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As part of a project with very ambitious goals ( LandCRAFT - the sociocultural contexts of art from Recent 

Prehistory in the Côa 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 

of archaeological sites. 

In a research area in which proposals and bibliographic references are particularly rare, the developed 

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

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

that scientific dissemination could not only improve this formula but also turn it into a useful tool for 

public use. 

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, 

VuRA 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/ ) 
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. Introduction 

It is not the purpose of this paper to discuss the seriousness of 

he deterioration affecting rock art sites; therefore, we will leave 

his task to experts on the issue [ 1 ] and simply assume the reality

f the difficult situation rock art is facing. Nevertheless, given our 

xperience and responsibilities in this field, we consider ourselves 

apable of contributing new ideas to help tackle this problem, so 

e will make some suggestions in the following pages. Perhaps as 

 second premise, in which we also agree with the aforementioned 

uthors [ 1 ], we affirm that it is necessary to renew, or even rein-

ent, the models of rock art heritage management, at least in the 

eographies we know. Along the same lines, we have also partic- 

pated in the elaboration of an innovative reflection document [ 2 ] 

hose reading may complement some of the ideas expressed in 

his paper. 
∗ Corresponding author at: R/ Santiago 19, 2, 36202 Vigo Spain. 
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When dealing with cultural heritage management, three inter- 

elated fields of action are usually distinguished [ 3 ]: 1) its knowl- 

dge, quantification and valuation; 2) its protection, through a 

ide range of strategies; and 3) its dissemination and public use, 

o foster its social appreciation as well as the benefit of local com- 

unities. This article discusses points 1 and 2 and argues that for 

he design of effective protection policies it is essential to have an 

pdated catalogue of archaeological sites, with very detailed infor- 

ation on their state of conservation and future risks. Otherwise, 

s we have often seen, any potential actions implemented will not 

espond to real needs and will therefore be ineffective. Unfortu- 

ately, however, there are few examples of cultural heritage man- 

gement strategies which take into account the site’s state of con- 

ervation and the level of risk to which it is exposed. 

In the literature related to risk [ 4 ], two complementary con- 

epts are defined: vulnerability (characteristics and state of the ob- 

ect) and hazard (factors that can cause deterioration). Both are 

ecessary for the quantification of risk and for the design of pro- 

ection strategies: vulnerability allows the correction of the object’s 

eaknesses; knowledge of hazardousness facilitates the control of 
article under the CC BY-NC-ND license 
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egradation factors. To define the joint study of vulnerability, haz- 

rd 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 

he level of research on these two items, with a reasonable number 

f studies applied to vulnerability and far fewer aimed at studying 

azard. 

Indeed, as already stated, it is possible to consult a considerable 

umber of proposals for the characterisation and diagnosis (vul- 

erability) of groups of sites with rock art. We could even divide 

hem into different categories: on the one hand, mere diagnostic 

ystems (determination of types of degradation and their degree 

f severity) [ 6 , 7 ]; on the other hand, more ambitious proposals
ig. 1. Above left, map of the Iberian Peninsula showing the location of the study area;

aintings of Poço Torto site. 

118
imed at cataloguing and recording [ 8 ] and even others which sug- 

est specific conservation and protection actions [ 9 , 10 ]. However, 

ll of them share a weakness: they are designed on the basis of 

he recording of visible pathologies, proposing, in the best of cases, 

ctions to correct them. Consequently, this methodology is insuffi- 

ient when it comes to preventing alteration: it is also necessary 

o consider risk assessment and, therefore, hazard studies. 

The proposal presented in this paper (VuRA) was designed and 

ested in parallel to a rock art research project [ 11 ] in which

e participated as part of the conservation team. The LandCRAFT 

roject 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 
 on the right, landscape (Côa river) from Ribeira de Piscos site; below, prehistoric 
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rt group of Foz Côa (UNESCO World Heritage). The study currently 

overs a set of 11 shelters, and our team was entrusted with the 

production of site management plans based on-site diagnosis”, for 

hich we developed the VuRA tool. 

. Research aim 

The aim was to design and test a comprehensive system for 

ecording and processing information which would allow us to 

nd out not only the current state of conservation but also the 

ossible future evolution of a set of sites with rock art. This sys- 

em should accumulate observations on the sensitivity of the ob- 

ect, the state of conservation and the potential impact of different 

gents of degradation in order to quantify the potential level of de- 

rading impact on the site. 

Taking this as a departing point, the tool should facilitate the 

esign of measures to correct and control deterioration (manage- 

ent). To meet this objective, and taking into account other similar 

xperiences, a system of record sheets was designed and applied to 

ll the sites. This has enabled us to test the validity of the method, 

hile awaiting its evolution and improvement. 

. Materials and methods 

.1. Risk 

As indicated above, the level of risk is obtained (either by ad- 

ition or multiplication) from the values of vulnerability and haz- 

rdousness, so the quantification of both is the most essential pre- 

ious task. The existence of interesting experiences in the study 

f the vulnerability of rock art was also acknowledged, but more 

carcely in the case of hazardousness, which explains the lesser 

evelopment of risk studies in archaeological heritage. 

In turn, hazardousness can be approached at two levels: terri- 

orial and local. The first refers to the study of factors that affect 

 more or less wide geographical area and that equally influence 

 diverse set of heritage sites. These data (e.g. climate, seismicity, 

tc.) are often obtained from public and even geo-referenced infor- 

ation sources and can be incorporated into GIS applications. In 

arallel, the study of hazard at the local level tries to offer an ac- 

urate quantification of these factors on a smaller scale, almost al- 

ays unique to individual sites (e.g. microclimate). A study of this 

ype requires very detailed quantification (inspection and measure- 

ent) processes that are not always feasible in financial and tem- 

oral terms. 

Moreover, and obviously, in order to quantify hazard it is es- 

ential to establish a list of the deterioration factors that can in- 

eract with the cultural property. In the field of preventive con- 

ervation (movable heritage), a list of ten factors has been consol- 

dated [ 12 , 13 ]. Despite its interest, and at least when applied to

mmovable heritage, this list seems incomplete and gives excessive 

rominence to some scarcely relevant agents, while other propos- 

ls [ 14 ] seem more interesting for the study of archaeological her- 

tage. As a result of the combination of both proposals, we have 

ecided to use a list of nine factors: biological, hydric, climatic, 

eo-structural, contamination, fire, light and anthropic (direct and 

ndirect). 

Perhaps the best and most ambitious example of territorial haz- 

rd quantification is the Risk Charter developed in Italy by the Isti- 

uto Superiore per la Conservazione ed il Restauro [ 15 ]. It is an early

nd innovative risk assessment project, covering the whole coun- 

ry and all immovable cultural heritage. Although it can incorpo- 

ate individual vulnerability [ 16 ] and thus risk reports for specific 

ites, it is undoubtedly a very good example of the application of 

IS formulas for the knowledge of territorial hazardousness. 
119
With regard to risk calculation models [ 17 ], some predictive 

nes have been extensively explored in the field of Conservation 

 18 , 19 ]. Departing from a differentiated analysis of ten hazard fac- 

ors, three different items are assessed: (A) the frequency of that 

actor, (B) the degree of potential impact on each object, and (C) 

he proportion of impact on the set of objects in a collection. The 

agnitude of the risk is simply the sum of A, B and C. The diffi-

ulties this method faces are diverse: it requires a good knowledge 

f hazardousness (alteration factors involved and their future evo- 

ution), but also an accurate estimation of the impact on the diver- 

ity of materials that constitute the cultural heritage site (vulner- 

bility). All these reasons might explain why these methodologies 

ave been mostly applied to the field of museum collections and 

ot so much to the analysis of monuments and immovable sites, 

lthough there are some interesting examples of the implementa- 

ion of the model to this area [ 20 ]. 

The examples are less common when it comes to immovable 

eritage, even though there are some of them which are some- 

imes limited to one site [ 21 ] and some others that have more 

eneralising pretensions [ 22 ]. In both cases, the approaches to vul- 

erability and hazard are extraordinarily ambitious and accurate. 

Another interesting example, in this case because of its sim- 

licity, is the Art-Risk [ 23 , 24 ] application, also designed for archi-

ectural heritage. It is basically a form to be filled in by the user 

ith relevant information on vulnerability as well as on local and 

erritorial hazardousness. As for territorial hazard, this means geo- 

eferenced information (geotechnics, rainfall, thermal stress, etc.) 

hat is incorporated into the risk calculation after entering the geo- 

raphical coordinates of the building. The output variables provide 

esults which can be used as a guide in terms of conservation and 

aintenance actions. 

In the field of rock art, special attention should be given to 

 very interesting study on the Palaeolithic site of Foz Côa [ 25 ],

here risk estimation is established taking into account both vul- 

erability observations and some local hazard factors. On this ba- 

is, an “intervention urgency scale” is proposed for the sites stud- 

ed. Despite its simplicity, we believe that it is very close to the 

remises of our proposal: “the intervention urgency scale is proposed 

s a method to prioritize future conservation work to be done in the 

izeable Côa Valley open-air rock-art complex”. 

Based on the study of a significant amount of the experiences 

escribed so far, the creation of VuRA was aimed at designing a 

ecording system that, on a single platform, would make it possi- 

le to consult information about both state of conservation and fu- 

ure risk, what we have called “Vulnerability Report”. This, in turn, 

ould enable us to outline any management actions needed to en- 

ure the adequate protection of the sites studied ( Fig. 2 ). 

As the fieldwork process progressed, some amendments were 

ade to both the sheets used and the data contained therein in 

rder to improve their original design by adding some informa- 

ion that we considered relevant to the achievement of our objec- 

ives. It should also be noted that, in accordance with the strategic 

ines of the LandCRAFT project, all the information was organised 

n three levels of observation, of decreasing extension: 1) territo- 

ial setting; 2) the site (the whole set of shelters, and panels) and 

) the individual panel with prehistoric art. 

Nine sheets were designed: six to be completed during the field 

tudy phase, and three additional ones, with semi-automatic calcu- 

ation ( Table 1 ): 

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

Table 1 

Forms and main information registered in the VuRA system. 
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. 
• 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. 
• 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, 
120
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 ). 
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Fig. 3. Rock surface temperature at two times (11.30 and 18.00) on a hot day (July, 2022) at the Ribeirinha site. 
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• 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. 
• Sheet 7, Risk; it automatically performs calculations for risk es- 

timation at each site. 
• 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. 
• 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- 

el file (one for each site studied), in which each of the proposed 

heets (1 to 9) corresponds to a separate sheet in the Excel file. 

heets 1 to 6 have been completed in the field, through inspections 

nd measurements carried out directly at the archaeological sites. 

heets 7, 8 and 9, meanwhile, are based on the previous sheets and 

rovide automatic calculations based on the information recorded. 

We will not offer here a detailed description of the information 

ecorded in each record sheet, nor on the - very exhaustive - diag- 

ostic form, since this paper is specifically aimed at describing the 

isk estimation method. Even though it is not an essential element 

f this calculation, it is necessary to point out that the so-called 

observed risks” are initially analysed. This refers to the assess- 

ent made during the diagnostic process (sheet 6, Diagnosis), and 
121
esponds specifically to the possibility of reproduction of the iden- 

ified deterioration processes, in terms of probability and potential 

mpact. Moreover, complementary information on these risks is re- 

uested, covering the potential impact on visitors, whether they 

an be considered sudden events and, finally, whether they can be 

elated to the effects of climate change. 

The actual risk calculation is carried out in another sheet (7, 

isk) based on the data collected in the rest of the sheets. Thus, 

or each of the 9 deterioration factors considered, the data are in- 

egrated into a calculation matrix, using four elements of analysis: 

• Vulnerability: 
• Observed degradation (diagnosis): impact and risk observed 

so far; 
• Sensitivity: intrinsic characteristics of materials, techniques, 

site or environment; 
• Hazard: 

• Evidence (or quantification) of each of the degradation fac- 

tors. 
• Exposure: complementary factor that facilitates or cooper- 

ates in the agent’s action; 

The number of items considered for calculating the risk associ- 

ted ( Table 2 ) with each agent is variable, although we are obvi-

usly aware that this number will need to be reviewed and prob- 

bly increased in the future. 

The calculation of the risk (for each factor, Rx) is obtained from 

he product of the four variables, and is in turn related to the max- 

mum risk (Rmax), using the following rules: 

1.1) Initial risk, for each factor (iRx) = (1 × 2∗3 × 4) 
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Table 2 

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). 
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1.2) Maximum risk (Rmax) = (1 × 2∗3 × 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, 

here 0 to 1 is low risk; 1 to 2 is medium risk; 2 to 3 is high risk

nd 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 

een performed in calculations 3 and 4. 

.2. Management 

The outline of management and protection strategies was in- 

ended to meet two requirements: on the one hand, the material 

onservation of prehistoric art in the territory covered by the Land- 

RAFT project; on the second hand, the design of a plan to improve 

ocial recognition of this site through the creation of a programme 

or the management of public visits. We consider that, in order to 

reserve this exceptional treasure, it is essential that both the lo- 

al community and visitors appreciate and integrate it into their 

ersonal heritage. 

Thus, the first task was to select the sites that could benefit 

rom a public visit programme. This strategy used a methodology 

hich had already been applied to other archaeological typologies 

 27 , 28 ], based on the register items indicated so far. It is assumed

hat for the presentation of a heritage site, not only the best pre- 

erved sites should be selected (diagnosis and risk), but also those 

ith a higher heritage value. In other words, those whose cultural 

ignificance allows them to be considered relevant for the society. 

his value will not only justify their selection, but will also facil- 

tate the definition of objectives and strategies for their manage- 

ent [ 29 ]. Basically, this means defining the criteria to be applied 

n order to decide which sites should be shown to the public, but 

lso determining the extent of this exposure and even the argu- 

ents for it. 

A quantification of the cultural heritage value (HV) of the sites 

tudied was initially carried out. At this point, it should be noted 

hat although there are many approaches to this question, we have 

ong been using the criteria proposed by Lipe [ 30 ]: symbolic, sci- 

ntific, aesthetic and economic value. Following this model, some 

nformation recorded in the sheets ( Table 1 ) was automatically in- 

orporated (sheet 8, heritage value). In addition, for more complex 
122
lements, a questionnaire (with a total of 30 items of a very di- 

erse nature) was completed by the members of the research team. 

This information was used to calculate two indexes: AI (actions 

ndex) and HEI (cultural heritage efficiency index), which were ob- 

ained from the following information: 

• Average of complexity and urgency of protection and conserva- 

tion actions (PA) 
• Average of complexity and urgency of exhibition (presentation) 

actions (EA); 
• Number of protection and conservation actions (PN); 
• Number of exhibition actions (EN). 

And from there: 

• AI = (PA∗PN) / (EA∗EN) 
• HEI = HV / AI 

In order to separate both groups (protection vs. exhibition) a 

imit of 1 has been established for HEI and 2 for HV. When both 

ndexes go beyond these values, exhibition is proposed; otherwise, 

ere protection (and preventive conservation) of the site is pro- 

osed. 

. Results 

.1. Risk 

Table 3 and Fig. 4 show the results of the risk calculation for all

he sites studied. Given the technical characteristics of the paint- 

ngs and the degradation processes which affect them, the “radia- 

ion” factor has not been used in this project, as we consider its 

otential impact to be negligible. Only the possible thermal impact 

f solar radiation has been taken into account; it has been incor- 

orated into the “climate” factor. 

The data are reasonably homogeneous, slightly above 2 (aver- 

ge 2.2, high risk), with a maximum of 2.4 (Faia). It is obvious 

hat the use of a large number of quantification elements tends 

o homogenise the results. In general, the most decisive/influential 

actors seem to be climatic and geo-structural, while those linked 

o human action are surprisingly moderate. The permanent impor- 

ance of the climatic (and hydric) factor is related to the natural 

rocesses of crust formation, one of the most common in the site. 

However, the maximum values at each site show the relevance 

f other, site-specific factors. The low values of some common risks 
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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. 

123
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Table 3 

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. Poço Torto, 7. Ribeira de Piscos, 8. Ribeirinha, 9. São Gabriel, 10. Vale Figueira, 11. Vale Videiro. 

1 2 3 4 5 6 7 8 9 10 11 Avg 

Biology 2,0 2,4 2,2 2,3 2,0 2,0 1,9 2,1 2,5 2,0 1,9 2,1 

Water 2,4 2,4 2,8 2,4 2,0 2,2 2,4 1,6 2,5 2,2 2,2 2,3 

Climate 2,9 2,1 2,2 2,4 2,0 2,7 2,8 1,7 2,3 2,8 3,0 2,4 

Pollutants 1,9 2,2 1,8 2,0 1,3 1,9 1,8 1,2 1,9 1,8 1,8 1,8 

Geo-structural 2,8 1,7 2,0 2,0 2,0 2,7 2,3 2,1 2,2 2,5 2,8 2,3 

Fire 1,8 2,1 1,8 2,0 2,1 2,1 1,9 2,3 1,8 2,1 2,2 2,0 

Anthropic (direct) 1,8 2,6 1,8 1,8 2,0 2,0 2,0 2,0 1,9 1,9 1,9 2,0 

Anthropic (indirect) 2,0 2,1 1,8 1,2 2,1 2,0 2,1 2,5 1,9 2,7 2,9 2,1 

Total 2,2 2,2 2,1 2,4 2 2,2 2,2 2,0 2,1 2,2 2,3 2,2 

Max 2,9 2,6 2,8 2,4 2,1 2,7 2,8 2,5 2,5 2,8 3,0 2,4 

Min 1,8 1,7 1,8 1,2 1,3 1,9 1,8 1,2 1,8 1,8 1,8 1,8 

Fig. 5. General view of the Vale Figueira site, on the banks of the river Côa and exposed to flood risk from construction work (indirect anthropic) downstream. 
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n rock art (fire, pollutants) are probably the result of the socio- 

cological conditions of the environment, with not too lush vege- 

ation, not too intensive land use, and little pollution. 

For and adequate quantification of risk, it is essential to point 

ut the difference between the “observed” and the “calculated”

alculation. Fig. 4. A shows the total risk at the sites visited, with 

n evident (and misleading) tendency to overestimate the observed 

isk. The observed risk is therefore partial data that we link to vul- 

erability, but the relevant information is the calculated risk (vul- 

erability and hazard). Fig. 4. B shows the risks at one site (Vale 

igueira) ( Fig. 5 ), being remarkable the absence of observed risks 

n some factors (geo-structural, fire and anthropic direct) that do 

ot show evidence of damage at present. In this case, the tendency 

o overestimate the observed risk is not so pronounced, with some 

alculated risks (climate, anthropic indirect) being higher. Fig. 4. C 

hows the total risk of a single agent (anthropic indirect) for all 

ites. Again, the absence (observed) at some sites is striking, while 

he calculated risk is more diverse, with very high (2.9 at Vale 

ideiro) but also very low risks (1.2 at Faia) at remote, not easily 

ccesible sites. 

In general, the calculated risks are consistent with the specific 

haracteristics of each of the sites studied. Thus, in the sites clos- 

st to inhabited areas or communication routes, the anthropic risks 

ncrease (Colmeal, Ribeirinha, etc.), while in the more remote sites, 
limatic factors are dominant. t

124
.2. Management 

Table 4 and Fig. 6 show the HV and HEI results for the sites 

tudied. There is a reasonable difference in the HV of the 11 sites 

tudied (maximum: 3.1, minimum: 1.2), which in fact derives from 

he multiplicity of elements considered and the specific character- 

stics of the site. As indicated above, in order to decide which sites 

hould be exhibited, two requirements were established: the HV 

hould be greater than 2, and the HEI greater than 1. As a result, it

s proposed not to exhibit Castelejo, São Gabriel and Vale Videiro, 

o in these cases, the actions related to public presentation are not 

ncorporated into the action proposal. 

On this basis, we outlined a management strategy for each site. 

he system (sheet 9) automatically generates a conservation pro- 

ocol and, of course, indications on future maintenance and moni- 

oring. Should it be the case that the site is going to be presented 

o the public, it will be necessary to carry out a greater number 

f actions, including the creation of accesses, information facilities, 

tc. However, all sites obviously require conservation and protec- 

ion work. 

Moreover, in all of the sites, the results of the risk calculation 

equire the revision and reinforcement of the actions initially pro- 

osed, or simply the design of actions not considered until then. 

s indicated above, some hazard factors were not identified during 

he diagnosis process. 
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Table 4 

Heritage value (HV) and heritage efficiency value (HEI) in the sites studied in LandCRAFT project, all 

values from 0 to 4; 1. Castelejo, 2. Colmeal, 3. Ervideiro, 4. Faia, 5. Lapas Cabreiras, 6. Poço Torto, 7. 

Ribeira de Piscos, 8. Ribeirinha, 9. São 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 3,4 2,6 0,9 2,6 0,8 2,0 

Aestethic value 1,7 2,8 2,8 2,6 3,0 2,6 2,6 2,3 1,5 2,3 1,7 2,4 

Simbolic value 1,4 2,6 1,8 3,1 3,0 2,1 2,4 1,5 1,4 2,0 1,5 2,1 

Scientific value 1,7 2,5 3,2 3,2 3,1 2,8 2,6 2,3 1,1 2,3 2,3 2,5 

Total HV 1,5 2,7 2,1 2,5 3,1 2,4 2,7 2,2 1,2 2,3 1,6 2,2 

HEI 1,9 2,1 2,8 1,2 1,1 6,7 1,8 1,8 1,4 3,4 1,4 2,3 

Fig. 6. Results of heritage value and heritage efficiency index calculations at all LandCRAFT sites, all values from 0 to 4. 
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. Final discussion and conclusions 

In the case of the LandCRAFT project, the VURA system has 

erved to standardise, organise and manage a large amount of in- 

ormation about vulnerability and hazardousness, and finally risk. 

onsequently, it has served to outline in detail the management 

trategies (protection, presentation, conservation, etc.) of the set of 

ites covered by the project. We believe that the VuRA proposal 

s an interesting contribution to the management of archaeological 

ites with rock art. In general terms, the results are consistent and 

dequate for what could have been expected initially. 

However, the model is not considered finalised, but a first ver- 

ion of a procedure that still needs to be matured and improved. 

or example, input is mostly manual and only some calculations 

re automatic. Therefore, it is advisable to incorporate more auto- 

atic (geo-referenced) data, in a real GIS app, and move towards 

xpert systems that improve automation. Undoubtedly, this would 

e much easier if we had a national (GIS) hazard management tool, 

s in the Italian example. 

Of course, the factors considered for calculating risk can and 

hould be reviewed and completed, even by modifying the weight- 

ng of some of them. We also consider it necessary to diversify 

nd provide more details on the proposals for action (which for 

he time being are still schematic), even improving the automation 

f the relation between actions and calculated risks. 

Calculations connected to site management (HV, HEI) have pro- 

ided suggestions on the typology of action, but are considered to 

e merely advisory: they should be regarded as an initial opinion. 

n fact, some sites (Ervideiro, Faia) with high value (and HEI) can- 

ot really be exhibited given the current constraints (difficult ac- 

ess, etc.). The final decision depends on other actors (authorities, 

ocal population, researchers, etc.) who will be able to expand (or 

educe) the ambitions of the proposal. In fact, VuRA is only consid- 
125
red a necessary part of a wider group of actions to be organised 

n a real management plan for the whole set of sites. 

In any case, the development of this tool has helped us to un- 

erstand that there is a need and scope for research to promote 

uch more efficient tools, and also that these tools are of enor- 

ous interest to facilitate and improve decisions on the manage- 

ent of cultural heritage in general and rock art in particular. In 

hort, any risk quantification system must consider: 1) the sensi- 

ivity of the object to deterioration, its characteristics and state of 

onservation; 2) the hazard, the degradation factors present, their 

volution and future probability and 3) the quantification of the 

ossible impact on the object, the risk. Based on all this, it is im- 

ortant to adopt some strategies to contain deterioration and risk, 

hrough a wide range of protection and conservation actions. The 

uture challenges seem to be related to the development of the 

hree tasks indicated above, especially the last one (quantification 

f risk). And for this to be achieved, an ambitious research policy 

ust be ordered and encouraged: 

• 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 

nd conservation actions adapted to the vulnerability of each site, 

hich can also be automated. And even, again, advanced through 

xpert systems [ 33 ]. 

We suggest that all those researchers interested join us in this 

ssential task. 
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