. 

The cited preliminary DEM, obtained by interpo-
lating map isolines, has been overlapped to the
Krass-ERS-DEM using the same GCPs as those em-
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ployed to derive the 50 m pixel resolution DEM 
(UTM-map-DEM). The corresponding UTM coordi-
nates of these GCPs have been then transformed into 
geographical coordinates following the Krassovsky 
spheroid. This procedure permitted to calculate rows 
and columns of the GCPs within the ERS based 
DEM, thus making possible to overlap the new 
DEM to the ERS based one (hereafter cited as 
Krass-map-DEM).

The Krass-map-DEM and the Krass-ERS-DEM
have been processed to derive digital spatial models,
such as shaded relief, slope and aspect maps. The 
shaded reliefs (Imhof 1982) have been created by 
choosing: for the Krass-map-DEM a lighting source 
as located at south-west with an angle of 30° above 
the horizon (Fig. 4); for the Krass-ERS-DEM a sun 
azimuth of 120° and sun elevation of 67° (Fig. 4).  

Figure 4. Top: Grey shaded relief derived from the UTM-map-
DEM; Bottom: Grey shaded relief derived from the Krass-
ERS-DEM.

3 COMPARING THE TWO DEMS 

By comparing, pixel by pixel, the elevation values of 
the two overlapped DEMs, it is possible to verify the 
differences and errors occurring with respect to each 
other. The Krass-ERS-DEM, in the 1900 to 2500 m 

ranges, exhibits height differences with respect to 
the Krass-map-DEM mostly under 50 m, in the high-
relief areas (2500 to 3800 m range) it presents eleva-
tion values underestimated up to some hundred me-
ters particularly in the south-central side of the study 
area.

This is clearly shown in the plot (Fig. 5) compar-
ing the frequency histogram distributions derived by 
computing the elevation statistics from the two 
DEMs: above 2600 m value the Krass-ERS-DEM
exhibits a depletion of its histogram curve up to 
3100 m, while Krass-map-DEM presents an almost 
stable trend up to 3800 m elevation. This opposite 
behavior is probably related to the problems caused 
by the viewing geometry of the ERS satellite SAR 
sensor which was crossing, along a descending orbit, 
the study area from Northeast looking Northwest-
wards, where the highest summits are concentrated 
so creating shadowed areas and foreshortening. 

 Figure 5. Compared frequency distributions of the elevation 
values derived respectively from the Krass-map-DEM (solid 
line) and from Krass-ERS DEM (dashed line). 

4 INTEGRATION OF DIGITAL MAPS WITH 
ARCHAEOLOGICAL DATA 

Therefore, the landscape analysis has been so per-
formed on the thematic maps derived from the
Krass-ERS-DEM. The thematic map chosen for the 
investigation has been a shaded relief created select-
ing a lighting source as located at north-west (300° 
N) with an angle of 30° above the horizon. In par-
ticular, the map showing the Urartian sites distribu-
tion has been created in order to reconstruct the east-
wards pathway of their conquest; on this last map 
Iron Age sites (fortresses, forts, open and fortified 
settlements) have been added in order to analyze 
mutual landscape control (see fig. 2). This su-
perimposition has been possible because during the 
field surveys each site has been described by a form, 
pointing out among other data its geographical coor-
dinates recorded with a GPS. 
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4.1 Analysis trough elevation profiles 

The Iron Age sites (Fig. 6) were organized accord-
ing to a hierarchical setting and among them every 

Figure 6. Viewshed area (shown as black) as seen from Kare 
Dzi (#1) with respect to Nagharakan (#2), Belyy Klyuch (#3) 
and Tatev (#4). 

single site exhibited a specific landscape control 
function. By taking into account a highland, bor-
dered by mountains and located in the Southwestern 
side of the study area, there is a peculiar cluster of 
forts where Nagharakan (as large as 15.5 ha) exhib-
ited the role of “central place” and the others (Kare 
dzi, Belyy Klyuch and Tatev) were at the same lower 
level. In particular, the Kare dzi fort (with a size of 
0.2 ha) was functioning as sight control site, being 
placed downhill the Armaghan volcano and over-
looking Southwards the entire Argichi watershed. 

The spatial relationship between couples of these 
sites has been investigated by drawing elevation 
profile, which allows to determine the mutual line 
of sight according an Euclidean distance, emphasiz-
ing also the morphological complexity of the path-
way among the sites. By interpreting the elevation 
profiles, the main fortress of Nagharakan is visible 
only from Kare dzi while this last one, hosting only 
a small garrison but overlooking the whole Argichi
river valley, can see also both Belyy Klyuch and 
Tatev, so emphasizing its function of sight control 
place with respect to the other sites, which, on the 
other hands, are invisible to one another (Fig. 7). 

4.2 Viewshed analysis 

Strictly related to this method is the so-called 
Viewshed analysis that makes inferences about the re-
lationships of intervisibility between related sites 
within a landscape. All stages of the procedure may 
be implemented using currently available GIS, re-

quiring only that a suitable elevation model be avail-
able, together with the locations of the sites.  

The result of this discrete calculation may turn 
out positive or negative, conventionally coded as a 1 
for a visible cell or a 0 for a not visible one. When 
performed for the entire data set, the result is a bi-
nary image where areas of the landscape with a di-
rect line of sight from the source cell are coded as a 
1 and those with no line of sight with 0 (Wheatley 
1995).

This analysis has been applied only to the site of 
Kare dzi, being identified as peculiar reference 
watchtower. The viewpoint has been set up as the 
viewer was standing at 1.60 m above ground, and 
maximum sight distance of 10 km was selected; the 
result is shown in fig. 6 where the area visible from 
Kare dzi is displayed as black. 

Figure 7a. Elevation profiles drawn between Kare Dzi and 
visible Iron Age sites.
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 Fig. 7b. Elevation profiles drawn between other Iron Age sites 
mutually invisible. 

5 CONCLUSIONS 

Starting from DEMs created by interpolating isoli-
nes digitized from topographic maps and by process-
ing through interferometric techniques a couple of 
ERS-SAR scenes, the Lake Sevan landscape has 
been analyzed with respect to the task of the location 
on the territory of settlements chronologically span-
ning from the Early Bronze to the Roman ages. 
These procedures allow to get an immediate visuali-
zation of the geographical distribution of the sites 
not disregarding the geomorphic scenario which 
may explain specific location choice. Particularly, 
the following techniques appeared quite useful: 

1. three-dimensional display of landscape scenario 
including sites locations; 
2. elevation profiles from site to site; 
3. viewshed analysis. 

Moreover, as far as Urartian fortresses are con-
cerned, it has been believed useful to calculate the 
mutual distance among the sites in order to hypothe-
size the time necessary to cover the pathway.  
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