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ABSTRACT

The understanding and safeguarding of Cultural Heritage involves the collection, storage and
processing of all forms of relevant information pertaining to it. Whereas the heterogeneous sets of
data help understanding the heritage monument or site; heritage data management is an essential task
for the use, dissemination, protection and conservation of the monuments. Compiling heritage
monument records is still mostly a manual procedure, while computer technology partially solved
data organization and archiving of individual components. Additionally, a main bottle neck for the
archiving of heritage information of sites belonging to the World Heritage List is that information is
collected and archived by a variety of institutions and that each archiving organization has its own
protocol and tradition of data storage and dissemination. To integrate the dispersed available
information, which would facilitate the retrieval of information and making the information available
for decision-making, this paper presents a concept of Heritage Information System (HIS) based on: (i)
value-based assessment at different scales, (ii) a heritage (geo) database, and (iii) a geographic
information system (GIS). For the development of the concept heritage data of the historic city of
Cuenca (World Heritage Site, 1999), Ecuador, were used.

Keywords: Cultural heritage site, data management, heritage information system, GIS, value-based
assessment, Historic Center of Cuenca.

RESUMEN

La comprension y la salvaguarda del Patrimonio Cultural edificado implican la recoleccion,
almacenamiento y procesamiento de todo tipo de informacion relativa a él. Si se considera que este
conjunto heterogéneo de datos nos ayuda a conocer profundamente el monumento o sitio patrimonial,
la gestion de estos datos, resulta una tarea esencial para su difusion, proteccion y conservacion. En
diferentes sitios patrimoniales, la recoleccion de los registros y datos es todavia parte de
procedimientos manuales en donde la tecnologia informatica ha resuelto parcialmente la organizacion
y archivo de datos. Sin embargo, otro problema persiste en la forma de estructuracion y archivo de
informacidon sobre sitios patrimoniales, en donde diferentes Instituciones al cuidado y conservacion,
carecen de protocolos establecidos en el almacenamiento y su posterior difusion. De este modo, este
trabajo de investigacion nace de la necesidad de integrar la informacion dispersa, apoyando y
asistiendo la toma de decisiones para la conservacion patrimonial. Este articulo presenta un concepto
de Sistema de informacion Patrimonial (HIS), basado en: (i) compresion del valor patrimonial a
diferentes escalas, (ii) el uso de una base de datos geogréfica, y (iii) un sistema de informacién
geografica (SIG); elementos usados en el desarrollo de un sistema de informacion patrimonial de la
ciudad de Cuenca (Patrimonio de la Humanidad 1999).
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Evaluacion basada en valores, Centro Histérico de Cuenca.

1. HERITAGE DATA MANAGEMENT: CUENCA CITY

Conservation of cultural sites has traditionally been focused on the protection and restoration of
existing monuments and buildings, but nowadays the challenge of heritage conservation is moving
towards the preservation through preventive monitoring and maintenance based strategies
(PRECOMOS, 2007 and 2010). These concepts are not new, they were presented and adopted in 1931
at the First International Congress of Architects and Technicians of Historic Monuments in Athens
(ICOMOS, 1964), and as a function of needs and new insights further improved in subsequent
international charters. Preventive conservation presents advantages as well as challenges. In a strict
sense, it keeps the intervention at a minimum, ensuring the integrity, reducing long term heritage
losses and the financial burden for all stakeholders (Meul and Stulens, 2010). Meeting the concept of
preventive conservation in the city of Cuenca, inscribed on the World Heritage List in 1999, requires
the availability of accurate information on the type, status and cultural value of the numerous heritage
monuments present in the city. In addition, from a preventive conservation perspective, this implies
indicators of material degradation, documentation of (in)adequacy of technical interventions, among
other factors such as risk analysis.

With respect to the heritage information, the city of Cuenca has access to four inventories,
respectively compiled in the periods: 1975 - 1978, 1980 - 1982, 1999 and 2010. Due to the extent of
the heritage assets of the city, the information is vast and very variable. The difference in methods and
techniques of data collection and the intellectual property rights claimed by each heritage data
collecting department (e.g. the Historic and Heritage Department, Cadastral Department, Control
Department, etc.), even if belonging to the same institution (e.g. the municipality), strongly hinders
the efficient and optimal use of the available heritage information. Differences in the approach and the
type of collected data are according to Santana-Quintero and Addison (2007) due to:

v The non-existence of standard procedures for data collection, the difference in the way heritage
information is referenced and stored, and the variety of used techniques for data collection and
storage (Letellier, 2007). All these factors strongly contribute to the heterogeneity and
incompatibility of collected heritage information.

v The lack and/or non-existence of communication and openness on sharing heritage information
between the data collectors (the National Institute of Cultural Heritage, the Municipality, and
the different departments of the Universities) and stakeholders resulted in effort duplication and
the inefficient use of financial resources.

v The use of different commercial software hinders the accessibility and the integration of the
variety of information between stakeholders.

v The inexistence of measures to secure, archive and systematically update information,
something highly important when dealing with digital information.

v The interoperability problems between the available data systems of the city of Cuenca.

In summary, for the city of Cuenca and many other cities with rich cultural heritage but situated in
less developed and economic emerging countries, the dispersion of heritage information and the way
data are stored and handled clearly demonstrate the inefficient use of the scarce financial resources for
the management of heritage information. In addition to standardization of procedures, more cost-
effective data collection and processing requires clear guidelines of “who”, “what” and “how”
heritage data have to be gathered and stored in a powerful data management system. Doing so enables
an easy retrieval and data processing for a variety of applications and analyses in support of decision-
making.

To improve the future preservation and conservation of the heritage richness of the city of
Cuenca, this paper presents a conceptual model of a Heritage Information System (HIS). The starting
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hypothesis of the HIS is the systems availability to handle large amounts of heritage information
collected and to be processed at different scales, varying from the city scale to minor scales of a
heritage building. The introduction of a top down approach will enable the spatial location of heritage
monuments in a wider archaeological context and the integration of details in a larger geo-scale, as
often applied in archaeological studies. The final goal of the HIS is improving the management of the
city’s heritage property under a preventive conservation approach (Bansal and Pal, 2009).

2. STATE-OF-THE-ART OF HERITAGE INFORMATION SYSTEMS

To surpass the possible connotation with geo-localized data, the concept on which geographic
information systems (GIS) are based, in this research the term Information System (IS) was selected
as to underline that in addition to the geo-localization of heritage sites, the main emphasis is on the
attribute data of the site. According to Meyer et al. (2007) an Information System stands for a
combination of diverse types of data (recorded in databases) accessible through an interface proposed
by the system. The quality of this system can be estimated by its capacity to manage and present
information in a useful and efficient way. However, the main emphasis for the current research is on
how to make such a system useful for the management of heritage information, therefore it is
important to consider the theoretical overview of heritage management inferences in association with
the IS.

In light to previous a good overview on the management of heritage sites was given by Santana-
Quintero and Addison (2007). Their paper reflects the importance of good decisions in conservation,
which fundamentally requires the availability of appropriate information. In this regard, digital tools
and information systems might help with the storage and retrieval of relevant information, the
processing of this information for a more adequate and coherent management of cultural heritage, and
the presentation of this information in public exhibitions, vulgarization leaflets and scientific
documents (Santana-Quintero and Addison, 2007). Moreover, different publications presented during
the International Symposium on Heritage Recording & Information Management in the Digital Age
(SMARTDoc Heritage) held in Philadelphia, USA, in 2010, and summarized in the Heritage Journal
“Change over Time” (Santana-Quintero and Vileikis, 2011), state that IS in the field of heritage
mainly is used for the monitoring of archaeological sites and the management of landscape
applications. This explains that IS in most projects is used for the management of large scale data,
rather than at small scales as for example historic buildings for the storage, retrieval and management
of constitutive elements such as walls, structures, architectural decorations, etc. Recently, important
database developments for the storage, processing and management of small scale heritage
information were made by the Politecnico di Milano (Italy) and Monumentenwacht (Belgium). The
latter is a Flemish non-governmental institution with the mission to empower, stimulate, inform and
support its members (owners, managers and custodians) to care for and preserve their cultural
heritage. The institution started in 2007 with the development of the database MAKSin (Meul and
Stulens, 2010) to facilitate the recording and reporting of cultural and historic heritage information
(Stulens, 2000). Whereas the database is continuously improved by incorporating new fields and
evaluation parameters, the IS for the processing and analysis of data has not yet been developed. In
this context, this paper presents a concept of Heritage Information System applied to heritage data of
the city of Cuenca, which, after physical implementation, could constitute a useful tool for the
heritage management of World Heritage Sites.

3. A HERITAGE INFORMATION SYSTEM FOR CUENCA’s HISTORIC CITY CENTRE

To develop a system of good quality, usefulness and efficiency need to be ensured. A use-based
approach is therefore preferred to a data-driven or a software-driven approach. This implies
understanding of heritage information requirements and questions. The strategy followed for the
development of the conceptual HIS is guided by the following two principles: (i) consultation of the
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stakeholders (the users of the system) to account for their interest and needs, and (ii) offering the
potential of a data management platform for heritage purposes.

Table 1. Users of heritage information, their competences, main tasks functions, GIS competences
and access modality.

COMPETENCES/ MAIN TASKS GIS
STAKEHOLDERS USER PROFILE FUNCTIONS COMPETENCES ACCESS
Municipality Architects Input information Advanced GIS Desktop GIS
Civil Engineers View-Search-Extract users Web-GIS
Conservators Data (intranet)
Archaeologists Management
National Institute Aurt historians Input information No expertise with  Desktop GIS
of Cultural Conservators View-Search-Extract the GIS Web-GIS
Heritage (INPC) Architects Data (intranet)
Archaeologists Management
Citizens Different View-Search-Extract No expertise with  Web-GIS
backgrounds Data the GIS (intranet-
Input monitoring restricted access).
Information
maintenance
UCuenca-Project Students Input information Advanced GIS Web-GIS
Citypres Researchers View-Search-Extract users (intranet-
Data restricted access)
Architects Input information Advanced GIS Desktop GIS
Civil Engineers View-Search-Extract users Web-GIS
GIS experts Data (intranet)
Conservators Management
Staff vlirCPM Analysis (monitoring
project tool for others)
Tourists Different View-Search-Extract No expertise with  Web-GIS
backgrounds Data the GIS (intranet-
Input opinions of restricted access)
tourists
Researchers Architects View-Search-Extract Advanced GIS Web-GIS
Civil Engineers Data users (intranet-
GIS experts Input of world-wide restricted access)
Conservators research “experiences”
Archaeologist in heritage
3.1. Data sharing and users of the system

Dissemination of heritage data is recognized as a most effective way to assure heritage conservation.
This requires that the HIS has the capability that multiple users simultaneously can view, update or
share, and manage information (Pepi, 2007). Therefore the data management system has to be very
accessible, yet secure. Table 1 provides a structural overview of the main competences, tasks, and
access modality of the users of heritage information, with application to the city of Cuenca. A
schematic drawing of who provides and handles what information is depicted in Fig. 1 (Meyer et al.,
2007). Data providers are the municipal departments directly and indirectly involved in heritage
matters, the National Institute of Cultural Heritage, and university research units with activities in the
heritage sector, such as the VLIR Project World Heritage City Preservation Management (vlirCPM)
between the KU Leuven and the University of Cuenca. Some of the data providers are also using the
stored information for the production of output in various forms and the conduct of risk analysis. To
avoid conflicts in the system due to interferences between users requires proper control of all possible
actions. This is modeled through use cases. An example is illustrated in the UML* Use Case Diagram
depicted in the lower part of Fig. 1. An important additional feature to be incorporated in the HIS, not

1 UML: Unified Modeling Language
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shown in Fig. 1, is the preservation of the electronic information, an issue not consistently addressed
in many information systems (Santana-Quintero and Addison, 2007).
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' . [ Define activity Define functional |
Define use cases : :
| ] diagrams L diagrams J

SCOPE FOR THE IDEAL SYSTEM IN CUENCA:

‘\ RECORDING AND DOCUMENTING

DATA STRUCTURING

VISUALIZATION / SHARE

RISKMANAGEMENT

DATA INPUT / UPDATE

1
[ INFORMATION ANALYSIS
l
{
[
l
l

l
|
]
CONTROL J
|
]
|
|

SYSTEM MANAGEMENT
\
A 4
UC3: INFORMATION ANALYSIS DESKTOP GIS
% ( P.C. Approach \
— { Analysic Output

Reports /
alarms

CONSERVATION

g ™ ¥
Diagnosis indicators
RESEARCH EXPERT p—— >
{ Therspy J MUNICIPALITY
— Input new™\ INPC
Control ‘ > data T
% Manage database —>

GIS EXPERT /~ P.CApproach |\

‘: Analysis I

T PR 2
‘ Diagnosis | - Access %
% > —WJD Control
Therapy
P 2

ADMINISTRATOR

CONSERVATION | control |

EXPERT \:/

Figure 1. Scope of the ideal HIS for Cuenca (upper), and example of a Use Case diagram (UML)
used a blueprint for the heritage information analysis (Heras, 2009).

3.2. Heritage Management Platform
Architecture of the HIS

The prototype of the Architecture of the Heritage Information System is based on the Three-Tier
Architecture, a client-server in which the different processes are embedded in distinct layers. The first
layer in the three-tier architecture corresponds to the Access, the second to the Application
Management, and the third layer to the Data Management. The access layer in the conceptual HIS for
the management of the heritage of the city of Cuenca contains two interfaces: (i) the desktop GIS,
where the “users” will be able to input, manage and analyze heritage information, and (ii) web-GIS
for the “other type of users”, it means the common citizens or external users (e.g. researchers) who
should have the possibility to access and use the heritage information generated in the system. The
applications are performed and maintained in the second layer, the application management layer. In
the particular case of the multitude and diversity of heritage elements in the city of Cuenca four
modules are projected in this layer. The functionality of each of the modules are:
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v The Catalog Services which mainly takes care of the display of information and the
maintenance of the “metadata” in the system.

v The objective of the Geo-Services module is the management, maintenance and display of
images, maps and plans which require correct geo-referencing in line with the pre-established
geographical datum. This module will also accomplish services related to solve queries, extract
data, display and show features, multimedia, etc.

v The Analysis Services constitutes a major module representing the intelligence kernel of the
HIS, with tasks the evaluation and the derivation of logical decisions using stored heritage data.

v The Access Control Services basically provides the rights to the system in function of the user
qualification.

The third tier or the Data Management layer handles mainly the internal and external databases. In
both cases special attention is given to the information reliability, according to Heras (2009) a crucial
factor. The architecture of the HIS is shown in Fig. 2.

Databases

The choice of database system in the HIS was constrained by the type of databases used in the
institutions dealing with and managing heritage information, the type and nature of the data (very
huge variety of data type even within the same institution), the knowledge and capacity level of
personnel, and the technical problems most institutions face. The factors affecting the choice of
database system are: the nature and volume of the data, database structure factors, lack of direct
access, clumsy primary keys, data storage factors, related data dispersed available on hardware,
business environment factors, limited data access and data access operations (Gillenson, 2005). Given
previous and considering the nature of heritage data preference in the conceptual structure of the HIS
was given to geodatabase (GDB) of Microsoft Access. This database guarantees the support of feature
classes, images and attributes (stored information) of historic elements and small segments of larger
heritage entities. It is evident given the probability that different users simultaneously consult the HIS
that the system is implemented in a multi-user relational database (Oracle, MySQL, etc.), requiring
the support of a computer engineer.

Test and validation of the HIS: Maps / Analysis module

Once the conceptual model and technical elements were identified, a small test was executed. The
generated maps aim to support the decision-making through the analysis of different information such
as risks, values, etc. The GIS analysis is a process which looks at geographic patterns in the data and
at relationships between features (Andy, 1999). For the analysis phase ArcGIS Modelbuilder (ArcGIS
9.2) was used, enabling a systematically and documented processing of successive operations
(addition, crop, proximity, etc.). The test analysis, as mentioned before, was planned at different
scales permitting a comprehensive assessment of the current situation of heritage sites, including an
analysis of the relation of these sites to a wider gamma of important factors in their heritage
environment (threats/values).

Archaeological analysis (city scale). To guarantee the correct placement of the heritage sites within
the archaeological context of the region, the analysis deals with: (i) the hypothetical archaeological
map of the city covering the ancient settlements of the Cafiaris and Incas in the territory, and (ii) the in
2006 updated cadastral map of the city. The analysis will provide the number and the location of
parcels that require an archaeological prospection before the permission for an intervention can be
issued. Figure 3 gives an overlay of the current cadastral map of the city and the area in which plots
possess archaeological remains. A similar analysis can be conducted, for example between a
hypothetical archaeological map and the map presenting the state of the roads in the historical centre
of the city. The output of such an analysis will yield a map showing the roads that should be subjected
to an archaeological survey before any intervention.
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Figure 2. Architecture of the Heritage Information System Cuenca (Heras, 2009).
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Figure 3. Map of Cuenca City depicting the result of the overlay analysis between the zone with archaeological settlements and the 2006 cadastral map
(Heras, 2009).
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Building elements analysis (detailed scale). The main added value of the research presented herein is
the use of GIS at the level of small heritage elements, such as small structure, walls, roof, architectural
decorations, etc. The HIS enables analyzing single components of a heritage building, and to place it
in the wider cadre of the city of Cuenca, contributing to a more coherent preservation and
conservation of single elements.

The proposed HIS is implemented on a heritage building of the city of Cuenca called the
“Escuela Central”. The building consists of a 2-story house, featuring three important historical
periods linked to different uses. Figure 4, depicting a top view, it shows the ground floor of the
building. The building elements are represented by polygons, lines and points, and linked to the
geodatabase. Apart from expressing geographical features as vectors within the GIS, the analysis
focused on the evaluation of heritage elements requiring urgent attention due to a combination of
factors, such as: heritage values (Stovel, 2007), risks assessment (Waller, 1995) and the state of
conservation (World Heritage Committee, 2007). The result shown in Fig. 4 will orient the tenant,
owner and city heritage managers to focus joint efforts on those parts or elements that are most at risk
and most valued.

4. CONCLUSIONS

Introduction of the preventive conservation concept in a Heritage Information System opens the
possibility to better monitor and manage heritage elements, and this within the archaeological context
of the site. The case study, the HIS for Historic Centre of Cuenca showed the capabilities of such a
system, able of analyzing simultaneously different types of data, at different scales. Moreover, it
provides ad-hoc monitoring possibilities enhancing the ability to share information, documentation
and decision-making. Whereas the presented analysis is a theoretical exercise the next steps in the
research after some preliminary tests, to identify if the conceptual design of the data information
system needs further improvements, will be the construction and implementation of the information
system. It is evident that parallel to the development of the system didactic manuals are drafted and
that personnel of the different institutions dealing with heritage preservation and conservation are
subjected to training in the HIS. Last but not least the HIS enables the inclusion and exploration of
new tools in response to future needs, such as the identification of risks, the development of
mitigation strategies and control actions, among others, defining for each solution alternatives and
balancing the estimated costs to the available financial resources for heritage conservation, assisting
the decision-making process. Given the wider context in which measures can be identified, the HIS
system will assure that in future the heritage managers of the city of Cuenca will define conservation
measures and strategies coherent with the cultural and historic value(s) of the World Heritage
character of the city.
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