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As part of a project with very ambitious goals (LandCRAFT - the sociocultural contexts of art from Recent
Prehistory in the Coa Valley), the authors were entrusted with tasks related to the conservation of a large
set of rock art sites. In order to achieve these goals, and given their complexity, a standardized inspection
and measurement strategy was designed to determine the degree of vulnerability and risk of this group
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Conservation In a research area in which proposals and bibliographic references are particularly rare, the developed

Protection formula has reached such a high level of complexity and interest that its publication and submission to

Rf’Ck art the analysis and criticism of the scientific community has been deemed necessary. Indeed, we consider

\ljljll;erabilit that scientific dissemination could not only improve this formula but also turn it into a useful tool for
Y public use.

Hazardousness

Consequently, we would like to present here the first version of VuRA (Vulnerability of Rock Art), an
integrated set of record sheets aimed at determining vulnerability and risk in rock art sites. This proposal
combines detailed field observation with territorial information and the support of data offered by other
disciplines (archaeology, chemistry, geotechnics, etc.), with a level of detail and complexity that can be
regulated by the editors, depending on the objectives of the study. In the case of the LandCRAFT project,
VUuRA was used to define in detail the management strategies (protection, presentation, conservation, etc.)

of the set of sites covered by the project.
© 2025 The Authors. Published by Elsevier Masson SAS. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

It is not the purpose of this paper to discuss the seriousness of
the deterioration affecting rock art sites; therefore, we will leave
this task to experts on the issue [1] and simply assume the reality
of the difficult situation rock art is facing. Nevertheless, given our
experience and responsibilities in this field, we consider ourselves
capable of contributing new ideas to help tackle this problem, so
we will make some suggestions in the following pages. Perhaps as
a second premise, in which we also agree with the aforementioned
authors [1], we affirm that it is necessary to renew, or even rein-
vent, the models of rock art heritage management, at least in the
geographies we know. Along the same lines, we have also partic-
ipated in the elaboration of an innovative reflection document [2]
whose reading may complement some of the ideas expressed in
this paper.

* Corresponding author at: R/ Santiago 19, 2, 36202 Vigo Spain.
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vera.mcaetano@gmail.com (V.M. Caetano).
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When dealing with cultural heritage management, three inter-
related fields of action are usually distinguished [3]: 1) its knowl-
edge, quantification and valuation; 2) its protection, through a
wide range of strategies; and 3) its dissemination and public use,
to foster its social appreciation as well as the benefit of local com-
munities. This article discusses points 1 and 2 and argues that for
the design of effective protection policies it is essential to have an
updated catalogue of archaeological sites, with very detailed infor-
mation on their state of conservation and future risks. Otherwise,
as we have often seen, any potential actions implemented will not
respond to real needs and will therefore be ineffective. Unfortu-
nately, however, there are few examples of cultural heritage man-
agement strategies which take into account the site’s state of con-
servation and the level of risk to which it is exposed.

In the literature related to risk [4], two complementary con-
cepts are defined: vulnerability (characteristics and state of the ob-
ject) and hazard (factors that can cause deterioration). Both are
necessary for the quantification of risk and for the design of pro-
tection strategies: vulnerability allows the correction of the object’s
weaknesses; knowledge of hazardousness facilitates the control of
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degradation factors. To define the joint study of vulnerability, haz-
ard and risk at rock art sites we use the term ‘Vulnerability Report’
[5].

However, it should be noted that there is a certain imbalance in
the level of research on these two items, with a reasonable number
of studies applied to vulnerability and far fewer aimed at studying
hazard.

Indeed, as already stated, it is possible to consult a considerable
number of proposals for the characterisation and diagnosis (vul-
nerability) of groups of sites with rock art. We could even divide
them into different categories: on the one hand, mere diagnostic
systems (determination of types of degradation and their degree
of severity) [6,7]; on the other hand, more ambitious proposals
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aimed at cataloguing and recording [8] and even others which sug-
gest specific conservation and protection actions [9,10]. However,
all of them share a weakness: they are designed on the basis of
the recording of visible pathologies, proposing, in the best of cases,
actions to correct them. Consequently, this methodology is insuffi-
cient when it comes to preventing alteration: it is also necessary
to consider risk assessment and, therefore, hazard studies.

The proposal presented in this paper (VuRA) was designed and
tested in parallel to a rock art research project [11] in which
we participated as part of the conservation team. The LandCRAFT
project aimed at improving the study and characterisation of a
- little known - group of shelters with post-Palaeolithic rock art
(Fig. 1), located in the same area as the magnificent Palaeolithic

Fig. 1. Above left, map of the Iberian Peninsula showing the location of the study area; on the right, landscape (Cda river) from Ribeira de Piscos site; below, prehistoric

paintings of Poco Torto site.
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art group of Foz Cda (UNESCO World Heritage). The study currently
covers a set of 11 shelters, and our team was entrusted with the
“production of site management plans based on-site diagnosis”, for
which we developed the VuRA tool.

2. Research aim

The aim was to design and test a comprehensive system for
recording and processing information which would allow us to
find out not only the current state of conservation but also the
possible future evolution of a set of sites with rock art. This sys-
tem should accumulate observations on the sensitivity of the ob-
ject, the state of conservation and the potential impact of different
agents of degradation in order to quantify the potential level of de-
grading impact on the site.

Taking this as a departing point, the tool should facilitate the
design of measures to correct and control deterioration (manage-
ment). To meet this objective, and taking into account other similar
experiences, a system of record sheets was designed and applied to
all the sites. This has enabled us to test the validity of the method,
while awaiting its evolution and improvement.

3. Materials and methods
3.1. Risk

As indicated above, the level of risk is obtained (either by ad-
dition or multiplication) from the values of vulnerability and haz-
ardousness, so the quantification of both is the most essential pre-
vious task. The existence of interesting experiences in the study
of the vulnerability of rock art was also acknowledged, but more
scarcely in the case of hazardousness, which explains the lesser
development of risk studies in archaeological heritage.

In turn, hazardousness can be approached at two levels: terri-
torial and local. The first refers to the study of factors that affect
a more or less wide geographical area and that equally influence
a diverse set of heritage sites. These data (e.g. climate, seismicity,
etc.) are often obtained from public and even geo-referenced infor-
mation sources and can be incorporated into GIS applications. In
parallel, the study of hazard at the local level tries to offer an ac-
curate quantification of these factors on a smaller scale, almost al-
ways unique to individual sites (e.g. microclimate). A study of this
type requires very detailed quantification (inspection and measure-
ment) processes that are not always feasible in financial and tem-
poral terms.

Moreover, and obviously, in order to quantify hazard it is es-
sential to establish a list of the deterioration factors that can in-
teract with the cultural property. In the field of preventive con-
servation (movable heritage), a list of ten factors has been consol-
idated [12,13]. Despite its interest, and at least when applied to
immovable heritage, this list seems incomplete and gives excessive
prominence to some scarcely relevant agents, while other propos-
als [14] seem more interesting for the study of archaeological her-
itage. As a result of the combination of both proposals, we have
decided to use a list of nine factors: biological, hydric, climatic,
geo-structural, contamination, fire, light and anthropic (direct and
indirect).

Perhaps the best and most ambitious example of territorial haz-
ard quantification is the Risk Charter developed in Italy by the Isti-
tuto Superiore per la Conservazione ed il Restauro [15]. It is an early
and innovative risk assessment project, covering the whole coun-
try and all immovable cultural heritage. Although it can incorpo-
rate individual vulnerability [16] and thus risk reports for specific
sites, it is undoubtedly a very good example of the application of
GIS formulas for the knowledge of territorial hazardousness.
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With regard to risk calculation models [17], some predictive
ones have been extensively explored in the field of Conservation
[18,19]. Departing from a differentiated analysis of ten hazard fac-
tors, three different items are assessed: (A) the frequency of that
factor, (B) the degree of potential impact on each object, and (C)
the proportion of impact on the set of objects in a collection. The
magnitude of the risk is simply the sum of A, B and C. The diffi-
culties this method faces are diverse: it requires a good knowledge
of hazardousness (alteration factors involved and their future evo-
lution), but also an accurate estimation of the impact on the diver-
sity of materials that constitute the cultural heritage site (vulner-
ability). All these reasons might explain why these methodologies
have been mostly applied to the field of museum collections and
not so much to the analysis of monuments and immovable sites,
although there are some interesting examples of the implementa-
tion of the model to this area [20].

The examples are less common when it comes to immovable
heritage, even though there are some of them which are some-
times limited to one site [21] and some others that have more
generalising pretensions [22]. In both cases, the approaches to vul-
nerability and hazard are extraordinarily ambitious and accurate.

Another interesting example, in this case because of its sim-
plicity, is the Art-Risk [23,24] application, also designed for archi-
tectural heritage. It is basically a form to be filled in by the user
with relevant information on vulnerability as well as on local and
territorial hazardousness. As for territorial hazard, this means geo-
referenced information (geotechnics, rainfall, thermal stress, etc.)
that is incorporated into the risk calculation after entering the geo-
graphical coordinates of the building. The output variables provide
results which can be used as a guide in terms of conservation and
maintenance actions.

In the field of rock art, special attention should be given to
a very interesting study on the Palaeolithic site of Foz C6a [25],
where risk estimation is established taking into account both vul-
nerability observations and some local hazard factors. On this ba-
sis, an “intervention urgency scale” is proposed for the sites stud-
ied. Despite its simplicity, we believe that it is very close to the
premises of our proposal: “the intervention urgency scale is proposed
as a method to prioritize future conservation work to be done in the
sizeable Coa Valley open-air rock-art complex”.

Based on the study of a significant amount of the experiences
described so far, the creation of VuRA was aimed at designing a
recording system that, on a single platform, would make it possi-
ble to consult information about both state of conservation and fu-
ture risk, what we have called “Vulnerability Report”. This, in turn,
would enable us to outline any management actions needed to en-
sure the adequate protection of the sites studied (Fig. 2).

As the fieldwork process progressed, some amendments were
made to both the sheets used and the data contained therein in
order to improve their original design by adding some informa-
tion that we considered relevant to the achievement of our objec-
tives. It should also be noted that, in accordance with the strategic
lines of the LandCRAFT project, all the information was organised
on three levels of observation, of decreasing extension: 1) territo-
rial setting; 2) the site (the whole set of shelters, and panels) and
3) the individual panel with prehistoric art.

Nine sheets were designed: six to be completed during the field
study phase, and three additional ones, with semi-automatic calcu-
lation (Table 1):

o Sheet 1, General; a description of the geographical and legal
context of the sites, as well as references to previous actions
and the management and maintenance system.

e Sheet 2, Territorial setting; a detailed record of the informa-
tion relating to the site’s surroundings: geomorphology and re-
lief, hydrology, land use, type of access and the visitor system,
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In situ registration

and documentation

General information

Landscape & environmental report

Shelter report
Pictorial panel report

Measurement

Diagnosis
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Vulnerabilit

Observed degradation

Management

Significance

Fig. 2. Set (and phases) of VuRA system record sheets.

Table 1
Forms and main information registered in the VuRA system.

1. General 2. Landscape

shelter panel

Geographical
data

Description Measures

3. Rock 4.Pictorial 5. Measurement 6. Diagnosis

Aspect, evidence

7. Risk 8. Value 9. Actions

Alteration

Economic Conserv. actions

and risk
observed

Lithology Descript. Degradation factor Sensitivity Aesthetic Maintenance
Drainage Degradation process - Symbolic  Monitorization
Historical Geologic — L
S Active? Scientific
Past actions Techniq. Affects
(pictorial) Obser. visitors?
Current Art Risks Climate
managem. quality change?
. Sudden
Inlt!al conservation Sensitivity
actions
Monitorization Diagnosis
EESERE Significance
value
Al Management
context

as well as the presence of pollution sources and other types
of threats that may occur in the environment. It also includes
some territorial information: climate, seismicity, etc.

o Sheet 3, Outcrop/shelter; a record of the characteristics of the
rocky outcrop/shelter under study and, in detail, the character-
istics of the lithological support.

o Sheet 4, Panel; a detailed record of the technical characteristics
of the prehistoric art, and very specifically the levels of expo-
sure (sunlight and water drainage) determined by the orienta-
tion and slope of the surfaces; or the type of protection offered
by their geomorphological setting. The relevance, visibility and
state of the prehistoric painting are also assessed. In our case,
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much of this information was complemented by the analyses
carried out by another LandCRAFT project team [26].

Sheet 5, Local measurement of agents: this sheet describes the
various processes of (local) measurement of alteration factors
at each of the sites. In the LandCRAFT project, complemen-
tary measurements of local disturbance factors [26] (microcli-
mate, pollutants, structural stability, water composition, insola-
tion, etc.) were carried out. The VuRA approach allows for the
incorporation of this local information, but can work without it,
relying exclusively on territorial information. In this case, local
measurements were not carried out on all sites, so they have
not been used for the risk calculation (Fig. 3).



E Carrera-Ramirez and V.M. Caetano

Ribeirinha site, panel 1 -

13 july 20225 18,00 h; Ambiental conditions: 41% 13% HR

Journal of Cultural Heritage 77 (2026) 117-126

Fig. 3. Rock surface temperature at two times (11.30 and 18.00) on a hot day (July, 2022) at the Ribeirinha site.

e Sheet 6, Diagnosis: a detailed record is made of pathologies at
all levels (environment, shelter, panel), determining the agent
and the cause, the level of incidence (extent and intensity) and
the probability of reproduction of the processes. Finally, it in-
cludes the measures proposed for the correction of these alter-
ations, in three areas: initial corrective measures, maintenance
and monitoring actions.

o Sheet 7, Risk; it automatically performs calculations for risk es-
timation at each site.

o Sheet 8, Heritage Value; it is used to estimate the heritage
value of the site, using both information recorded in the pre-
vious sheets and data obtained from questionnaires completed
by the researchers participating in the project.

e Sheet 9, Actions; it automatically produces an orderly proposal
of conservation and protection actions for each site.

All this information has been organised into a Microsoft Ex-
cel file (one for each site studied), in which each of the proposed
sheets (1 to 9) corresponds to a separate sheet in the Excel file.
Sheets 1 to 6 have been completed in the field, through inspections
and measurements carried out directly at the archaeological sites.
Sheets 7, 8 and 9, meanwhile, are based on the previous sheets and
provide automatic calculations based on the information recorded.

We will not offer here a detailed description of the information
recorded in each record sheet, nor on the - very exhaustive - diag-
nostic form, since this paper is specifically aimed at describing the
risk estimation method. Even though it is not an essential element
of this calculation, it is necessary to point out that the so-called
“observed risks” are initially analysed. This refers to the assess-
ment made during the diagnostic process (sheet 6, Diagnosis), and
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responds specifically to the possibility of reproduction of the iden-
tified deterioration processes, in terms of probability and potential
impact. Moreover, complementary information on these risks is re-
quested, covering the potential impact on visitors, whether they
can be considered sudden events and, finally, whether they can be
related to the effects of climate change.

The actual risk calculation is carried out in another sheet (7,
Risk) based on the data collected in the rest of the sheets. Thus,
for each of the 9 deterioration factors considered, the data are in-
tegrated into a calculation matrix, using four elements of analysis:

o Vulnerability:
e Observed degradation (diagnosis): impact and risk observed
so far;
e Sensitivity: intrinsic characteristics of materials, techniques,
site or environment;
» Hazard:
» Evidence (or quantification) of each of the degradation fac-
tors.
o Exposure: complementary factor that facilitates or cooper-
ates in the agent’s action;

The number of items considered for calculating the risk associ-
ated (Table 2) with each agent is variable, although we are obvi-
ously aware that this number will need to be reviewed and prob-
ably increased in the future.

The calculation of the risk (for each factor, Rx) is obtained from
the product of the four variables, and is in turn related to the max-
imum risk (Rmax), using the following rules:

1.1) Initial risk, for each factor (iRx) = (1 x 2*3 x 4)
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Table 2
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Information used for the quantification of the risk by water/moisture (all values from 0 to 4 (0-1, low risk; 1-2, medium risk; 2-3, high risk; 3-4,

very high risk).

Vulnerability Hazard Risk
. sis s Territorial (or o
Observed degradation Sensitivity measured) Exposition
- (Far)
gevemy 9 f 2,7 Porosity 1,0 Climate 3,0 superficial 4,0
egradation
water
Level of
Observed risk 2,7 (phisical) 3,0 Rain 40 Water 1,0 2,7
. drainage
protection
. Possibility of Solar
‘Wear resistance 3,0 flooding 4,0 exposition 2.7
Superficial ]
water 1,0 Water impact 3,0
Water run-off 2,5 High risk

1.2) Maximum risk (Rmax) = (1 x 2*3 x 4), when all values=4
1.3) Final risk (for each factor, Rx) = (4*(iRx/Rmax))
1.4) General risk of the site = average of (nine) Rx

The calculations are always scaled to a range between 0 and 4,
where 0 to 1 is low risk; 1 to 2 is medium risk; 2 to 3 is high risk
and 3 to 4 is very high risk. In order to adjust the initial results
(Rx, Rmax) to this scale, a linear interpolation of the results has
been performed in calculations 3 and 4.

3.2. Management

The outline of management and protection strategies was in-
tended to meet two requirements: on the one hand, the material
conservation of prehistoric art in the territory covered by the Land-
CRAFT project; on the second hand, the design of a plan to improve
social recognition of this site through the creation of a programme
for the management of public visits. We consider that, in order to
preserve this exceptional treasure, it is essential that both the lo-
cal community and visitors appreciate and integrate it into their
personal heritage.

Thus, the first task was to select the sites that could benefit
from a public visit programme. This strategy used a methodology
which had already been applied to other archaeological typologies
[27,28], based on the register items indicated so far. It is assumed
that for the presentation of a heritage site, not only the best pre-
served sites should be selected (diagnosis and risk), but also those
with a higher heritage value. In other words, those whose cultural
significance allows them to be considered relevant for the society.
This value will not only justify their selection, but will also facil-
itate the definition of objectives and strategies for their manage-
ment [29]. Basically, this means defining the criteria to be applied
in order to decide which sites should be shown to the public, but
also determining the extent of this exposure and even the argu-
ments for it.

A quantification of the cultural heritage value (HV) of the sites
studied was initially carried out. At this point, it should be noted
that although there are many approaches to this question, we have
long been using the criteria proposed by Lipe [30]: symbolic, sci-
entific, aesthetic and economic value. Following this model, some
information recorded in the sheets (Table 1) was automatically in-
corporated (sheet 8, heritage value). In addition, for more complex
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elements, a questionnaire (with a total of 30 items of a very di-
verse nature) was completed by the members of the research team.

This information was used to calculate two indexes: Al (actions
index) and HEI (cultural heritage efficiency index), which were ob-
tained from the following information:

o Average of complexity and urgency of protection and conserva-
tion actions (PA)

o Average of complexity and urgency of exhibition (presentation)
actions (EA);

o Number of protection and conservation actions (PN);

o Number of exhibition actions (EN).

And from there:

« Al = (PA*PN) | (EA*EN)
« HEI = HV | Al

In order to separate both groups (protection vs. exhibition) a
limit of 1 has been established for HEI and 2 for HV. When both
indexes go beyond these values, exhibition is proposed; otherwise,
mere protection (and preventive conservation) of the site is pro-
posed.

4. Results
4.1. Risk

Table 3 and Fig. 4 show the results of the risk calculation for all
the sites studied. Given the technical characteristics of the paint-
ings and the degradation processes which affect them, the “radia-
tion” factor has not been used in this project, as we consider its
potential impact to be negligible. Only the possible thermal impact
of solar radiation has been taken into account; it has been incor-
porated into the “climate” factor.

The data are reasonably homogeneous, slightly above 2 (aver-
age 2.2, high risk), with a maximum of 2.4 (Faia). It is obvious
that the use of a large number of quantification elements tends
to homogenise the results. In general, the most decisive/influential
factors seem to be climatic and geo-structural, while those linked
to human action are surprisingly moderate. The permanent impor-
tance of the climatic (and hydric) factor is related to the natural
processes of crust formation, one of the most common in the site.

However, the maximum values at each site show the relevance
of other, site-specific factors. The low values of some common risks
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(A) Risks (VURA ) in LandCRAFT sites
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Fig. 4. Results of risk calculations: (A) observed and calculated risks, and total degradation at all LandCRAFT sites; (B) observed and calculated risks at one site (Vale
Figueira); (C) observed and calculated indirect anthropic risk at all sites.
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Table 3
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Calculated risks (VuRA) in the sites studied in LandCRAFT project, all values from 0 to 4 (0-1, low risk; 1-
2, medium risk; 2-3, high risk; 3-4, very high risk). 1. Castelejo, 2. Colmeal, 3. Ervideiro, 4. Faia, 5. Lapas
Cabreiras, 6. Pogo Torto, 7. Ribeira de Piscos, 8. Ribeirinha, 9. Sdo Gabriel, 10. Vale Figueira, 11. Vale Videiro.

1 2 3 4 5 6 7 8 9 10 1 Avg
Biology 20 24 22 23 20 20 1,9 21 25 20 19 21
Water 24 24 28 24 20 22 24 16 25 22 22 23
Climate 29 21 22 24 20 27 28 1,7 23 28 30 24
Pollutants 1,9 22 1,8 20 13 1,9 1,8 12 1,9 1,8 1.8 18
Geo-structural 2,8 1,7 20 20 20 27 23 21 22 25 28 23
Fire 1.8 21 1.8 20 21 2,1 19 23 1.8 21 22 20
Anthropic (direct) 1.8 26 18 18 20 20 20 20 19 19 19 20
Anthropic (indirect) 2,0 2,1 1,8 12 21 20 21 25 19 27 29 21
Total 22 22 21 24 2 22 22 20 21 22 23 22
Max 29 26 28 24 21 27 28 25 25 28 30 24
Min 18 1,7 18 12 13 19 18 1,2 18 1,8 18 18

Fig. 5. General view of the Vale Figueira site, on the banks of the river C6a and exposed to flood risk from construction work (indirect anthropic) downstream.

in rock art (fire, pollutants) are probably the result of the socio-
ecological conditions of the environment, with not too lush vege-
tation, not too intensive land use, and little pollution.

For and adequate quantification of risk, it is essential to point
out the difference between the “observed” and the “calculated”
calculation. Fig. 4.A shows the total risk at the sites visited, with
an evident (and misleading) tendency to overestimate the observed
risk. The observed risk is therefore partial data that we link to vul-
nerability, but the relevant information is the calculated risk (vul-
nerability and hazard). Fig. 4.B shows the risks at one site (Vale
Figueira) (Fig. 5), being remarkable the absence of observed risks
in some factors (geo-structural, fire and anthropic direct) that do
not show evidence of damage at present. In this case, the tendency
to overestimate the observed risk is not so pronounced, with some
calculated risks (climate, anthropic indirect) being higher. Fig. 4.C
shows the total risk of a single agent (anthropic indirect) for all
sites. Again, the absence (observed) at some sites is striking, while
the calculated risk is more diverse, with very high (2.9 at Vale
Videiro) but also very low risks (1.2 at Faia) at remote, not easily
accesible sites.

In general, the calculated risks are consistent with the specific
characteristics of each of the sites studied. Thus, in the sites clos-
est to inhabited areas or communication routes, the anthropic risks
increase (Colmeal, Ribeirinha, etc.), while in the more remote sites,
climatic factors are dominant.
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4.2. Management

Table 4 and Fig. 6 show the HV and HEI results for the sites
studied. There is a reasonable difference in the HV of the 11 sites
studied (maximum: 3.1, minimum: 1.2), which in fact derives from
the multiplicity of elements considered and the specific character-
istics of the site. As indicated above, in order to decide which sites
should be exhibited, two requirements were established: the HV
should be greater than 2, and the HEI greater than 1. As a result, it
is proposed not to exhibit Castelejo, Sdo Gabriel and Vale Videiro,
so in these cases, the actions related to public presentation are not
incorporated into the action proposal.

On this basis, we outlined a management strategy for each site.
The system (sheet 9) automatically generates a conservation pro-
tocol and, of course, indications on future maintenance and moni-
toring. Should it be the case that the site is going to be presented
to the public, it will be necessary to carry out a greater number
of actions, including the creation of accesses, information facilities,
etc. However, all sites obviously require conservation and protec-
tion work.

Moreover, in all of the sites, the results of the risk calculation
require the revision and reinforcement of the actions initially pro-
posed, or simply the design of actions not considered until then.
As indicated above, some hazard factors were not identified during
the diagnosis process.
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Table 4
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Heritage value (HV) and heritage efficiency value (HEI) in the sites studied in LandCRAFT project, all
values from O to 4; 1. Castelejo, 2. Colmeal, 3. Ervideiro, 4. Faia, 5. Lapas Cabreiras, 6. Pogo Torto, 7.
Ribeira de Piscos, 8. Ribeirinha, 9. Sdo Gabriel, 10. Vale Figueira, 11. Vale Videiro. Yellow indicates sites
for which no public exhibition is proposed.

1 2 3 4 5 6 7 8 9 10 11 Avg
Economic value 1,0 3,0 0,8 1,2 3,3 2,2 34 2,6 0,9 2,6 0,8 2,0
Aestethic value 1,7 28 28 26 30 26 26 23 1,5 23 1,7 24
Simbolic value 14 26 1,8 31 30 21 24 15 14 20 15 21
Scientific value 1,7 25 32 32 31 28 26 23 1,1 23 23 25
Total HV 1,5 27 21 25 31 24 27 22 12 23 16 22
HEI 19 21 28 1,2 11 67 18 1,8 14 34 14 23

Heritage value and Heritage efficiency index in LandCRAFT sites
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Fig. 6. Results of heritage value and heritage efficiency index calculations at all LandCRAFT sites, all values from O to 4.

5. Final discussion and conclusions

In the case of the LandCRAFT project, the VURA system has
served to standardise, organise and manage a large amount of in-
formation about vulnerability and hazardousness, and finally risk.
Consequently, it has served to outline in detail the management
strategies (protection, presentation, conservation, etc.) of the set of
sites covered by the project. We believe that the VuRA proposal
is an interesting contribution to the management of archaeological
sites with rock art. In general terms, the results are consistent and
adequate for what could have been expected initially.

However, the model is not considered finalised, but a first ver-
sion of a procedure that still needs to be matured and improved.
For example, input is mostly manual and only some calculations
are automatic. Therefore, it is advisable to incorporate more auto-
matic (geo-referenced) data, in a real GIS app, and move towards
expert systems that improve automation. Undoubtedly, this would
be much easier if we had a national (GIS) hazard management tool,
as in the Italian example.

Of course, the factors considered for calculating risk can and
should be reviewed and completed, even by modifying the weight-
ing of some of them. We also consider it necessary to diversify
and provide more details on the proposals for action (which for
the time being are still schematic), even improving the automation
of the relation between actions and calculated risks.

Calculations connected to site management (HV, HEI) have pro-
vided suggestions on the typology of action, but are considered to
be merely advisory: they should be regarded as an initial opinion.
In fact, some sites (Ervideiro, Faia) with high value (and HEI) can-
not really be exhibited given the current constraints (difficult ac-
cess, etc.). The final decision depends on other actors (authorities,
local population, researchers, etc.) who will be able to expand (or
reduce) the ambitions of the proposal. In fact, VuRA is only consid-
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ered a necessary part of a wider group of actions to be organised
in a real management plan for the whole set of sites.

In any case, the development of this tool has helped us to un-
derstand that there is a need and scope for research to promote
much more efficient tools, and also that these tools are of enor-
mous interest to facilitate and improve decisions on the manage-
ment of cultural heritage in general and rock art in particular. In
short, any risk quantification system must consider: 1) the sensi-
tivity of the object to deterioration, its characteristics and state of
conservation; 2) the hazard, the degradation factors present, their
evolution and future probability and 3) the quantification of the
possible impact on the object, the risk. Based on all this, it is im-
portant to adopt some strategies to contain deterioration and risk,
through a wide range of protection and conservation actions. The
future challenges seem to be related to the development of the
three tasks indicated above, especially the last one (quantification
of risk). And for this to be achieved, an ambitious research policy
must be ordered and encouraged:

o Firstly, it is necessary to create risk charts (or maps) that in-
corporate territorial hazardousness into heritage management.
There is a large supply of geo-referenced information sources
for some factors, and even calculation models that can be trans-
ferred to cultural heritage [30]. It is therefore a question of
combining all this information, together with the catalogue of
sites, in GIS applications that offer automatic risk (or at least
hazard) calculations.

In parallel, and especially for persistent risks, it is necessary to
quantify local risk more accurately. This requires the standardi-
sation of agent measurement processes and, more importantly,
the design of mathematical models for estimating risk [31].

It is imperative to design, even on an international scale, vul-
nerability reports that can be produced for all the rock art sites.
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Or, in other words, it seems necessary to standardise catalogu-
ing proposals that incorporate vulnerability;

It is essential to integrate all of the above (hazardousness and
vulnerability) into models that provide automatic risk calcula-
tions, adapted to each site;

Furthermore, in the medium term we might expect to see the
design of expert systems that simplify local inspection to pro-
vide, from geo-referenced locations alone, individual risk esti-
mates [32].

All this, of course, should be very useful to propose protection
and conservation actions adapted to the vulnerability of each site,
which can also be automated. And even, again, advanced through
expert systems [33].

We suggest that all those researchers interested join us in this
essential task.

Funding

The LandCRAFT project (COA/OVD/0055/2019) was financed
with funds from the Portuguese state, through the FCT, Foundation
for Science and Technology, I. P.

Acknowledgements

We would like to express our gratitude to Lara Bacelar, the
LandCRAFT coordinator, for involving us in this exciting project.

References

[1] Neville, A., Deacon, J., Hall, N, Little, T, Sullivan, S. and Tagon, P. (2015):
Rock art: a cultural treasure at risk. Los Angeles: Getty Conservation Insti-
tute. Available at: https://www.getty.edu/conservation/publications_resources/
pdf_publications/pdf/rock_art_cultural_treasure.pdf (accessed: 20/11/2024).
ICOMOS-SpainICOMOS-SPAIN Charter for the integrated management of pre-
historic management of prehistoric rock art and its landscapes, 2023. Avail-
able at https://icomos.es/wp-content/uploads/2023/04/EN_CARTA-CCNAR_V4.
pdf. accessed: 20/11/2024.

J.L. Mejia, Politica para la gestién, proteccién y salvaguarda del patrimonio
cultural. En, in: Compendio De Politicas Culturales, Ministerio de Cul-
tura, Reptblica de Colombia, 2019, pp. 225-247. Avaliable at https://ant.
culturarecreacionydeporte.gov.co/es/3-compendio-de-politicas-culturales  ac-
cesed: 20/11/2024.

X. Romado, E. Paupério, N. Pereira, A framework for the simplified risk analy-
sis of cultural heritage assets, J. Cult. Herit. 20 (2016) 696-708, doi:10.1016/j.
culher.2016.05.007.

F. Carrera-Ramirez, Estrategias para la proteccién: ;como gestionar el riesgo?,
in: JJ (coor) Gordén (Ed.) Actas Del I Encuentro Nacional de Arte Ru-
pestre, Ministerio de Cultura, Madrid, 2022, pp. 171-182. Available at https:
/[libreria.cultura.gob.es/libro/actas-del-i-encuentro-nacional-de-arte-rupestre_
10079/ accesed: 22/11/2024.

F. Carrera-Ramirez, Una ficha para la diagnosis del estado de conservacién
de los petroglifos gallegos, Castrelos: Rev. Mus. Munic. “Quifiones Leén”
9-10 (1997) 91-108 Available at https://www.researchgate.net/publication/
385977496_Una_ficha_para_la_diagnosis_del_estado_de_conservacion_de_los_
petroglifos_gallegos . accessed: 22/11/2024.

R.I. Dorn, D.S. Whitley, N. Villa Cerveny, S.J. Gordon, C. Allen, E. Gutbrod, The
rock art stability index: a new strategy for maximizing the sustainability of
rock art, Herit. Manag. 1 (1) (2008) 35-70, doi:10.1179/hma.2008.1.1.37.

G. Mufioz, ]. Trujillo, The Conservation Diagnostic Process in Colombian Rock-
Art Research, in: T. Darvill, A. Batarda Fernandes (Eds.), Open-Air Rock-Art Con-
servation and Management: State of the Art and Future Perspectives, Rout-
ledge, 2014, pp. 189-200, doi:10.4324/9780203754177.

AS. Hygen, Protection of Rock Art, The Rock Art Project 1996-2005: Final Re-
port from the Directorate for Cultural Heritage, Directorate for Cultural Her-
itage, Oslo, 2006 Available at https://ra.brage.unit.no/ra-xmlui/handle/11250/
175756 accessed: 22/11/2024.

F. Carrera-Ramirez, El Arte Parietal En Monumentos Megaliticos Del Noroeste
Ibérico: Valoracion, diagnéstico, Conservacion, British Archaeological Reports,
International Series, Oxford, 2011, doi:10.30861/9781407307459.

L. Bacelar, S. Gomes, LandCRAFT Special, Kairés. Boletim do Centro de Estu-
dos em Arqueologia, Artes e Ciéncias do Patriménio, 2024 N.° 14. Available
at https://issuu.com/kairosceaacp/docs/kairos_landcrat accessed: 20/11/2024,
doi:10.14195/2184-7193_14.

2

13

[4

[5

[6]

17

[8

9]

(10]

(11]

126

Journal of Cultural Heritage 77 (2026) 117-126

[12] R. Waller, Conservation risk assessment: a strategy for managing resources for
preventive conservation, Stud. Conserv. 39 (sup2) (1994) 12-16 Supplement-
2.12, doi:10.1179/sic.1994.39.

[13] Canadian Conservation Institute, Agents Deterior. (2024) Avaliable at https:

//www.canada.ca/en/conservation-institute/services/agents-deterioration.html .

accessed: 20/11/.

A.M. Ferroni, The vulnerability of the archaeological sites: final Report, P.LS.A.

Project (2002), in: S. Sullivan, R. Mackay (Eds.), Archaeological Sites: Conserva-

tion and Management, Getty Publications, Getty Conservation Institute, 2012,

pp. 174-185.

Istituto Superiore per la Conservazione ed il Restauro (n.d.). Carta Del Rischio

del Patrimonio Culturale. Available at: http://www.cartadelrischio.beniculturali.

it (accesed: 20/11/2024).

C. Cacace, A. Ferroni, Carta del Rischio: la vulnerabilita Archeologica, in: Appa-

rati Musivi Antichi Nell’area Del Mediterraneo. Conservazione programmata e

Recupero, Quaderni di Palazzo Montalbo, Palermo, 2004, pp. 466-472.

[17] AR. Ramalhinho, M.F. Macedo, Cultural heritage risk analysis models: an
overview, Int. J. Conserv. Sci. 10 (1) (2019) 39-58.

[18] S. Michalski, A systematic approach to preservation: description and inte-

gration with other museum activities, Stud. Conserv. 39 (sup2) (1994) 8-11,

doi:10.1179/sic.1994.39.Supplement-2.8.

S. Michalski, J.L. Pedersoli, The ABC Method: a risk management approach

to the preservation of cultural heritage, 2016. Available at https://www.

iccrom.org/publication/abc- method-risk-management-approach-preservation-

cultural-heritage accessed: 20/11/2024.

A. Paolini, A. Vadafari, G. Cesaro, M. Santana, K. Van Valen, O. Vileikis, Risk

Management At Heritage sites: a Case Study of the Petra World Heritage

Site, UNESCO, Paris, 2012 Available at https://unesdoc.unesco.org/ark:/48223/

pf0000217107 accessed: 20/11/2024.

M.L. Gutiérrez-Carrillo, 1. Bestué, E. Molero, M. Marcos, Pathologic and Risk

Analysis of the Lojuela Castle (Granada, Spain): methodology and Preven-

tive Conservation for Medieval Earthen Fortifications, Appl. Sci. 10 (18) (2020)

6491, doi:10.3390/app10186491.

D. Diaz, Disefio de herramientas de evaluacién del riesgo para la conservacién

del patrimonio cultural inmueble. Aplicacién en dos casos de estudio del norte

andino chileno, Publ. Digit. ENCRyM-INAH (2016) Avaliable at https://revistas.

inah.gob.mx/index.php/digitales/article/view/8187/8963. accesed: 20/11/2024.

UPO (n.d.). Art-Risk, Inteligencia Artificial Aplicada a La Conservacién Pre-

ventiva De Edificios Patrimoniales. Avaliable at: https://www.upo.es/investiga/

art-risk-service/art-risk3/index.html (accesed: 20/11/2024).

M. Moreno, R. Ortiz, D. Cagigas-Muiliz, ]. Becerra, J.M. Martin, AJ. Prieto,

M.A. Garrido-Vizuete, .M. Macias-Bernal, P. Ortiz, ART-RISK 3.0 a fuzzy-based

platform that combine GIS and expert assessments for conservation strategies

in cultural heritage, J. Cult. Herit. 55 (2022) 263-276, doi:10.1016/j.culher.2022.

03.012.

A.B. Fernandes, Natural Processes in the Degradation of Open-Air Rock-Art

Sites: An urgency Intervention Scale to Inform conservation: The case of the

Cda Valley, British Archaeological Reports, Oxford, 2014 International Series No

2609, doi:10.30861/9781407312408.

V.M. Caetano, F. Carrera-Ramirez, L. Bacelar, A.B. Fernandes, T. Rivas,

J.A. Pozo-Antonio, Propostas metodolégicas para a conservagio dos si-

tios com Pinturas Rupestres da Pré-Histéria recente no Vale do Cda, Ar-

queol. em Port. 2023-Estado Quest. (2023) 1787-1800 Available at http://
museuarqueologicodocarmo.pt/publicacoes/outras_publicacoes/IV_congresso_

actas/Artigos/G07/Artigo7.3_IVCongAAP.pdf. accessed: 20/11/2024.

F. Carrera-Ramirez, Lonely stones. Preservation of megalithic art in the Iberian

Peninsula, in: T. Darvill, A.P. Batarda (Eds.), Open-air-rock-art Conservation and

Management: State of the Art and Future Perspectives, Rouledge, NY and Lon-

don, 2014, pp. 142-158, doi:10.4324/9780203754177.

S. Wurz, J.H. Van der Merwe, Gauging site sensitivity for sustainable archaeo-

tourism in the Western Cape Province of South Africa, S. Afr. Archaeol. Bull. 60

(181) (2005) 10-19 http://www.jstor.org/stable/3889043.

[29] V. Magar, Managing Rock Art Sites, in: J. McDonald, P. Veth. (Eds.), A Compan-

ion to Rock Art, Wiley Blackwell Companions to Anthropology, 2012, pp. 532-

545, doi:10.1002/9781118253892.

PhD Thesis EJ. Vicente, Disefio De Un Modelo De Riesgo Integral De Incen-

dios Forestales Mediante Técnicas Multicriterio y Su Automatizacién En Sis-

temas De Informacién geografica: Una Aplicacién En La Comunidad Valenciana,

E.T.S.I. Montes (Ed.) Universidad Politécnica de Madrid, 2012. PhD Thesis Avali-

able at https://oa.upm.es/14779/ accesed: 22/11/2024.

P. Choidis, D. Kraniotis, I. Lehtonen, B. Hellum, A modelling approach for the

assessment of climate change impact on the fungal colonization of historic

timber structures, Forests 12 (7) (2021) 819, doi:10.3390/f12070819.

[32] AJ. Prieto, J.M. Macias, MJ. Chivez de Diego, FJ. Alejandre, Expert system for

predicting buildings service life under ISO 31000 standard. Application in ar-

chitectural heritage, J. Cult. Herit. 18 (2016) 209-218, doi:10.1016/j.culher.2015.

10.006.

M. Marzouk, M. ElSharkawy, P. Elsayed, A. Eissa, Resolving deterioration of her-

itage building elements using an expert system, Int. J. Build. Pathol. Adapt. 38

(5) (2020) 721-735, doi:10.1108/1JBPA-12-2019-0106.

[14]

(15]

(16]

(19]

[20]

[21]

(22]

(23]

[24]

[25]

[26]

(27]

(28]

(30]

[31]

[33]


https://doi.org/10.13039/100014340
https://www.getty.edu/conservation/publications_resources/pdf_publications/pdf/rock_art_cultural_treasure.pdf
https://icomos.es/wp-content/uploads/2023/04/EN_CARTA-CCNAR_V4.pdf
https://ant.culturarecreacionydeporte.gov.co/es/3-compendio-de-politicas-culturales
https://doi.org/10.1016/j.culher.2016.05.007
https://libreria.cultura.gob.es/libro/actas-del-i-encuentro-nacional-de-arte-rupestre_10079/
https://www.researchgate.net/publication/385977496_Una_ficha_para_la_diagnosis_del_estado_de_conservacion_de_los_petroglifos_gallegos
https://doi.org/10.1179/hma.2008.1.1.37
https://doi.org/10.4324/9780203754177
https://ra.brage.unit.no/ra-xmlui/handle/11250/175756
https://doi.org/10.30861/9781407307459
https://issuu.com/kairosceaacp/docs/kairos_landcrat
https://doi.org/10.14195/2184-7193_14
https://doi.org/10.1179/sic.1994.39
https://www.canada.ca/en/conservation-institute/services/agents-deterioration.html
http://refhub.elsevier.com/S1296-2074(25)00237-7/sbref0014
http://www.cartadelrischio.beniculturali.it
http://refhub.elsevier.com/S1296-2074(25)00237-7/sbref0016
http://refhub.elsevier.com/S1296-2074(25)00237-7/sbref0017
https://doi.org/10.1179/sic.1994.39.Supplement-2.8
https://www.iccrom.org/publication/abc-method-risk-management-approach-preservation-cultural-heritage
https://unesdoc.unesco.org/ark:/48223/pf0000217107
https://doi.org/10.3390/app10186491
https://revistas.inah.gob.mx/index.php/digitales/article/view/8187/8963
https://www.upo.es/investiga/art-risk-service/art-risk3/index.html
https://doi.org/10.1016/j.culher.2022.03.012
https://doi.org/10.30861/9781407312408
http://museuarqueologicodocarmo.pt/publicacoes/outras_publicacoes/IV_congresso_actas/Artigos/G07/Artigo7.3_IVCongAAP.pdf
https://doi.org/10.4324/9780203754177
http://www.jstor.org/stable/3889043
https://doi.org/10.1002/9781118253892
https://oa.upm.es/14779/
https://doi.org/10.3390/f12070819
https://doi.org/10.1016/j.culher.2015.10.006
https://doi.org/10.1108/IJBPA-12-2019-0106

	VuRA: A proposal for calculating vulnerability and risk in rock art sites. The experience in Foz Côa
	1 Introduction
	2 Research aim
	3 Materials and methods
	3.1 Risk
	3.2 Management

	4 Results
	4.1 Risk
	4.2 Management

	5 Final discussion and conclusions
	Funding
	Acknowledgements
	References


