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Abstract: Archaeological complexes are characterized by different degrees of damage
related to both natural events and anthropogenic triggers. The damage may be assessed
through direct observation or remotely acquired data. Here, we present a morphometric
analysis of a digital surface model (DSM) obtained from an orthophotogrammetric survey
at the Sanctuary of Pachacamac Archaeological Complex, Peru (2nd to 16th centuries
AD), which includes temples, enclosures, huacas, and roads. We determine different
morphometric parameters to quantitatively describe the architectural layout of the site.
These are aspect, slope, range, and topographic position index (TPI). We applied a modified
TPI classification to measure the different degrees of preservation of the walls of the
archaeological structures and recognize preserved, partly preserved, partly destroyed, and
destroyed walls. The walls of the site show different degrees of preservation related to the
damage associated with earthquakes and El Nifio destructive events. The architectural
layout of the archaeological site is defined by NW-SE and NE-SW striking walls. This is
due to buildings constructed along the two main NW-SE and NE-SW striking roads of
the Qhapac-Nan road network. The prevailing El Nifio wind direction may also explain
the observed architectural layout. Morphometric parameters can be used to estimate the
degree of conservation of archaeological sites. Our analytical approach can be applied to
modern buildings damaged by natural events or human activities.

Keywords: archaeological heritage; morphometry; architectural layout; orthophotogram
metry; degree of preservation; walls

1. Introduction

Archaeological sites record the actions of humans over time and allow us to obtain in-
formation on the connections between past societies and the surrounding environment [1,2].
The maintenance and preservation of archaeological sites are of primary importance not
only to reconstruct and analyze the past but also for local communities because these sites
favor the social, cultural, and economic growth of a region. However, some settlements
are exposed to anthropic activities, including illegal actions, e.g., looting, and to natural
damaging events, including earthquakes, floods, heavy rain and strong wind, gravity
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instability, extreme temperatures, and large thermal excursions associated with climate
change [3-7]. In this framework, the UN’s 2030 Agenda for Sustainable Development
proposes to improve actions that are aimed ‘to protect and safeguard the world’s cultural
heritage’ [3]. A pre-requisite required to protect and maintain the archaeological sites is the
measure of the degree of conservation, i.e., preservation/damage of the architectural ele-
ments and structures (walls, beams, columns, floors, and roofs). The degree of preservation
of the archaeological structures may be obtained by direct observation following various
classification schemes based on damage indices [8,9]. This type of approach, although
useful for individual buildings, is not easy to apply to large archaeological complexes,
where a general evaluation of the whole architectural layout is required. In addition, di-
rect observation may be (a) time consuming, (b) affected by a subjective evaluation, and
(c) limited to a 2D analysis, not allowing us to evaluate the damage from 4D diachronic
measurements, a feature particularly common in the case of adjacent structures/buildings
and partly overlapping/juxtaposed structures (i.e., platforms or other multilevel struc-
tures). In fact, the chronological dimension results are very useful for the determination of
degradation processes over time. To overcome these limitations, terrestrial and airborne
laser scanners and aerophotogrammetric acquisitions provide high-resolution data, al-
lowing us to (a) obtain 4D representations of archaeological structures and (b) obtain a
comprehensive view of the degree of preservation of large architectural complexes [10-14].
Therefore, orthophotogrammetric and/or laser scanner data can be used to determine
the degree of preservation (damage) of large archaeological complexes, if this may be
quantitatively evaluated by the use of morphometric parameters [15] and/or virtual re-
constructions [16,17]. This is particularly relevant for archaeological sites characterized by
structures with a low degree of preservation due to the use of adobe (a mixture of sand
and silt) or other earth materials. These poor materials are subjected to an increasing,
rapid deterioration related to rain, winds, and solar radiation associated with climate
change [18,19]. In this framework, the use of lidar and orthophotogrammetric, or satel-
lite acquisitions is a pre-requisite to obtaining quantitative information on the degree of
deterioration of archaeological structures at different scales, from the whole site to single
structures or construction elements, e.g., bricks [20,21]. Here we propose a morphometric
analysis based on the orthophotogrammetric data of the structures of the Sanctuary of
Pachacamac Archaeological Complex (SPAC, 2nd to 16th centuries AD), which is located
on the central coast of Peru and covers an area of 4.65 km? (Figure 1). We reconstruct the
3D structure of a large part of the archaeological site and extract some morphometric pa-
rameters. These parameters allow us to quantitatively determine the degree of preservation
of different sectors of the site and individual buildings. The approach we apply to SPAC
may be exported to other sites of archaeological interest or to more recent buildings partly
destroyed by the action of natural or anthropic events, such as earthquakes, floods, looting,
and wars, among others. In particular, our study proposes a novel application of remote
sensing to the study of damage affecting adobe and earth materials due to climatic factors.
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Figure 1. (a) Location of the monument area of the Sanctuary of Pachacamac Archaeological Complex.
(b) Satellite view of the archaeological area (GoogleEarthPro, Image 2022@ Maxar Technologies).

2. The Sanctuary of Pachacamac

SPAC (2nd to 16th century AD) includes platforms, temples, enclosures, and squares
mainly made up of adobe bricks (Figures 1 and 2). The archaeological site develops in
a relatively flat area, with an average altitude of 25 m above sea level (a.s.l.) (Figure 2a).
This area is bounded to the south by NE-SW elongated hills, with a maximum altitude
of 85 m. The earliest human evidence belongs to the hunting/gathering and fishing
economies on the central coast of Peru and dates back to the Archaic Period (around the
5th millennium BC).
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Figure 2. (a) Topography of the SPAC area superimposed to the shaded relief derived from a digital
surface model (DSM). (b) Shaded relief of SPAC with location of the main architectural structures of
archaeological interest.

From the archaeological data provided by the investigations, we know that the occu-
pation of the Pachacamac Archaeological Sanctuary began in the Late Formative Period
(200 BC-200 AD). The ease of water capture, exposure to the sea breeze, proximity to the sea,
and the favorable position for agricultural, anthropic, and architectural expansion are the
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main conditions for this large and fertile territory to continue to be exploited and inhabited
over time. Thus, important local kingdoms and empires contributed to the conversion of
Pachacamac into one of the most important and sacred ceremonial centers of the central
Peruvian coast [22].

Starting from the First Intermediate Period (200 BC-600 AD), the Lima culture began,
and the Templo Viejo (Figure 2b), whose structure is made up of small-sized bricks locally
called ‘adobitos’ (a mixture of clay, sand, and straw), was constructed. Templo Viejo shows a
large central courtyard and two levels of platforms that develop around a large enclosure or
patio [23,24]. The early phases of construction of the Templo Pintado (Figure 2b) also occurred
between (200 BC-600 AD) [25,26]. SPAC was expanded over time by the Huari Empire (Middle
Horizon: 550-1100 AD) with the creation of a vast necropolis [27], which was significantly
looted over time. With the Ychma occupation (Recent Intermediate Period: 900-1476 AD), the
large area of the SPAC was enriched with trapezoidal structures composed of superimposed
levels served by large access ramps known as "huacas’ (Huca con rampa 1, 2, and 3 in
Figure 2b). In this period, a new upper level was added to the Templo Pintado [25,26]. In the
15th century, under the Inca Empire (Late Horizon: 1476-1534 AD), the Sanctuary became
part of Chinchaysuyu, one of the four administrative districts of Tahuantinsuyu [28,29], and
was connected to the capital Cuzco by the Qapac-Nan road network. The Accllawasi (house
of the Virgins of the Sun), which is located at the northwestern corner of the archaeological
site (Figure 2b), was rebuilt by Tello in 1940 [30,31]. The Templo del Sol, whose traces of
painting are still visible, has a volume of around 300,000 m? and represents the largest
structure of the SPAC (Figure 2b) [25]. In 1534, the Spanish put an end to the "pagan’
sacrificial rituals and practices. Despite this, access for devotional reasons was permitted.

3. Environmental Conditions, Damaging Factors, and Degree of
Preservation of the SPAC Archaeological and Architectural Elements

The central coast of Peru and SPAC are exposed to heavy rain, floods, and winds
related to the El Nifio-Southern Oscillation [32,33]. In addition, the semi-arid region of
the Peruvian coast is subjected to high temperatures during the summer season due to
climate change. These temperatures have negative effects on the paintings preserved in the
SPAC structures of the Templo del Sol and Templo Pintado [34]. The partial destruction of
some SPAC structures by intense El Nifio-Southern Oscillation events was responsible for
the abandonment of the coastal settlements in 600 CE [35,36]. Also, some SPAC structures
were damaged by heavy rain in 1925-1926 [33]. Earthquakes, such as the 31 May 1970
Mw = 7.9 event, which damaged the Templo del Sol at SPAC, produced several damages
with a partial collapse of the retaining walls. However, the ages of the damages on the SPAC
structures related to past earthquakes are unknown. The above-reported natural phenom-
ena, together with the high temperature due to the semi-desertic climate of the central coast
of Peru, influence the construction elements, such as adobe, mortar, and stones, as well as
the paintings. The low cohesion of the adobe bricks, the simple construction technique, and
the occurrence of clay and silty rocks covered by sand have favored gravitational instability
and erosion phenomena with the removal of material from the buildings. A field survey
at SPAC allowed us to inspect the degree of preservation of the architectural structures,
mainly the retaining walls of temples and huacas, and the walls separating enclosures.

The SPAC walls are made up of superimposed bricks (adobitos), with mud at the top
and, sometimes, between the bricks (Figure 3a—d). The latter acts as a mortar.

Based on previous studies on the archaeological structure of SPAC and the conser-
vation of the architectural elements of the site [37], as well as the results of a field survey
carried out by us in April 2024, different degrees of preservation of the SPAC walls are
documented. These include (Figure 3):
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(a) Preserved (PR) walls with the sides perfectly conserved, with the bricks having their
original rectangular shape (Figure 3a);

(b) Partially preserved (PP) walls in which the bricks are rounded, and the structure
of the wall is largely preserved but deposits related to the downfall of some bricks
and/or mud from the top of the wall occur (Figure 3b,d);

(c) Partly destroyed (PD) walls affected by the collapse of a part of the structure. In these
walls, the structure is preserved only in the interior part, whereas the exterior consists
of collapsed material accumulated at the base of the wall (Figure 3e,f);

(d) Destroyed (D) walls are characterized by a linear stockpile of material constituting

early, and now fully collapsed, walls (Figure 3d—g).

PR = preserved or restored PP = partially preserved.

partially destroyed, D = destroyed

Figure 3. Examples of walls with different degrees of preservation at SPAC. (a) Well-preserved wall
with detail of the bricks (b) Parly preserved wall with some collapsed bricks within a mud matrix.
(c) Southern face of the Templo Viejo characterized by a partially preserved wall (left) and a fully
destroyed (collapsed) one. (d,e) Walls of enclosures characterized by different degrees of preservation.

(f) Single wall characterized by different degrees of preservation. (g) Southern face of the Templo del
Sol with walls collapsed during the 31 May 1970 Mw = 7.9 earthquake.

A single wall may be characterized by different degrees of preservation (Figure 3c-g).
As an example, the walls of the Templo del Sol show both PR and D degrees of preser-
vation (Figure 3g), with this latter being associated with the collapses generated by the
1970 Mw = 7.9 earthquake. The enclosure of Figure 3e, which is located south of the Huaca
con rampa 2 (Figure 2b), also shows individual walls with different degrees of preservation,
from PR to D.

4. Methods
4.1. Orthophotogrammetric Data and Digital Surface Model

The orthophotogrammetric data at SPAC have been acquired between 2019 and 2020.
Details on the acquisition procedure and data processing are detailed in Chipana et al,,
2020 [38], Pozzi-Escot et al., 2024 [39], and Magnini et al., 2024 [40]. The two surveys have
been carried out with a Phantom 4 pro v.2.0 drone supplied with a 20 Mpx camera and
GPS. The flight heights were between 35 m and 50 m from the ground. The flight route
followed a grid pattern with targets on the ground. The spatial density of the targets
was 3 targets /100 m?. The targets, which were georeferenced with a TOPCON Hiper H
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differential GPS, allowed the flight geo-referencing. The spatial density of the acquired
photographs was between 1500 and 2000 photographs /5000 m?. Due to the different times
and resolutions of the two acquisition surveys (from 5 cm to 30 cm/pixel), the dataset has
been homogenized using Agisoft Metashape V. 1.5.3 (https://www.agisoft.com/, accessed
1 December 2024, Russia), and a digital surface model (DSM) of the SPAC with a 30 cm/px
resolution was constructed (Figure 2). The errors were 3 cm on x and y and 2 cm on z.

4.2. Morphometric Parameters

We performed a morphometric analysis on the DSM data with the aim of providing
quantitative parameters that define the large-scale architectural structure of the SPAC and
the local scale degree of preservation of the individual structures. The morphometric
parameters are:

(a) Aspect, i.e., the dip direction, measured in degrees from the north in a clockwise trend,
following Moore et al. (1993) [41] (Figure 4a).

1)

360 ZIN—Zs Zg—Zy
27

A t = 270 — —atan2
spec 0 atan 24y TN

where Z is the vertical component, x and y the horizontal components, and the subscripts
N, S, E, and W the compass points;

(b) Slope, measured in degrees according to Moore et al. (1993) [41] (Figure 4b);

360 Ze —Zw \ 2 Zn —Zs\ 2
Slope = o arctan [\/( oAy > + < W (2)

(¢) Range is a measure of value equal to the maximum minus the minimum of the

altitude values of neighboring pixels. Range is the measure of the relief at a local
scale (Figure 4c). This parameter has been calculated following Sofia (2020) [42] on a
matrix of 3 x 3 pixels. In the DSM of SPAC, this matrix covers an area of 0.81 m2. The
measurement unit is m;

(d) The topographic position index (TPL Figure 4d) is the difference between the elevation
at a pixel of DSM and the average elevation of pixels surrounding it within a fixed
square [43]. We apply the procedure proposed by de Reu et al. (2013) [44], and the
side of the square is 0.9 m, i.e., 3 pixels in each direction around the central one. And
the area is 0.81 m2. The measurement unit is m;

(e) TPI-based classification [45—48] subdivides the TPI values of a landscape into landform
categories based on topography and recognizes 10 categories, which are (Figure 5)
high ridge, midslope ridge, local ridge, upper slope, open slope, plain, valley, upland
drainage, midslope drainage, and stream.

The aspect, slope, and range parameters quantitatively describe the architectural lay-
out of SPAC by considering the angular and linear features of the structures, including the
orientation and height of the walls. Assuming that the SPAC structures are morphological
elements of the territory, although associated with human activity and not related to geo-
morphic processes, TPI and TPI-based classification parameters allow us to characterize the
SPAC structures in terms of degree of preservation. This is because these two parameters
are a measure of the degree of ‘smoothing’ of an architectural structure with respect to an
adjacent or partly overlapping structure and/or surrounding terrain.
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Figure 4. Morphometric parameters extracted from the DSM of SPAC reported in Figure 2. (a) Aspect
map of SPAC. (b) Slope map. (c) Range map. (d) Topographic position index (TPI) map.
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Figure 5. TPI-based classification map of SPAC extracted from the data reported in Figure 4d.

5. Results

The results of the morphometric analysis of SPAC are summarized in Figures 4-7. The
topography of the SPAC area is characterized by a prevailing altitude of 25 m (Figure 6a),
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Area (m2)

Area (m2)

1

and the distribution of the aspect values highlights four main peaks at NE, SE, SW, and

NW. These are the preferred dip directions of the SPAC walls (Figures 4 and 6b). The most

common slope value is 2.5°, with values >5° reflecting the walls with different degrees of

preservation from D to PR. The values of the range decrease from 0.4 m to 7 m (Figure 6d),
with values >1 m mainly indicating the distribution of the wall height (Figures 4c and 6d).
The TPI values show a peak at 0 m, with the distribution showing a nearly symmetric shape

with decreasing trends towards the more negative and positive values (Figure 6e). The

values close to 0 m represent the flat surface of the SPAC topography, the floor of the main
enclosures, and the topography of the temples and huacas (Figure 4d). The distribution of
the categories in the TPI-based classification clearly evidences a predominance of the open
slopes and plains (Figure 5), which define the prevailing flat topography of SPAC, the flat
top of temples, and the floor of enclosure (Figure 5). Figure 7a,b show that the higher slope
and range values have preferred dip directions, i.e., NE, SE, SW, and NW. The TPI vs slope
density plot (Figure 7c) highlights that the higher and lower TPI values, although dispersed,
preferentially occur at slope values > 40°. The larger values of the range. i.e.,, range > 1 m
occurs at altitude values between 25 m and 48 m (Figure 7d), i.e., in the flat area of SPAC
and on the flanks of the NE-SW elongated hills delimiting its southern sector. These are
the sectors of SPAC where the main SPAC archaeological structures concentrate. Also,
the density plot of altitude vs TPI (Figure 7e) shows that the lower and higher TPI values
concentrate at altitudes between 25 m and 48 m. Finally, the lower and higher TPI values
preferentially occur at values of range > 1 m.
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Figure 6. Distribution of the morphometric parameters (a) altitude, (b) aspect, (c) slope, (d) range,
(e) TPL, and (f) TPI-based classification at SPAC (data from the digital maps in Figures 4 and 5).
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Figure 7. Density plot of (a) aspect vs. slope, (b) aspect vs. range, (c) TPI vs. slope, (d) Altitude
vs. Range, (e) Altitude vs. TP, and (f) TPI vs. range. Data from the digital maps of Figures 2 and 4.

The data from Figure 6, which report the distribution of the different parameters, and
those from Figure 7, in which a comparison among different parameters is summarized,
clearly show that the selected parameters are totally independent of each other. As can
be seen in these two figures, the shape of the histogram of each parameter is different
(Figure 6), and positive or negative correlations between couples of parameters are lacking
(Figure 7). We select the parameters aspect, slope, range, and TPI because their geometric
significance is different. Aspect and slope give information on the geometry and spatial
arrangement of the walls, while range provides a measure of their height. TPI, which
measures the difference between the elevation at a pixel of DSM and the average elevation
of the pixels surrounding, is a measure of the relief changes within a given area, i.e., of its
complexity. Based on the above observations, we conclude that the independence of the
selected parameters does not influence the results.

The architectural significance of the above-reported parameters, as well as the classifi-
cation of the degree of preservation of the SPAC wall, are discussed in the following section.

6. Discussion
6.1. Architectural Layout of SPAC

The maps and data summarized in Figures 2a, 4, 5 and 6, and Figure 7a,b indicate that
the architectural layout of the SPAC is very regular. It mainly consists of archaeological
structures (enclosures, huacas, and temples) with a rectangular plan and with walls striking
NW-SE or NE-SW. Most of the enclosures are contiguous and share their walls. The
enclosures were possibly devoted to administrative and/or ritual practices. Huacas 1,2,
and 3 are located in the plain of the central sector of the SPAC, while the temples are located
on the hills delimiting the southern sector of the archaeological complex. Actually, the
so-called temples are huacas, and the distinction between the two terms is based on the
architectural complexity of the temples characterized by a monumental structure. The
house of the Virgins of the Sun (Accllawasi in Figure 2b) is spatially separated from the
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main enclosures and temples, being located in the northwestern corner of SPAC. Two main
roads may be recognized: (a) a NW-SE striking rectilinear road departing the eastern side
of Huacas con rampa 1 (Figure 2b) and (b) a NE-SW striking road bounding the southern
sides of the Huacas con rampa 2 and 3 (Figure 2b). These two roads intersect between the
Huacas con rampa 1 and 2. The NE-SW striking road belongs to the Inca Qapac-Nan road
network, which is partly based on pre-Inca infrastructures and extends from the Andes
and Cuzco to the central coast of Peru [49]. The above-described data evidence how the
SPAC architectural layout is closely controlled by the orientation of the two main Inca
roads. Also, Magnini et al., (2024) [40] suggest that climatic factors have played a role in
the development of the SPAC architectural layout being the southern NE-SW elongated
hills of the SPAC and a natural barrier to the winds related to El Nifio events, which have
a SE direction. Therefore, the SE- and NW-facing walls of the SPAC enclosures have an
orientation that ensures maximum protection from the prevailing winds. Probably, both
the pre-Inca and Inca road networks and climatic factors influenced the development of
the SPAC’s architectural layout at different times.

6.2. Degree of Preservation of the SPAC Structures and Walls

Based on the data of Pozzi-Escot (2014) [37] and our field survey reported in Section 3
and Figure 3, we classify the degree of preservation of the SPAC walls into the categories of
preserved (PR), partially preserved (PP), partly destroyed (PD), and destroyed (D). The
TPI-based morphological classification of Figure 5 allows us to morphologically classify the
SPAC walls in terms of ridges and slopes. In detail, PR walls consist of high ridges, while
the PP walls may be described as high or midslope ridges plus local ridges. These latter
two evidence the smoothing of the wall structure due to partial erosion or local downfall.
The PD walls are morphologically consistent with high ridges or local ridges and upper
slopes, with these latter representing collapsed or eroded material accumulated at the
base of the walls. The D walls consist of rectilinear features of upper or open slopes due
to the accumulated, collapsed material being the morphological evidence of the original,
preserved, or partially preserved wall. On the basis of the above-mentioned morphological
criteria, we construct a modified TPI-classified map in which the forms not related to
the wall morphologies are removed. These latter are plains, valleys, streams, and all the
different types of drainage. The new map, which is reported in Figure 8a, well-describes
the SPAC walls on the basis of their morphology and, as a consequence of their degree
of preservation.

On a large scale, the SPAC northern and eastern sectors are characterized by ~85%
of PD and D walls (Figure 8a). This is also for the area between Accllawasi and Huaca
con rampa 1 (Figures 2b and 8a). The NE-SW and NW-SE striking roads are bounded by
archaeological structures with PR and PP walls. These walls were partly reconstructed
in recent years. Accllawasi is characterized by PR and PP walls (Figure 8b). This is due
to the renovation works carried out by Tello in 1940 [30,31]. The three huacas located in
the central sector of SPAC also show a good degree of preservation, being ~90% of the
walls characterized as PR and PP walls, with only 10% with a PD degree of preservation
(Figure 8c). This is because an important renovation work started about 15 years ago,
and it is still in progress [37]. The southern sector of SPAC, i.e., the area of the main
temples, shows different degrees of preservation. Templo Viejo is poorly conserved, with
walls characterized by PD and D degrees of preservation (Figure 8d). The plan of this
temple is still recognizable on the map of Figure 8d, but the architectural structure is
only partially conserved, being that the perimetral walls are smoothed, and, in any case,
difficult to reconstruct based on the morphometric data alone (see Figures 2, 3c, 4 and
5). This is because most of the boundary walls of Templo Viejo, which is one of the older
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structures of SPAC (200 BC-600 AD) are collapsed. The retaining walls of Templo del Sol
are characterized by different degrees of preservation (Figure 8e). The plan of this temple,
which consists of superimposed platforms bounded by retaining walls (Figures 2b and 3g)
is well-defined in the modified TPI-classification map of Figure 8e. The NW-facing walls
show prevailing PR to PD degrees of preservation. However, the lower wall is interrupted
in some locations, showing a D degree of preservation. This is due to the partial collapse
of this wall related to the 31 May 1970 Mw = 7.9 earthquake. The southeast-facing walls
are characterized by a D and PD degrees of preservation. Some of these walls were totally
collapsed due to past earthquakes and climatic factors (rain and wind) due to El Nifio—-
Southern Oscillation events. The northeast-facing walls are also characterized by D and PD
degrees of preservation.
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Figure 8. (a) Modified TPI-based classification map of SPAC based on the data reported in Figure 5.
The classification scheme of the degree of preservation is reported on the right; (b) detail of the
Accllawasi structure; (c) detail of the Huaca con rampa 2; (d) detail of the Templo Viejo; (e) detail of
the Templo del Sol.
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Our morphometric analysis of the orthophotogrammetric data at SPAC shows how
the degree of preservation of archaeological structures may be qualitatively evaluated and
semi-quantitatively measured by using the appropriate morphological parameters. Here,
we propose the use of a modified TPI-based classification scheme. We show how the use of
parameters like TPI, which is widely used in geomorphology, can be successfully applied also
to architectural structures of archaeological interest.

7. Conclusions
The main results of this study may be summarized in the following points:

(1) The morphometric analysis of orthophotogrammetric data allows us to reconstruct the
architectural layout of archaeological sites;

(2)  The architectural layout of SPAC shows that the archaeological site consists of temples,
huacas, and contiguous enclosures, describing a regular structure defined by NW-SE
and NE-SW striking walls. This arrangement reflects the growth of the archaeological
buildings around the two NW-SE and NE-SW main roads belonging to the Qapac-Nan
road network. Climatic factors related to the winds of the El Nifio-Southern Oscillation
events may have contributed to the iso-orientations of the walls of the main buildings;

(3) The degree of preservation of the SPAC walls was determined by applying a modified
TPI-based classification scheme to a DSM obtained by orthophotogrammetric data. We
recognize four main degrees of preservation (PR, PP, PD, and D) ranging from PR
(well-preserved wall) to D (totally collapsed wall);

(4) Individual SPAC buildings are frequently bounded by walls with a different degree of
preservation, with the PD and D walls reflecting the punctual action of earthquakes
and El Nifio-Southern Oscillation events. PR and PD walls usually characterize the re-
structured and renewed constructions. The general state of conservation of SPAC is low,
with large sectors of the archaeological site characterized by PD and D buildings. The
older temples are also poorly conserved. The increasing intensity and duration of rain
events due to climate change is a major driver of damage to adobe constructions. This
has been observed in many archaeological sites worldwide, including North America,
South America, Europe, and Asia [50,51]. As observed at SPAC, these events increase
the erosion of adobe, so triggering, in some cases, the partial or total collapse of walls.
Therefore, the analysis of the relationships between climatic events, such as rain, and the
damage to archaeological structures is of primary importance in recognizing successful
conservation methods. In this framework, the acquisition of multitemporal data from
remote-sensing techniques could provide relevant information on the amount of pro-
gressive erosion of adobe walls due to climatic factors with time. The methodological
approach we propose at SPAC could be used as the basis for such a multi-temporal anal-
ysis and can be applied outside the archaeological field to assess the state of damage of
more recent buildings affected by damage caused by natural events, such as earthquakes,
or war events, such as bombings. We underline how the morphometric parameters
generally used in geomorphology for the study of landforms may be successfully used
to semi-quantitatively estimate the degree of preservation of buildings.
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