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Abstract

Chan Chan, the largest raw earth settlement in Latin America, has been on the UNESCO WHL since 1986 and
on the World Heritage List in Danger since 1990. The archaeological complex is affected by a series of negative
natural and anthropic events that threaten the preservation of the structures and maintenance of the original
historical landscape. Within the framework of the bilateral agreement CNR-CONCYTEC (Consejo Nacional de
Ciencia, Tecnologia y Inovacién Tecnoldgica), the Institute of Heritage Science (ISPC) launched a collaboration
with the Universita Politecnica delle Marche, Universidad de Lima (ULima) and Universidad Privada Antenor
Orrego (UPAO), in order to provide tools (GIS, GIS3D, HBIM) for risk analysis, site vulnerability assessment
and submission of proposals to reduce its effects. The desirable results of the project are to provide methodolog-
ical support not only to the administrators of Chan Chan, but also to scholars and institutions dealing with raw
earth heritage in various parts of the world.

Keywords
Archaeological landscape, Earthen architecture, Risk management, GIS, HBIM.

Introduction

Chan Chan, the capital of the Chimor empire (IX-XV cen. AD), is the largest pre-Columbian city built in raw
earth. It is located about 600 km from Lima (Fig. 1), near Trujillo, and extends over 14 Km? with articulated
structures surrounded by imposing walls, named palaces or ciudadelas, remnants of popular houses, and huacas,
stepped pyramids with a sacred function!. The monumental complex has been on the UNESCO WHL since 1986
and on the WHL in Danger since 1990. As required by UNESCO, the Peruvian Institute of Culture drew up the
Plan Maestro de conservacion y manejo del Complejo Arqueologico Chan Chan (Plan Maestro), approved by the Peru-
vian Government in 2000 and recently updated for the years 2021-20312. The Plan Maestro foresees a series of
projects regarding research, conservation and enhancement that are mainly related to conserving the earthen

structures and protecting them from the Nifio phenomenon.



Fig. 1 Chan Chan archaeological site. In the small map the red
arrows indicate Lima and Trujllo. On the satellite image, the
core zone (in red) and the buffer zone (in green) are drawn.
Elaboration by Francesca Colosi

The project “Risk Management Plan of Chan Chan (Trujillo, Pert1): multidisciplinary analysis and HBIM meth-
odology” , conducted in the frame of the bilateral agreement CNR-CONCYTEC and with the financial contribu-
tion of the Italian Ministry for Foreign Affairs and International Cooperation, wishes to support the Plan Maestro
through a risk prevention plan using the GIS 3D and HBIM methodologies in an integrated way.

Among the many threats affecting Chan Chan there are major events, such as earthquakes or tsunamis, against
which it is only possible to conceive of an adequate alarm system for the population or rapid civil protection
interventions. However, there are natural or anthropogenic phenomena for which one can set up methods of
control and defense to be achieved in a short time. The most dangerous for the preservation of the archaeological
site are those that, on an architectural scale, erode the building material and those that, on a territorial scale,

damage the integrity of the historical landscape.

Architectonic survey: Huaca Arco Iris

Chan Chan is affected by many phenomena of degradation resulting mainly from atmospheric agents and, in
part, from the proximity of the sea. These particularly include erosion of the surfaces due to the wind, rising
water with transport of salts, effects of breaking or collapse due to the abundant rainfall during the Nifio. It is
therefore important to set up monitoring, study and conservation programs and to identify appropriate technol-

ogies to achieve the objectives. With regard to the architectural aspects of construction in adobe, we have exper-
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imented with the use of HBIM (Heritage Building Information Modelling), suitably modelled for the construc-
tion technique in raw earth. The investigation was conducted on the Huaca Arco Iris, one of the cult monuments
of Chan Chan, which had previously been surveyed and of which a 3D photogrammetric model was obtained?.
The main difficulty consisted in identifying the ontological characteristics specific to the construction, whether
they are material or formal. Another issue was adapting these characteristics to a design system developed on
the current building system, mostly accustomed to square shapes and the use of pre-established building librar-
ies.

The main obstacles, deriving from the extreme formal heterogeneity of the earthen architecture, have been over-
come by making forced squaring of curved or rounded parts and creating a first organization of ontological
characteristics in classes and subclasses. An analysis was then made of the various parts of the building and the
individual structural elements with a specific test on the south wall of the outer masonry. On this, a precious
bas-relief was covered by a brick wall to protect it from the imminent rains of the Nifio (Fig. 2).

The research on the 3d modelling, useful to define the structural and functional parts in HBIM, has demonstrated
the growing need to involve scholars of different specializations in the complex activity of conservation and

enhancement of cultural heritage*.
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Fig. 2 Exploded axonometric view of the huaca with the bas-relief of the external wall of the themenos and the conservative cover.

Territorial survey: the buffer zone

An equally serious problem is the danger of losing the historical landscape of the capital of the Chimu empire:
large structures like the Mall, a chicken feed factory and many high buildings are visible from the archaeological
site (Figs. 3, 4). This risk is increasingly evident and it is caused by various concomitant factors. The first is due

to the proximity of the city of Trujillo, in full urban development with a population that exceeds 800.000 people



and an airport that is the most important hub for the north of the country. The connection between the city and
the airport consists of a road that crosses the monumental complex, dividing it into two parts and expanding
daily with new commercial facilities.

The Italian Missionin Peu, in accordance with the the Ministerio de Cultura-Direccion de Sitios del Patrimonio
Mundial, defined the perimeter of the archaeological area (core zone) and then designed a special protection
area’. This buffer zone or area de amortiguamiento should somehow regulate the transition from the absolute pro-
hibition of building in the core zone to the urban development forecasts of Truyjillo.

Unfortunately, there has been a dangerous lack of coordination between the competent authorities. The buffer

zone involves four neighboring districts: Trujillo, La Esperanza, Huanchaco and Victor Larco Herrera (Fig. 5)°.

Fig. 3 Chan Chan landscape. The structures of “Chimu agropec- Fig. 4 Chan Chan landscape. Some skyscrapers are visible from
uaria” factory are visible from the archaeological site. Photo by the archaeological site. Photo by Roberto Orazi.
Roberto Orazi.

It should have its own specific urban planning that considers its protective quality towards the core zone, but is
actually simply inserted in the Trujillo urban development plan.

The lack of a specific plan for the buffer zone allows each district to provide building licenses in accordance with
Peru’s national building regulations. This is supported by a varied and contradictory legal framework that priv-
ileges the occupation of the territory and the construction of new buildings without regard to conserving the
historical landscape of the monument or granting public recreational spaces, with an impact on urban sustaina-
bility indicators.

The interest of the real estate sector in the buffer zone is growing, especially in multi-family buildings and con-
dominiums, where the owners have exclusive units and are co-owners of common spaces (parks, swimming
pools, etc.), obviously maintaining restricted and controlled access, creating urban islands.

Moreover, the absence of specific regulations has caused a gradual increase in vandalism through invasions of
borders or the construction of buildings of various floors.

The phenomenon is constantly developing, but it can and must be contained. Within our bilateral project an
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Fig.

2020-2040, Ubicaciéon del ambito de intervencion.
The buffer zone is divided in the following districts:
Trujillo, La Esperanza, Huanchaco and Victor Larco
Herrera.

extensive monitoring process has been developing based on the close collaboration between ISPC, ULima and
UPAQO researchers. A preliminary comparison between two VHR satellite images (2003 and 2019) has enabled
highlighting areas of the buffer zone where important building processes are developing (Fig. 6). These areas,
identified in the GIS with specific spatial coordinates, have been communicated to the Peruvian colleagues who,
in the meantime, have prepared analysis sheets to record the constructive and dimensional characteristics of the
building interventions. With the help of CENEPRED (Centro Nacional de Estimacién, Prevencién y Reduccién
del Riesgo de Desastres)’, groups of students, belonging to UPAO or to the National University of Trujillo, car-
ried out a territorial survey, producing a detailed photographic documentation. The methodology consists of
verifying the existence of blocks - lots, assigning them a coding, which allows knowing the changes in the terri
tory (subdivisions, qualifications, etc.) with respect to the official plans of the city. The photographic record of
the building enables understanding the current uses in the buildings, the degree of consolidation of the sector,
the building heights etc. (Figs. 7, 8).

The first surveyed area, Villa del Mar district, shows that there is a predominance of residential buildings up to
2 levels. Although there is no high densification, there is a tendency to subdivide lots, predisposing the urban
sector to overcrowding and shantytowns, without the a priori control of the pertinent authorities. The population
does not identify with the Chan methodology arc heological complex. It is common to find accumulations of
garbage and construction waste that require constant cleanup campaigns. The lack of street lighting in the intan-

gible zone, adjacent to the buffer zone, creates public insecurity and neglect.



e 4
Fig. 6 Satellite image WV3, 2019. The different colors show the zoning of the buffer zone. The red squares indicate the areas subject
to major urbanization risk. Elaboration ArcGis by Cinzia Bacigalupo and Anna de Meo.

Conclusions

The bilateral project has been able to produce an experimentation on the use of HBIM in the documentation and
recovery of monuments in raw earth and, on a territorial scale, a complex form of land control through the
application of modern geomatic technologies.

The HBIM platform could be used not only in Chan Chan but on all the various raw earth monuments through-
out the world and possibly provide elements of support to the UNESCO program for this specific construction
technique (WHEAP)®.

Monitoring the buffer zone will continue in the coming months with the involvement of university students and
local administrators. Of course, to counteract the uncontrolled expansion of the city of Trujillo, a specific legis-
lative intervention will be necessary with the imposition, for the buffer zone, of specific height constraints and
building density. Pending such intervention and in order to promote its implementation, the aim of the research
is to establish a database that can possibly contains 3D territorial models, to promote a broad cultural movement

aimed at safeguarding the integrity of Chan Chan and preserving its historical landscape. In this regard, it would
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Fig. 7 Buffer zone of Chan Chan. The survey Fig. 8 . Monitoring of the buffer zone. On Google Map the route

in progress on the ground. from “Condominio Andalucia” to “Patio de llaves de Hid-

randina” is shown (in yellow).

be appropriate that cultural and educational institutions organize public events aimed at involving the popula-
tion in the design of a specific zoning plan. The creation of green areas, recreational spaces and educational
facilities, could constitute the essential elements for a buffer zone that may respect the historical complex and

the population historically and culturally linked to it.
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